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This document is submitted for illustrating a letter ballot comment we have made to P802.22.1/D1.

Problem with NST Usage:

[ Refer to Section 7.3.1 and 7.4.5.3 for the usage of NST bit field for facilitating the consecutive transmission of a SPD. ]
It is described in Table 44—MAC sublayer constants on page 52 [1] that, 

The parameter aNSTValidCount is “The maximum number of PPD beacon frames allowed between an initial SPD beacon frame and the subsequent SPD beacon frame permitted by a Go-On response before the SPD will terminate the NST process. If the initial SPD beacon frame is in superframe n, the Go-On response shall be received in either superframe n+1, n+2, or n+3 in order to continue the NST process.” The default value of aNSTValidCount is 3.

Two SPDs could send a beacon frame with NST =1 each. The Go-On response from PPD could lead both SPDs to transmit at the same time. This is illustrated in Figure 1. At time n-1 (not shown in the figure), the PPD sent ACK in response to SPD1’s RTS. Accordingly, SPD1 transmits its beacon frame during time n, but with NST =1 indicating it has a second beacon frame waiting for transmission. The PPD has to send NACK in superframe n, so that only the PPD could transmit a beacon frame in time n+1. Assume that SPD2 is able to send an RTS during the receive period of the superframe n+1. For whatever reason, the PPD decides to ignore SPD1’s request for consecutive transmission, and grants SPD2 the right for using the superframe n+2. Unfortunately, SPD2 also sets its NST=1 in its beacon frame. At superframe n+3, the PPD agrees upon SPD2’s request and sends out the Go-On message. Accordingly to the current draft, both SPD1 and SPD2 will send out their second beacon frames because they both have published their requests previously. The simultaneous transmission will collide at the PPD.
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Figure 1.     Collision of the transmission of SPD1 and SPD2 when aNSTValidCount =3.
Now we know that the current design could lead collision of the beacon frames transmitted from multiple SPDs. In order to find a solution for this problem, let us refer Figure 2 for a complete analysis of all the possible transmissions in the ANPs of the three 3 superframes right after SPD1 has transmitted a beacon frame in superframe n. As mentioned earlier, the PPD has to transmit NACK during superframe n so that it could transmit the primary beacon frame during superframe n+1. The PPD could transmit any of the following three messages during the ANP period of the superframe n+1. It could transmit NACK to indicate that the PPD itself will use superframe n+2. It could transmit ACK to acknowledge that the other SPD could transmit a beacon frame in superframe n+2. The third option is for the PPD to transmit Go-On message so that SPD1 could transmit the second beacon frame in superframe n+2. 

Now let us move to superframe n+2. If the PPD transmitted NACK in superframe n+1, the PPD again has all the three options for transmitting NACK, ACK or Go-On message during the ANP in superframe n+2. One of the options is for the PPD to transmit Go-On message to uniquely allow the SPD1 to transmit its second message in superframe n+3. If the PPD transmitted ACK in superframe n+1, it has to transmit NACK in the ANP of superframe n+2 so that it could use superframe n+3. 
The similar analysis is done in Figure 2 for superframe n+3. Here, we see one case that leads to collision just like illustrated in Figure 1. 

In conclusion, within 3 superframes, we could have 4 scenarios that include a Go-On message each. One of the scenario leads into collision. The other 3 scenarios are fine.
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Figure 2. List of all the possibilities of ANP transmission within three superframes

Given the analysis so far, we have a good understanding for making informed tradeoff in the design. 
Option 1. Limit aNSTValidCount =1. The PPD has to response to SPD1’s request in superframe n+1, either explicitly (Go-On message) or implicitly (either NACK or ACK). 

Option 2. Limit aNSTValidCount =2. The PPD has to response to SPD1’s request in with 2 superframes, again either explicitly (Go-On message) or implicitly (either NACK or ACK).

Option 3. Limit aNSTValidCount =3. If we want to keep the flexibility so that the PPD could transmit the Go-On message within 3 superframes, we shall forbid the PPD from transmitting ACK during superframe n+1 so that any Go-On message uniquely grants transmission opportunity to SPD1. 
Note that we could have the fourth option which prohibits Go-On in superframe n+3 after ACK in superframe n+1 and NACK in superframe n+2. But, this kind of logic derivation loses the advantages considering the extra implementation requirements. Do not forget that we are designing a simple beacon device.
Note that Option 1 corresponds to the results in the column under the superframe n+1 in Figure 2. Option 2 corresponds to the results in the columns from n+1 to n+2. Option 3 corresponds to the results of all the three columns from n+1 to n+3, but without the collision case.

Option 1 simplifies the design, so that the PPD and SPDs resolve the NST=1 request immediately, and they do not have to remember prior activities. 
Both Options 2 and 3 keep the flexibility with existing design with slight modification of the specification. Option 2 also allows the PPD to grant opportunity to the other SPD who may need it badly. 

