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1. Related comments

   As the resolution of comment ID #951 and #952 for draft v2.0, I submit the suggested changes for the frequency control requirements in Section 8.12. The relating comments are as follows:
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951Wu, Robert 8 8.12.1 2 374 22 T inaccurate and should separate the timing accuracy vs

frequency offset

Modify the sentence as follows: "At the CPE, both the

transmitted center frequency and the symbol clock frequency

shall be synchronized and locked to the BS with a maximum

tolerance of 2% of the subcarrier spacing; and the

frequency of the symbol clock shall be synchronized

and locked to the BS with a maximum tolerance of 2%

of the subcarrier spacing."

Accept

952Kuffner, Stephen 8 8.12.1 374 23 T The symbol clock frequency is the 3348 Hz subcarrier

spacing divided by 1+CP (as far as I understand it; symbol

clock frequency is not defined in the draft).  For CP = 1/8, the

symbol frequency is 2976 Hz (1/336 usec).  2% of this is 6.7

usec.  Over a 29 symbol frame, the timing could slip by 29 x

6.7 usec = 197 usec, over half a symbol, clearly intolerable.



To keep timing from slipping less than 25% of the smallest

CP (1/32) (or 2.333 usec) , the symbol clock would have to

be accurate to 2.333 usec/10 msec = 233 ppm.  To allow for

initial synchronization margin, it should be somewhat less,

perhaps 100 ppm.

Demonstrate that 2%

tolerance on the

symbol clock

frequency is

acceptable.

It seems to be strange that the clock frequency would not be

compensated more often than once per frame.

Jungsun made simulations previously but these simulations

considered only the timing and frequency offset and not the

sampling rate offset.  There is a need to do simulations with a

drift in sampling clock frequency.

Robert did simulations and the preliminary results showed

that the synchronization issue (due to system/channel

impairment such as timing/carrier frequency/sampling clock)

was challenging



Action: Sung Hyun to investigate whether this 2% subcarrier

spacing for the sampling rate offset requirement is sufficient

and present the results in Hawaii meeting.  Jungsun was not

in a position to give conclusions on this study.

Action: Jungsun, Robert and Steve to do further study on this

and report during PHY teleconference calls before November.

Pending


To investigate whether the tolerance of 2% subcarrier spacing for the symbol clock frequency is reasonable, I looked over the IEEE 802.16 standard which employs the OFDMA. The relating section is as follows:
	From IEEE 802.16 standard
	

	8.4.14 Frequency control requirements
8.4.14.1 Center frequency and symbol clock frequency tolerance
At the BS, the transmitted center frequency, receive center frequency, and the symbol clock frequency shall be derived from the same reference oscillator. At the BS, the reference frequency accuracy shall be better than ±2×10–6.
At the SS, both the transmitted center frequency and the sampling frequency shall be derived from the same reference oscillator. Thereby, the SS UL transmission shall be locked to the BS so that its center frequency shall deviate no more than 2% of the subcarrier spacing compared to the BS center frequency.
During the synchronization period, the SS shall acquire frequency synchronization within the specified tolerance before attempting any UL transmission. During normal operation, the SS shall track the frequency changes by estimating the DL frequency offset and shall defer any transmission if synchronization is lost. To determine the Tx frequency, the SS shall accumulate the frequency offset corrections transmitted by the BS (e.g., in RNG-RSP message) and may add to the accumulated offset an estimated UL frequency offset based on the DL signal.


The IEEE 802.16 standard specifies only the deviation of center frequency, not symbol clock frequency. It seems to make sense to me.
On the other hand, the relating section of IEEE 802.22 draft is as follows:

	From IEEE 802.22 draft v2.0
	

	8.12 Frequency Control Requirements
8.12.1 Center frequency and symbol clock frequency tolerance
At the BS, the transmitted center frequency, receive center frequency, and the symbol clock frequency shall be derived from the same reference oscillator. At the BS, the reference frequency tolerance shall be better than ±2 ppm.
At the CPE, both the transmitted center frequency and the symbol clock frequency shall be synchronized and locked to the BS with a maximum tolerance of 2% of the subcarrier spacing.
During the synchronization period, the CPE shall acquire frequency synchronization within the specified tolerance before attempting any uplink transmission. During normal operation, the CPE shall track the frequency changes and shall defer any transmission if synchronization is lost.


