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1 Introduction
According to the latest progress in RAN1, the new features of 64QAM and Tx diversity were agreed to be supported over sidelink for Rel-15 eV2X. However, as these two features are not supported by Rel-14 UEs, the Rel-15 UEs, when employing them for transmission, are not able to communicate with Rel-14 UEs. Thus, such a backward compatibility issue needs to be addressed, functioning also as one objective required by the WID in [1], especially for the delivery of safety services.
	The motivation of this work item is to specify 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886. The specified technologies should be backward compatible with Release 14 V2X for the delivery of safety messages (i.e. CAM/DENM messages).


This contribution will discuss how to address this backward compatibility issue when Rel-15 UEs apply 64 QAM and Tx diversity, so as to enable coexistence between Rel-14 UEs and Rel-15 UEs for V2X sidelink communication.
2 Discussion
According to the objective of WID [1], the new functionalities to be specified for Rel-15 eV2X are mainly used to support the advanced V2X services identified in TR 22.886 [2], including platooning, sensor sharing, advanced driving and remote driving. As observed from [3], these advanced V2X services are with higher data rate requirements as well as higher reliability demands, compared with those basic safety services supported by Rel-14 V2X. In fact, the enhancement of 64QAM and Tx diversity are respectively to improve the transmission rate and also reliability; therefore, they should be employed to transmit for those advanced V2X services, especially for the services with significant requirement on data rate, e.g. the sensor data sharing.
By contrast, for the basic safety V2X messages already supported by Rel-14 V2X, like CAM/DENM, a UE, regardless of whether Rel-14 or Rel-15, must be able to receive all transmissions from all other UEs in proximity, as these messages are related to road safety and even seriously to human life. As a result, due to the backward compatibility issue, it is unacceptable for the Rel-15 UE to transmit these basic safety V2X messages with 64 QAM and Tx diversity, which can make the nearby Rel-14 UEs unable to decode their transmissions. Also, as those basic safety services are typically not require very high data rate or reliability, they can already be well supported by the Rel-14 PHY schemes; So, there is neither any necessity to force a Rel-15 UE to transmit CAM/DENM messages with 64QAM and/or Tx diversity. 
Observation 1: The enhancement of 64QAM and Tx diversity should be employed to support the advanced V2X services in Rel-15 eV2X. By contrast, due to the backward compatibility issue and relatively loose requirements, the basic safety V2X services (e.g. CAM/DENM) which are already supported by Rel-14 V2X shall/need not be transmitted using 64QAM and Tx diversity. 
Based on Observation 1, we now discuss how to avoid/alleviate the backward compatibility issue caused by 64QAM and Tx diversity from a RAN2 perspective. 

Considering that V2X frequencies are typically categorized based on the service attribute (e.g. safety, non-safety or advanced V2X services) as per regional regulation of frequency allocation (e.g. as in Europe,  3×10 MHz on 5.875 GHz - 5.905 GHz for ITS road safety services, 2×10 MHz on 5.855 GHz - 5.875 GHz for ITS non-safety services and there is still at least another 20 MHz on 5.905 GHz to 5.925 GHz leaving for future ITS services [4]), the transmission on the safety-related carrier must be safety-related; so, it is surely that on safety-related frequencies 64QAM and Tx diversity shall not be applied, in order to avoid backward incompatibility. Based on this, we have the following proposal. 
Proposal 1: 64QAM and Tx diversity shall not be allowed on the frequencies used for safety-related V2X services, in order to avoid backward incompatibility that makes Rel-14 UEs unable to decode safety-related V2X messages.
On the frequencies that allocated to transmit non-safety V2X services and advanced V2X services, 64QAM or Tx diversity may be enabled for Rel-15 UEs, but how to configure them from the NW perspective and when to use these features from the UE perspective should be discussed in RAN2. 
· Issue 1: how to configure 64 QAM and Tx diversity from the NW perspective
Generally, 64QAM and Tx diversity are those parameters for link adaptation. In Rel-14 V2X, the adaptation parameter values that are allowed to be used by the UE (e.g. MCS ranges, PRB numbers, Retransmission number, etc.) are configured in a per pool manner, i.e. in the CBR-related parameters or speed-dependent parameters, on the corresponding carriers. Hence, it is straightforward that whether 64QAM and/or Tx diversity are supported should also be indicated for each Tx pool respectively, and a Rel-15 Tx UE is only allowed to use 64 QAM and/or Tx diversity in the Tx pools that support them (on the corresponding carriers), so as to avoid the misuse of them in improper resource pools. 
Particularly, to support 64QAM RAN1 has already agreed to introduce a new MCS table for V2X sidelink communication, whose contents are to be different from Rel-14 MCS table [5]. 
	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