Actually, Option 3 is difficult to justify in real world.  Firstly, the extra benefit beyond what offers in Option 2 is that SPD1 could be allowed to transmit in superframe 3. But, it is hard to justify why the PPD wants to monopolize the resource for 3 consecutive superframes. Secondly, Option 3 precludes other SPDs to transmit beacon frames in superframe n+2, which raises the concern of fairness issue.
In conclusion, while any option is acceptable, we prefer to Option 2 which allows flexibility without sacrificing fairness. 
Anyway, we would like to include suggested text changes for all the three options in case the WG has different preferences from ours.
Suggest Text Change to the draft:

Three possible proposed remedies are suggested. Considering the similar performance of the three remedies, and for sake of complexity of the PPD and SPD algorithms, we recommend remedy #1 to be adopted in the standard. 
Remedy #1 (for the support of Option 1):

Remove the parameter aNSTValidCount and Table 44 (actually, the whole Section 7.3.1 MAC constants on page 52) from the draft. 

Change the last paragraph on page 59 as marked here.

If an SPD wants to send more than one beacon frame, the SPD can send its initial beacon frame with the Rank and NST subfields set to zero and one, respectively. Upon receipt of this beacon frame, the PPD can grant permission to the SPD to send a second beacon frame by transmitting a Go-On response during an ANP. This process may decrease the RTS collision probability due to the fact that the second beacon frame is sent without transmitting an additional RTS burst during the receive period. After sending its initial beacon frame, an SPD shall wait for up to aNSTValidCount superframes to receive a Go-On response from the PPD. If a response is not received during this time, the SPD shall terminate the process, and it shall send a new RTS burst before sending another beacon frame. After sending the initial beacon frame in superframe n, the SPD does not transmit RTS in superframe n+1. Rather, it checks whether a Go-On response is sent by the PPD during the ANP in that superframe. If yes, it transmits the second beacon frame in superframe n+2. If not,  namely, messages other than Go-On is transmitted by the PPD in that ANP, therefore, the SPD knows that its request using NST =1 for the transmission of the second beacon frame has been rejected by the PPD.

Change the two paragraphs between line 25 to 35 on page 60 (Section 7.4.5.3 PPD behavior) as marked here.

If the PPD receives an SPD’s beacon frame with the NST subfield set to one in superframe n, the PPD may grant the SPD permission to transmit an additional beacon frame without requiring that a second RTS burst be sent. If the PPD decides to allow this, it shall respond to the SPD by sending a Go-On response in the ANP within aNSTValidCount superframes of receiving the SPD’s initial beacon frame of superframe n+1.

If the PPD receives an SPD’s beacon frame with the NST subfield set to one and one or more other SPDs send an RTS burst in the following superframe, the PPD has three choices. The PPD may either choose to allow the first SPD to transmit another beacon frame by sending a Go-On response in the ANP, choose to allow one of the other SPDs to transmit a beacon frame by sending a matched ACK in the ANP, or choose to send its own beacon frame by sending a NACK in the ANP. Note that the last two choices automatically reject the request for consecutive transmission from the SPD whose NST subfield was set to one previously.
Remedy #2 (for the support of Option 2):

Change the contents in Table 44 as marked here.
“The maximum number of PPD beacon frames allowed between an initial SPD beacon frame and the subsequent SPD beacon frame permitted by a Go-On response before the SPD will terminate the NST process. If the initial SPD beacon frame is in superframe n, the Go-On response shall be received in either superframe n+1, or n+2, or n+3 in order to continue the NST process.”
Insert the following text after line 35 on page 60 (Section 7.4.5.3 PPD behavior).
Note that the last two choices automatically reject the request for consecutive transmission from the SPD whose NST subfield was set to one previously.

Remedy #3 (for the support of Option 3):

Replace the paragraph from line 30 to line 35 on page 60 with the following (Section 7.4.5.3 PPD behavior).
If the PPD receives an SPD’s beacon frame with the NST subfield set to one and one or more other SPDs send an RTS burst in the following superframe, the PPD has three choices. The PPD may either choose to allow the first SPD to transmit another beacon frame by sending a Go-On response in the ANP, choose to allow one of the other SPDs to transmit a beacon frame by sending a matched ACK in the ANP, or choose to send its own beacon frame by sending a NACK in the ANP.

If the PPD receives an SPD’s beacon frame in superframe n with the NST subfield set to one and other SPDs send an RTS burst in superframe n+1, the PPD can transmit either NACK or Go-On in the ANP of superframe n+1, but shall not transmit ACK in that ANP. This limitation applies only to superframe n+1. If the Go-On message is sent in superframe n+1, SPD1 transmits the second beacon frame. This round of NST=1 is completed. If NACK is sent in superframe n+1, the PPD has three options in superframe n+2. It may either choose to allow the first SPD to transmit another beacon frame by sending a Go-On response in the ANP, choose to allow one of the other SPDs to transmit a beacon frame by sending a matched ACK in the ANP, or choose to send its own beacon frame by sending a NACK in the ANP. If Go-On is not sent in superframe n+1 or n+2, the last chance for SPD1 to get a Go-On message is in superframe n+3 because aNSTValidCount=3.
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Abstract


The parameters and procedures in the current draft could leads to the collision of beacon frames transmitted from multiple SPDs. 





This problem can be resolved by one of three possible remedies. We present and discuss these three possible remedies, and recommend adopting remedy #2. 
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