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1. Introduction
In RAN#75 meeting, new WID on 3GPP V2X Phase 2 [1] was approved to support advanced V2X services in SA1 TR 22.886. The detailed objectives are as follows:

	· Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

· Carrier aggregation (up to 8 PC5 carriers);

· 64QAM;

· Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

· Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;


In this contribution, we discuss about 64QAM support in PC5 operation.

2. Discussion
2.1. Necessity of 64QAM support
The basic requirements to support eV2X use case scenarios have been specified in TR 22.886 [2] by SA1 working group. They consider eV2X services such as platooning, advanced driving, sensor sharing and remote driving with further increase of payload sizes. Accordingly, it is needed to increase peak data rates for sidelink communication, and support of 64QAM for sidelink can increase peak data rates. Furthermore, when a channel quality is enough good to decode data with higher MCS, support of 64QAM can be one of methods to utilize bandwidth more efficiently.
2.2. Indication of 64QAM in SCI format 1
According to the current specification below [3], the MCS field in SCI format 1 occupies “5” bits (which can indicate up to 64QAM), but the modulation order used for sidelink is allowed up to “4” (i.e., 16QAM). So, by simply removing this limitation, the indication of 64QAM in SCI format 1 can be possible.     
	· the modulation order is determined using the "modulation and coding scheme" field (
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is determined from Table 8.6.1-1.


Proposal: By removing the existing limitation of maximally allowed modulation order (i.e., 16QAM), the indication of 64QAM in SCI format 1 can be possible.

2.3. Further consideration points for 64QAM support
Currently, the TBS for sidelink is determined by reusing the existing uplink TBS table [3]. To be specific, the overhead of 2 DM-RS out of 14symbols (in 1 subframe) is considered when the TBS for uplink is calculated. However, if more overhead up to 6 symbols (i.e., 4 DM-RS, 1 symbol for AGC settling time, 1 symbol for TX/RX switching time) is considered in sidelink, some higher MCS indices under the (small) scheduled RB number can’t be supported, since the effective coding rate becomes equal to or larger than “1” (or “0.931”). To resolve this problem and avoid defining new TBS table for sidelink, the adjustment (or scaling) of TBS can be considered with taking into account the above-mentioned overhead (i.e., invalid for data symbol). For example, similar to the TBS adjustment in the existing special subframe, the effective number of scheduled RBs can be firstly calculated considering the overhead and then the final TBS is determined based on this calculated value. If this kind of TBS adjustment is introduced, it seems necessary to have further discussion on e.g., details of operation and application condition.

Observation 1: To handle the cases that some higher MCS indices under the (small) scheduled RB number can’t be supported due to the increased overhead (e.g., effective coding rate becomes equal to or larger than 1 or 0.931), the TBS adjustment (or scaling) can be considered with taking into account such overhead.
Furthermore, it can discuss whether the existing mechanism of modulation symbol mapping in first and last symbols (from TX UE perspective) needs to be changed, considering that the performance difference between “puncturing” and “rate-matching” can be larger especially in case of higher (effective) coding rate (e.g., 64QAM). 
Finally, it also needs to discuss further whether the current PSD boosting for PSCCH (i.e., 3dB compared to PSSCH) is still possible when 64QAM is applied (for PSSCH). This is because such PSD boosting can make worse EVM (error vector magnitude) in case of 64QAM, and it results in the performance degradation. Consequently, on this issue, RAN4’s feedback is needed.
Observation 2: It can discuss further whether the existing mechanism of modulation symbol mapping in first and last symbols needs to be changed, considering that the performance difference between “puncturing” and “rate-matching” can be larger especially in case of higher (effective) coding rate (e.g., 64QAM).
Observation 3: RAN4’s feedback is needed to clarify whether the current PSD boosting for PSCCH (i.e., 3dB compared to PSSCH) is still possible when 64QAM is applied (for PSSCH), considering such PSD boosting can make worse EVM. 
3. Conclusion
In this contribution, we discussed several aspects of 64QAM support in PC5 operation. The discussion can be summarized as follows:

Proposal: By removing the existing limitation of maximally allowed modulation order (i.e., 16QAM), the indication of 64QAM in SCI format 1 can be possible.
Observation 1: To handle the cases that some higher MCS indices under the (small) scheduled RB number can’t be supported due to the increased overhead (e.g., effective coding rate becomes equal to or larger than 1 or 0.931), the TBS adjustment (or scaling) can be considered with taking into account such overhead.
Observation 2: It can discuss further whether the existing mechanism of modulation symbol mapping in first and last symbols needs to be changed, considering that the performance difference between “puncturing” and “rate-matching” can be larger especially in case of higher (effective) coding rate (e.g., 64QAM).
Observation 3: RAN4’s feedback is needed to clarify whether the current PSD boosting for PSCCH (i.e., 3dB compared to PSSCH) is still possible when 64QAM is applied (for PSSCH), considering such PSD boosting can make worse EVM. 
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