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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 were discussed, and the following agreements were made:

	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.
Agreement: For the last symbol of PSSCH, rate-matching is always applied when the Rel-15 MCS table is used.  Puncturing is always applied when the Rel-14 MCS table is used. 

Agreement: confirm the WA of last meeting: No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM
Agreement: 

· Introduce a modified MCS table, with TBS scaling applied
· A value of 1 is not precluded for TBS scaling
· FFS scaling factor value, and if coding rates >0.932 are allowed
· WA: One scaling factor is applied to all MCS values
Note: for communication of Rel-15 UEs with Rel-14 UEs, the Rel-14 MCS table is used


In this contribution, we discuss about 64QAM support in PC5 operation based on above agreements.
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; an option was TBS scaling and another option was MCS table modification. The discussion in the last meeting was concluded with the following agreement.
	Agr6eement: 

· Introduce a modified MCS table, with TBS scaling applied
· A value of 1 is not precluded for TBS scaling
· FFS scaling factor value, and if coding rates >0.932 are allowed
· WA: One scaling factor is applied to all MCS values


When 64QAM is introduced, for a given MCS table and a given number of allocated RBs, the peak data rate that can be achieved in practice is determined by the largest TBS whose coding rate with 64 QAM is smaller than 0.931. This means that a TBS scaling factor smaller than 1 does not change the achievable peak data rate. In fact,  “TBS scaling” affects how to quantize(or which quantization spacing level is applied to) the TBS values that are between the TBS values determining minimum transmission rate and the TBS value determining maximum transmission rate. 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. 
Proposal 1: “Scaling” issue is whether the quantization spacing level of transmission rate (or spectral efficiency) against the MCS is remained, or the spacing level will be finer than the legacy. If MCS modification is properly adapted, scaling does not needed.
2.2. Indication of 64QAM in SCI format 1
In the last meeting, 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.

Agreement: For the last symbol of PSSCH, rate-matching is always applied when the Rel-15 MCS table is used.  Puncturing is always applied when the Rel-14 MCS table is used. 


According to second 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. 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. 
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 RAN1 #90 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 [3], 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 [4]. 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: “Scaling” issue is whether the quantization spacing level of transmission rate (or spectral efficiency) against the MCS is remained, or the spacing level will be finer than the legacy. If MCS modification is properly adapted, scaling does not needed.
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.
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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