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Summary:

This text proposes a new field to be defined in the MAC Header, based on comments regarding the More Data bit and its use.  Currently, the node can indicate that it has “more” data by setting the “More Data” bit to 1 in the MAC header, but the node does not have a means of telling the hub how much data it has to send.  This is complicated by the fact that the More Data bit is also used to terminate and Uplink or Type-I Polled allocation when set to zero.  
A second proposed change relates to the scheduling of “future” improvised allocation intervals.  If a hub assigns a “future” improvised allocation, it needs a means of canceling that allocation in the case where the node subsequently indicates through the More Data bit that it has no more data.
Analysis:

There are circumstances when it would be an advantage for the node to communicate to the hub how much time it needs after the current frame to transfer the balance of its uplink data.  This applies to Scheduled Uplink, Type-I Polling (Scheduled and Unscheduled), and Improvised Access.

Figure 1 illustrates a Scheduled Uplink Allocation Interval, where enough time has been allocated the send 2 large 255 byte payload frames.  On the last frame, the node sets the More Data bit to zero to indicate that the node has no more data, thereby terminating the allocation after receiving the last I-Ack frame.
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Figure 1 -- Scheduled Uplink with 2 frames transmitted.
Figure 2 illustrates the same allocation, but showing the case where the node has an additional 255-byte payload frame to transmit.  The node keeps the More Data bit set to 1 so that the hub will provide additional allocation through a “Future” Improvised Polled Allocation.  This works fine, as long as the node receives the I-Ack+Poll on Data Frame 1.  Figure 3 shows the similar case for when the I-Ack for first frame is not received by the Node, and the Node retransmits Data Frame 0, with the More Data bit equal to one.  In both cases, the Hub determines that there is insufficient time remaining in the Scheduled Uplink Allocation Interval for a transmission of another 255-byte payload frame, so it schedules an improved allocation interval long enough to send another 255-byte payload frame.  However, it does not allocate enough time to transmit 2 255-byte payload frames, in the case that the node has a 3rd frame to send.  
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Figure 2 - Scheduled Uplink with 2 frames transmitted, plus one frame in Improvised Allocation
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Figure 3 - Scheduled Uplink with 2 frames transmitted, with retransmission in Improvised Allocation
Figure 4 illustrates the desired behavior when the node needs to send 512 bytes, with 2 frames of 255, and one frame of 2 bytes.  
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Figure 4 -- Scheduled Uplink with 3 frames transmitted and received
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Figure 5 -- Scheduled Uplink with 3 frames transmitted, with an improvised allocation
In comparing Figure 3 with Figure 5, if Figure 3 is correct, then the hub will schedule a Future Improvised Allocation because the node had the More Data bit set to one in Data Frame 1 and there is not enough time in the Scheduled Uplink Allocation Interval to send another 255-byte payload frame.  However, there is enough time for the node to send the 2-byte payload frame, so it transmits Data Frame 2 with the More Data bit set to zero.  Since the Future Improvised allocation was scheduled with the I-Ack+Poll after Data Frame 1, the node must wakeup in the Improvised Allocation, receive the Poll, and then send a Null Data frame to acknowledge the poll.  This is not the desired behavior.
There are 2 problems to address with this situation.  First, the hub needs to be able to “cancel” the Future Improvised Allocation.  This can be handled by defining that the hub must continue to repeat the I-Ack+Poll after every received frame for the duration of the Scheduled Uplink Allocation Interval to maintain the Future Improvised Allocation.  Otherwise, the Future Improvised Allocation is canceled by an I-Ack only frame.  See Figure 6
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Figure 6 – Canceled Future Improvised Allocation

Second, the hub needs some information on how much data the node has to send.  When the More Data bit is set by the node, it also needs to encode how much data it has remaining to send.  This will allow the hub to schedule the correct time for the Future Improvised Allocation, and for the Future Polled Allocation.  With this information, in the case of Figure 4, the hub will know there is enough time for the node to send its frame, so it will not schedule the Future Improvised Access.  This behavior then reverts to the desired behavior of Figure 4.
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Figure 5 -- Scheduled Uplink with 2 small frames, one large frame transmitted

Figure 5 illustrates the case where the I-Ack for Data Frame 2 is not received by the node.  In this case, the node detects that there is not enough time in the Scheduled Uplink Allocation Interval to retransmit Data Frame 2, so it sends a Null Data Frame with the More Data bit set to 1.  Since there is still time in the Allocation Interval, the hub again must decide whether to send an I-Ack and allow another Data Frame in that allocation interval, or send an I-Ack+Poll to schedule Improvised Allocation.  If the hub has a way of knowing how much time is needed for the next frame, it will know whether to send an I-Ack or an I-Ack+Poll.  In this case, an I-Ack+Poll is needed, and with information on the amount of time needed, it can also allocate the correct amount of time for the Futre Improvised Allocation.
There are similar problems with Polled and Bilink Allocations.  When a node sets the More Data bit in and I-Ack or B-Ack frame to indicate that is has data to send, the node has no way to indicate how much time it needs to send the data.  The hub will have to allocate as much time a possible in the poll, expecting that the node will terminate the allocation when it completed its polled (uplink) transactions.  However, if the Hub receives information on the amount of data that the node has to send, then the hub can schedule the allocation correctly.
Proposed change:

1) A Future Improvised Allocation is canceled if there is a subsequent Poll, I-Ack+Poll, I-Ack, B-Ack or B-Ack+Poll within the same Allocation Interval that does not confirm the previous 

2) For Future Improvised Allocation and Polls, use the reserved 4 bits in the last octet in the frame control field of the header for the indication of how many slots the node requires to transmit its remaining data, 1 to 16 slots, where a value of zero in the field selects 16 slots.  
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