On the other hand, in the current specification, only the MCS related configurations, i.e. minMCS-PSSCH-r14 and maxMCS-PSSCH-r14, corresponding to Rel-14 MCS table are included in the CBR related parameters and speed dependent parameters as follows: 
SL-PSSCH-TxParameters-r14 ::=

SEQUENCE {


minMCS-PSSCH-r14


INTEGER (0..31),


maxMCS-PSSCH-r14


INTEGER (0..31),

minSubChannel-NumberPSSCH-r14

INTEGER (1..20),


maxSubchannel-NumberPSSCH-r14

INTEGER (1..20),


allowedRetxNumberPSSCH-r14
ENUMERATED {n0, n1, both, spare1},


maxTxPower-r14



SL-TxPower-r14



OPTIONAL


-- Cond CBR

}

As a result, we surely cannot expect to only use one set of the minMCS-PSSCH-r14 and maxMCS-PSSCH-r14 to indicate two different MCS ranges which respectively correspond to Rel-14 MCS table and Rel-15 MCS table, since in this way the UE cannot distinguish whether to read them as per Rel-14 or Rel-15 MCS tables. To this end, it is necessary for the eNB to indicate the pool(s) that actually support 64QAM (and thus the new Rel-15 MCS table), so that the Rel-15 UEs can be clear about which pools are actually supporting 64QAM and thus avoid misusing of it.
Regarding Tx diversity, same things holds as described for 64QAM, i.e. the pool that support Tx diversity on the corresponding carrier, can be indicated by the eNB, in order for a clear understanding for the Rel-15 UEs. 
Based on above consideration, therefore, we propose that the Tx pools supporting 64QAM and/or Tx diversity can be indicated via (pre)configuration; Rel-15 UEs are only allowed to employ 64QAM and/or Tx diversity in the pools that actually support them (e.g. pools over non-safety carriers).
Proposal 2:The Tx pools which can support 64QAM (and the new MCS table) and/or Tx diversity can be indicated via (pre)configuration; Rel-15 Tx UEs can only employ 64QAM and/or Tx diversity  in the Tx pools actually supporting them (e.g. pools on non-safety carriers).
· Issue 2: when to use 64 QAM and Tx diversity from the UE perspective
This issue is mainly related to which factors actually cause the UE to use 64QAM and/or Tx diversity, if the UE is (pre)configured with some resource pools (on the corresponding carriers) by the NW. In our understanding, whether to deploy them or not should take both the service type and the wireless environment into account, and this means all these factors, including Destination ID (reflects the service type), data rate requirement, transmission range, buffer status, UE speed, applicable frequencies, channel quality, etc., need to be considered by the UE. As a result, we can hardly expect a uniform and flexible mechanism that can cover every factor as aforementioned, considering these many factors to be involved. In order to minimum the specification impact and provide more flexibility, when to select 64 QAM and/or Tx diversity is suggest to up to UE/network implementation.
Proposal 3: Whether/when the UE selects and uses 64QAM and/or Tx diversity in a pool supporting them is up to UE/network implementation.
3 Conclusion

In this contribution, we analyse the coexistence issue between Rel-15 UEs and Rel-14 UEs to support the new features like 64 QAM and Tx diversity and provide the potential solutions, the observations and proposals are: 

Observation 1: The enhancement of 64QAM and Tx diversity should be employed to support the advanced V2X services in Rel-15 eV2X. By contrast, due to the backward compatibility issue and relatively loose requirements, the basic safety V2X services (e.g. CAM/DENM) which are already supported by Rel-14 V2X shall/need not be transmitted using 64QAM and Tx diversity.
Proposal 1: 64QAM and Tx diversity shall not be allowed on the frequencies used for safety-related V2X services, in order to avoid backward incompatibility that makes Rel-14 UEs unable to decode safety-related V2X messages.
Proposal 2:The Tx pools which can support 64QAM (and the new MCS table) and/or Tx diversity can be indicated via (pre)configuration; Rel-15 Tx UEs can only employ 64QAM and/or Tx diversity  in the Tx pools actually supporting them (e.g. pools on non-safety carriers).
Proposal 3: Whether/when the UE selects and uses 64QAM and/or Tx diversity in a pool supporting them is up to UE/network implementation.
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