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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;


Also in the previous meeting, the following agreements were made:

	Agreements:
· Conduct additional evaluation to determine required modification for MCS table and TBS scaling factor in R15 using the following criteria:

· PSSCH spectrum efficiency vs SNR performance (where SNR is defined at 1% BLER)

· PSSCH low data rate considerations. Balanced performance between PSCCH and PSSCH at low MCS indexes

· Granularity of SNR difference between adjacent PSSCH spectrum efficiency points (CDF of delta SNR)

· Peak spectral efficiency in case of retransmission

· Spectrum efficiency vs SNR for RV2 only reception

· Conduct additional link level evaluations using assumptions in Section 3 in R1-1721250.

· New MCS table should not have problematic MCS indexes in case of 2 TTI transmissions (i.e. reception of RV0 and RV2) assuming that puncturing is applied to the first symbol of initial transmission and retransmission.

Agreement
RAN1 agrees to finalize principle defining MCS/TBS tables at the RAN1 #92 meeting


2. Discussion
2.1. Introducing new MCS table / TBS scaling for Rel-15 UEs
As referred in [2], more overhead up to 6 symbols (i.e., 4 DM-RS, 1 symbol for AGC settling time, 1 symbol for TX/RX switching time) increases the effective coding rate and some high MCS indices lead to effective coding rates equal to or larger than “1” (or “0.931”). Multiple options were discussed on this issue; Current consensus is that introducing a modified MCS table, with TBS scaling applied (a value of 1 is not precluded for TBS scaling).

In fact, a scaling factor less than 1 will make more MCS indices usable and lead to a finer quantization for the set of supported data rate with the given peak date. However, the benefit of supporting such a finer MCS quantization is unclear given that the existing LTE MCS level is already sufficient in most cases and no strong use case of such MCS adaptation has been identified in the context of sidelink-based V2X. If we can keep the MCS quantization level the same as that of Rel-14, the TBS scaling factor can be set to 1 and, as a consequence, some MCS indices cannot be used in practice because quantization with the same granularity will make reaching the reduced peak rate earlier. 
Furthermore, when scaling is applied, spectral efficiency and coding rate can be lower unnecessarily through all MCS indices. Especially, lower spectral efficiency can be more intense when retransmission is applied. We think that new application for high reliability under high speed environment will need to retransmission or feedback function (e.g., HARQ) essentially. When retransmission is applied with TBS scaling, spectral efficiency can be further lower unnecessarily.
In our view on introducing new MCS table/TBS scaling, just MCS modification without TBS scaling is enough to resolve problematic high MCS indices on legacy MCS table. In addition, MCS indices which still be problematic after MCS modification can be solved by retransmission considering spectral efficiency issue. 
Proposal 1:  If MCS modification is properly adapted, scaling does not needed (i.e., TBS scaling factor is set to 1).
2.2. Indication of 64QAM in SCI format 1
In the RAN1#90bis, following agreements are made regarding the Rel-15 MCS table and rate-matching for last symbol.
	Agreement:

· For PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders.

· Rate-matching is applied for all MCSs

· Use of Rel-15 format is signaled in the SCI (FFS signaling details)
Note: When a Rel-15 UE transmits a message that needs to be received by Rel-14 UEs, it shall use the Rel-14 format. 


According to above agreement, when the Rel-15 new MCS table (e.g., MCS modification is applied) is used, rate-matching is always applied for the last symbol of PSSCH. It implies that rate-matching and the use of Rel-15 MCS table is a pair of Rel-15 functions. Also, there is no special reason to support only one enhancement when transmission is targeted to Rel-15 UEs, i.e., it means that supporting both enhancements together to Rel-15 UE can maximize link performance. Therefore, 1 bit on reserved bits can indicate both R-15 rate-matching for last symbol and R-15 modification MCS table. Furthermore, if TBS scaling is applied for 64QAM support, it can be also bound together as a Rel-15 function for 64QAM support to reduce reserved bit overhead. Then, 1 bit on reserved bits can indicate three operations together. This would reduce the number of possible transmission format combinations supported in the specification, thereby simplifying the UE implementation and the related UE test.
Proposal 2: One of reserved bits on SCI format 1 can be used for indicating both Rel-15 transmission based on rate-matching the last symbol and new MCS table.
When we examine a different Rel-15 function (e.g., TX diversity) regarding signalling for differentiation, each indicator is needed to support each functions, e.g., another reserved bit on SCI format 1 is also used for differentiation. For example, TX diversity is not used due to the TX antenna capability of the transmitter UE but 64QAM can be used to increase the data rate for the transmissions to Rel-15 UEs. From the Rel-15 TX UE perspective, the possible cases can be summarized as follows: 
Case 1) Rel-14 format is used + TX diversity OFF
Case 2) Rate-matching for last symbol, new MCS table is used + TX diversity OFF
Case 3) Rate-matching for last symbol, new MCS table is used + TX diversity ON
Case 4) Rel-14 format is used (i.e., puncturing for last symbol) + TX diversity ON

Further discussion is needed on whether case 4) can be justified as such transmission anyway targets Rel-15 UEs. Nevertheless, only 2 bits among the Rel-14 reserved bits are enough to indicate each of the above cases. 
3. Conclusion
In this contribution, we discussed several aspects of 64QAM support in PC5 operation. The discussion can be summarized as follows:
Proposal 1: If MCS modification is properly adapted, scaling does not needed (i.e., TBS scaling factor is set to 1).
Proposal 2: One of reserved bits on SCI format 1 can be used for indicating both Rel-15 transmission based on rate-matching the last symbol and new MCS table.
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