If the transmit center frequency and symbol clock frequency are derived from the same reference oscillator, the deviation of all frequency (i.e., Tx/Rx center frequency, Tx/Rx symbol clock frequency) must be identical to that of the reference frequency (e.g, master clock). Thereby, if the deviation of center frequency after synchronization is defined by “the maximum tolerance of 2% of subcarrier spacing”, it does not need to specify the deviation of symbol clock frequency separately.
From the ETRI’s simulation results (DCN 22-07-0114-00-0000), the tolerance of 2% of subcarrier spacing can be easily achieved using FFO and IFO estimation around 0dB SNR in WRAN fading channel. The tolerance of 2% of subcarrier spacing is equivalent to the 66.96 Hz (=0.02*3.348 KHz). It amounts to 0.096 ppm (=66.96 Hz/695 MHz, 695 MHz center frequency is assumed). Since the sampling frequency can be derived from the same reference oscillator, the tolerance of sampling frequency is same as that of the center frequency. The sampling frequency deviation of 0.096 ppm means that this sampling offset can generate a periodic rob or stuff phenomenon in every 10,416,667 samples. While the maximum number of samples in a 10 ms WRAN frame is about 66,560 samples (=2560 samples/OFDM symbol * 26 OFDM symbols/frame, 1/4 CP ratio and 6 MHz channel bandwidth are assumed). Thus the maximum accumulated samping phase offset due to 0.096 ppm sampling frequency offset is about 0.00639 sample per frame.
The effect of sampling frequency offset is twofold: phase rotation and interference (i.e., ICI and ISI). The phase rotation by 0.096 ppm per sample can be easily compensated by frequency-domain equalizer (phase rotator). Since the relative sampling offset within each OFDM symbol is very small (amount of 0.096 ppm), the degradation due to ICI is negligible (less than 0.01 dB). While the accumulated sampling offset may cause the ISI. However, since the FFT starting point is generally moved forward into the cyclic prefix region, the ISI does not occur.
Because the rob/stuff period due to sampling tolerance is much larger than the maximum number of samples in a frame, the effect of sampling offset (e.g., phase rotation and interference) will not degrade the BER performance in WRAN system.
On the other hand, there is another discussion if the mobility (i.e. Doppler spread) should be considered to decide the frequency tolerance. It means that each CPE should track the frequency received from the BS (i.e. the frequency received by the CPE). In this case, each CPE may have different transmit center frequency. Thus the BS may receive the upstream bursts which are mixed with different RF frequency by the amount of downstream Doppler spread. This situation is described in the following figure.
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If the CPE tracks the frequency received from the BS, the reference frequency of CPE may be different by the amount of downstream Doppler spread (f1, f2, and f3). Since the transmit center frequency of CPE is same as the receive center frequency of CPE after synchronization, each upstream burst is also contaminated by the frequency offset due to downstream Doppler spread. Thus the BS receives the upstream bursts which have different frequency offset even within single OFDMA symbol. It may cause the performance degradation due to the synchronization error. In this reason, the CPE should track the frequency transmitted from the BS, not received by the CPE. It means that the downstream Doppler spread should not be considered in the frequency tolerance.
2. Suggested text

Based on the opinion above, I propose the text changes as follows in RED:
8.12 Frequency Control Requirements
8.12.1 Center frequency and symbol clock frequency tolerance
At the BS, the transmitted center frequency, receive center frequency, and the symbol clock frequency shall be derived from the same reference oscillator. At the BS, the reference frequency tolerance shall be better than ±2 ppm.
At the CPE, the transmit center frequency and symbol clock frequency shall be derived from the same reference oscillator. Thereby, the transmit center frequency shall be synchronized and locked to the frequency transmitted from the BS with a maximum deviation of 2% of the subcarrier spacing.
During the synchronization period, the CPE shall acquire frequency synchronization within the specified tolerance before attempting any uplink transmission. During normal operation, the CPE shall track the frequency changes and shall defer any transmission if synchronization is lost.
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Abstract


As a resolution of comment ID #951 and #952 for draft v2.0, this document is the suggested changes for the frequency control requirements in Section 8.12. In this document, I address the rationale of 2% of subcarrier spacing as a frequency tolerance as well as the right definition of frequency tolerance (deviation).
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