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1   Introduction
At RAN#75 meeting, the new WID on 3GPP V2X Phase 2 was approved [1]. The aim of this WI is to specify 3GPP V2X Phase 2 to support advanced V2X services as identified in 3GPP SA1 TR 22.886 [2], which should be backward compatible with Release 14 V2X for the delivery of safety messages (i.e. CAM/DENM messages).
	1. 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]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;


In this contribution, we discuss the potential RAN2 impacts of supporting 64QAM over sidelink.
2   Discussion
In Rel-14 LTE-based V2X, the allowed maximum modulation order for PSSCH is 16QAM (a limitation condition is applied for determining the modulation order, i.e. the modulation order is set to Q’=min(4, Qm’) [3]), and the maximum payload size is 31704 bits (i.e. 3963 bytes) as cited in Table 1 from [4]. As we can see, support for 64QAM of PSSCH can be a possible solution to improve data rate over sidelink. 
Table 1: Reception and transmission physical parameter values set by ue-CategorySL-C
	UE SL-C Category
	Maximum number of SL-SCH transport block bits received within a TTI 
	Maximum number of bits of a SL-SCH transport block received within a TTI
	Maximum number of SL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of a SL-SCH transport block transmitted within a TTI
	Maximum number of supported layers for spatial multiplexing in SL-C

	SL-C Category 1
	25456
	25456
	25456
	25456
	1

	SL-C Category 2
	31704
	31704
	31704
	31704
	1


In Uu uplink, each ue-category is indicated by “support for 64QAM in UL” to instruct if 64QAM is supported in UL. In Rel-14 V2X, if a UE supports V2X sidelink communication, the UE shall support SL-C Category 2, which defines the maximum payload size and maximum number of supported layers for spatial multiplexing per UE in V2X sidelink communication. For Rel-14 V2X UE, the allowed maximum modulation order is 16QAM as aforementioned. While in eV2X, in order to support 64QAM and larger maximum payload size, a new category (e.g. category 3) for SL-C should be specified to define if 64QAM is supported in V2X sidelink communication, as well as the new maximum payload size. In addition, if the new category is supported, as a consequence, V2X UE should report its ue category to network via capability signaling. 
Proposal 1: In eV2X, a new category (e.g. category 3) for SL-C should be specified to define if 64QAM is supported in V2X sidelink communication and the new maximum payload size.
In Rel-14 V2X, in eNB scheduled resource allocation, eNB may configure the MCS used for sidelink transmission or a mcs range in the transmission parameters associated with the V2X resource pool. On the other hand, for UE autonomous resource selection, V2X resource pool is (pre-)configured with a range of UE speed and corresponding transmission parameters (e.g. range of MCS, number of PSSCH subchannel, allowed retransmission number), thereafter UE determines its actual transmission parameters based on its speed and corresponding transmission parameters configuration. 
As to support of 64QAM over sidelink, the eNB configuration or UE selection of 64QAM may be impacted by some factors, for instance, data rate, transmission range, UE speed/relative speed, sidelink channel quality and so on. If the sidelink channel quality is good and lower modulation order is used, it may result in ineffective resource utilization and degraded throughput. On the contrary, if sidelink channel quality is not good but higher modulation order is used, it may lead to serious packet lose. As we can see, sidelink channel quality is a major factor to affect the selection of modulation order. It is necessary for the eNB/UE to consider it for the MCS selection. 
To be specific, for eNB scheduled resource allocation, UE could report the measured sidelink channel quality to eNB for assisting eNB selection/configuration MCS or mcs range for UE sidelink transmission. For UE autonomous resource selection, it is also better for UE to consider the sidelink channel quality for MCS selection. In Rel-14 V2X, V2X sidelink communication was mainly based broadcast communication, UE may not acquire the sidelink channel quality. But for eV2X, unicast V2X sidelink communication may be supported and it is likely for UE to measure the sidelink channel quality.
In addition to sidelink channel quality, some other factors can be considered as aforementioned. If V2X services require high data rate, higher modulation order/64QAM is expected to be used. If high transmission range is required, lower modulation order instead of 64QAM should be considered. With UE speed increasing, carrier frequency interference caused by Doppler Effect becomes larger, which lead to poorer demodulation performance. In this scenario, lower modulation order is preferred. 
In a sum, in order to utilize 64QAM appropriately, RAN2 is suggested to consider the impacting factors for eNB configuration or UE selection of 64QAM MCS or mcs range for sidelink transmission. Specifically, for UE selection of MCS, some thresholds of the impacting factors could be provided to UE. And some UE assistance information may be necessary for eNB to determine/configure appropriate modulation order for UE sidelink transmission. 
Proposal 2: In order to utilize 64QAM appropriately, RAN2 is suggested to consider the impacting factors for eNB configuration or UE selection of 64QAM, such as sidelink channel quality, data rate, transmission range, UE speed/relative speed and so on.
Proposal 3: Some UE assistance information may be necessary for eNB to determine/configure appropriate modulation order for UE sidelink transmission.
3   Conclusion
In this contribution, we discussed RAN2 impacts of support for 64QAM over sidelink, such as UE capability and some impacting factors for eNB/UE to determine to use 64QAM. And we have the following proposals:
Proposal 1: In eV2X, a new category (e.g. category 3) for SL-C should be specified to define if 64QAM is supported in V2X sidelink communication and the new maximum payload size.
Proposal 2: In order to utilize 64QAM appropriately, RAN2 is suggested to consider the impacting factors for eNB configuration or UE selection of 64QAM, such as, sidelink channel quality, data rate, transmission range, UE speed/relative speed and so on.
Proposal 3: Some UE assistance information may be necessary for eNB to determine/configure appropriate modulation order for UE sidelink transmission.
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