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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, options for 64QAM support in PC5 operation is discussed, and the following working assumption and agreement is made:

	Working assumption:
· Differentiation of Rel-15 transmission using 64-QAM and Rel-14 transmission is signaled in the SCI

· No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM 

Agreement: select one of the following four options:

· Option 1: Use existing MCS table with TBS scaling

· Option 1a: with scaling for 64-QAM only

· Option 1b: with scaling for all MCSs

· Option 2: Introduce a modified MCS table for Rel-15 V2X UE
· Option 3: Use existing MCS table with no TBS scaling
Agreement: send LS to RAN4 to ask whether psd boosting for PSCCH when associated PSSCH used 64 QAM is feasible, and if yes, up to what level 


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

2. Discussion
2.1. Introducing new MCS table 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) increase the effective coding rate equal to or larger than “1” (or “0.931”) at some higher MCS indices. To resolve this problem, we discussed and made some options for supporting 64QAM in PC5 operation in RAN1 #90 like above agreement. 
Firstly in option 1, TBS adjustments is considered for 64QAM support. One of them takes account of scaling for 64QAM only, and the other is with scaling for all MCSs. To avoid defining new TBS table for sidelink, TBS scaling for only 64QAM can be one solution to resolve effective coding rate problem. But, as described in [3], TBS adjustments for 64QAM lead to non-monotonic behavior of spectral efficiency (SE) vs. MCS. It can lead MCS values waste between 16QAM and 64QAM in current MCS table. On the other hand, MCS modification like option 2 on agreements can be another solution for 64QAM support. New MCS table proposed in [3] maintains the monotonic behaviour of SE vs. MCS without resulting in an effective coding rate higher than 0.931 for high indices of the MCS table. That is, effective coding rate of high indices of the MCS table can be dropped by retransmission. So, option 2 is preferable than option 1. 
Proposal 1: The modification of MCS table is more preferred in terms of supporting the monotonic behaviour of spectral efficiency vs. MCS.

2.2. Indication of 64QAM in SCI format 1
According to the current specification below [4], 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 2: By removing the existing limitation of maximally allowed modulation order (i.e., 16QAM), the indication of 64QAM in SCI format 1 can be possible.
In the last meeting, we discussed differentiation of Rel-15 transmission using 64QAM and Rel-14 transmission, and we made working assumption like following:

· Differentiation of Rel-15 transmission using 64-QAM and Rel-14 transmission is signaled in the SCI

Like working assumption, SCI format 1 has reserved bits, hence it can resolve compatibility issue. For example, if MCS modification is allowed for 64QAM support, 1 bit on reserved bits can indicate R-15 transmission allowing 64QAM as well as new MCS table (i.e., R-15 modification MCS table). 
Also, we discussed whether the existing mechanism of modulation symbol mapping in first and last symbols (from TX UE perspective) needs to be changed for Rel-15 UEs, considering that the performance difference between “puncturing” and “rate-matching” can be larger especially in case of higher (effective) coding rate (e.g., 64QAM). One of rate-matching option is that only resource elements in the last symbol are not counted in the mapping process, another is that resource elements in the first and last symbol are not counted. If second one is applied, first symbol for AGC usage can be transmitted by second symbol repetition. Whatever which option will be selected, the PSSCH rate-matching behaviour improve 64QAM demodulation performance than legacy puncturing operation as described in [5]. Hence, if proper rate-matching is also allowed for Rel-15 UEs, signalling method to differentiate Rel-15 UE using rate-matching and Rel-14 UEs is needed. To resolve it, another reserved bit on SCI format 1 also is used for differentiation. But, if all schemes (i.e., MCS table modification and rate-matching) are supported for Rel-15 UE allowing 64QAM, only 1 reserved bit can be used for interpretation of Rel-15 operation to reduce reserved bit overhead.
Proposal 3: One of reserved bits on SCI format 1 can be used for indicating both Rel-15 transmission based on new MCS table and rate-matching the last symbol.
2.3. Further consideration points for 64QAM support
We brought up a problem about the criterion to allow Rel-15 operation like 64QAM in the last meeting. Main issue we addressed is that a solution needs to be specified for the radio layer to recognize whether or not the use of 64QAM is allowed. As described in [6], one of solution is that upper layer provides the information on whether 64QAM is allowed with every packet. Details about it will discuss on RAN2 including which methods is available in the upper layer can be provided to AS layer. RAN1 needs to observe RAN2’s discussion of this issue. 
Observation 1: RAN2 will discuss on solutions of how to recognize whether or not the 64QAM is allowed in the radio layer. 
Lastly, we raised issue about current PSD boosting for PSCCH (i.e., 3dB compared to PSSCH) in case of 64QAM support, hence we sent a LS to RAN4 [7]. After RAN4’s feedback about the feasibility and the possible level of PSD boosting for PSCCH, RAN1 can discuss further about this issue.
Observation 2: After RAN4’s feedback on LS, RAN1 can discuss further about PSD boosting issue. 
3. Conclusion
In this contribution, we discussed several aspects of 64QAM support in PC5 operation. The discussion can be summarized as follows:
Proposal 1: The modification of MCS table is more preferred in terms of supporting the monotonic behaviour of Spectral efficiency vs. MCS.
Proposal 2: By removing the existing limitation of maximally allowed modulation order (i.e., 16QAM), the indication of 64QAM in SCI format 1 can be possible.
Proposal 3: One of reserved bits on SCI format 1 can be used for indicating both Rel-15 transmission based on new MCS table and rate-matching the last symbol.
Observation 1: RAN2 will discuss on solutions of how to recognize whether or not the 64QAM is allowed in the radio layer.
Observation 2: After RAN4’s feedback on LS, RAN1 can discuss further about PSD boosting issue. 
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