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Discussion and Decision
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).

According to the recent progress of this WI, new Tx features, such as PC5 data duplication and split via PC5 CA, Tx diversity and 64QAM, are to be supported for Rel-15 V2X communication. Considering both Rel-14 and Rel-15 V2X UEs may coexist in a V2X communication system, the backward compatibility issue between Rel-15 V2X UEs and Rel-14 UEs needs to be investigated. In this contribution, we will discuss some potential coexistence issues between Rel-14 and Rel-15 V2X UEs.

2 Discussion
2.1 Potential compatibility issues
Issues on using new Rel-15 MCS/TBS tables

Generally speaking, Rel-15 UE shall be capable of V2X sidelink communication using Rel-14 format or using Rel-15 format. Obviously, Rel-14 UE’s transmission can be successfully received by Rel-15 UEs. On the other hand, Rel-15 UE’s transmission using Rel-14 format can be successfully received by Rel-15 UE. However, it is doubtful whether Rel-15 UE’s transmission using Rel-15 format could be successfully received by Rel-14 UE. 

As agreed in RAN1, for PSSCH, rate-matching is applied over the last symbol for all MCS in Rel-15 while puncturing is applied for the last symbol of PSSCH in Rel-14. In addition, a modified MCS table with TBS scaling shall be applied for Rel-15. Therefore, Rel-14 UE cannot successfully decode the PSSCH transmission by Rel-15 UE using Rel-15 format with new MCS/TBS tables, irrespective of which modulation and coding scheme is used (not only for 64QAM but also 16QAM and QPSK). Therefore, when communicating with Rel-14 UEs, the transmitting Rel-15 UE shall not use 64QAM and shall fall back to use Rel-14 format with legacy MCS/TBS tables for sidelink transmission. 
	RAN1#90bis 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.
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.

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.


Observation 1: Irrespective of which modulation and coding scheme is used (not only for 64QAM but also 16QAM and QPSK), Rel-15 UE transmission using Rel-15 format with new MCS/TBS tables cannot be successfully received/decoded by Rel-14 UEs using legacy MCS/TBS tables.

Proposal 1: When communicating with Rel-14 UEs, the transmitting Rel-15 UE shall not use 64QAM and shall fall back to use Rel-14 format with legacy MCS/TBS tables for sidelink transmission.
For Rel-15 UE, it was agreed that the use of Rel-15 format will be signaled in the SCI whereas the signaling details are FFS yet. Since Rel-15 SCI is based on Rel-14 SCI format, the new indication of Rel-15 format may be added in the reserved bits of Rel-14 SCI. Thus, the Rel-15 UE SCI may be partly identified by Rel-14 UEs except for the ‘reserved bits’, i.e. the new Rel-15 format indications added in the SCI. Then the Rel-14 UE may try to receive/decode PSSCH transmissions as indicated in Rel-15 UE SCI and it would be failed in decoding due to the rate-matching issue. As we can see, unnecessary amount of decoding work is done by Rel-14 UEs. In order to avoid this unnecessary decoding of Rel-14 UEs, it is suggested that Rel-14 UEs be enhanced to read the new Rel-15 format indication in Rel-15 SCI. Specifically, if a Rel-14 UE reads the Rel-15 format indication in SCI, it does not try to decode corresponding PSSCH transmission anymore.

Observation 2: The use of Rel-15 format shall be signaled in the SCI. However, the Rel-14 UE may not read this indication and try to decode PSSCH transmission as indicated in Rel-15 UE SCI, which is destined to be a failure due to the rate-matching issue.

Proposal 2: In order to avoid unnecessary decoding work by Rel-14 UEs, it is suggested that Rel-14 UEs be enhanced to read the new indication of Rel-15 format indication in Rel-15 SCI.
Issues on transmit diversity
As stated in RAN1 agreements, when communicating with Rel-14 UEs, Rel-15 UEs shall not use non-transparent transmit diversity as shown below.
	RAN1#90 Agreements:

Non-transparent Transmit diversity is not used in the following cases:

When communicating with Rel-14 UEs 
When there is a high probability of resource collision with Rel-14 UE  


Observation 3: Non-transparent transmit diversity could not be used by Rel-15 UE when communicating with Rel-14 UE.
Issues on using PC5 data duplication

PC5 data duplication is agreed to be supported in this WI. PC5 packet duplication is anchored at PDCP and duplicated sidelink PDCP PDUs are delivered to two different RLC entities and associated with two different sidelink logical channels. In receiving side, the two associated logical channels/RLC entities deliver RLC SDUs to the same PDCP entity and then reordering and duplicate detection/discarding are performed in the PDCP entity. For a Rel-14 receiving UE, it would fail in decoding the Rel-15 UE’s duplication data using Rel-15 MCS/TBS table. Even if Rel-14 format are used by Rel-15 UE, the Rel-14 receiving UE cannot recognize which two logical channels/RLC entities are associated with the same PDCP entity, so that two PDCP entities are generated corresponding to the two RLC entities separately as legacy. Since independent processing in the two PDCP entities, a lot of duplicated packets may be delivered to the upper layer. Therefore, when communicating with Rel-14 UEs, Rel-15 UE shall disable PC5 data duplication.

Observation 4: When communicating with Rel-14 UEs, Rel-15 UE shall disable PC5 data duplication.
2.2 Design considerations for coexistence

Decision on Transmission format and Tx features 

As stated in RAN1 agreements, when communicating with Rel-14 UEs, Rel-15 UEs shall use Rel-14 format and shall not use non-transparent transmit diversity and PC5 data duplication. Here, whether Rel-14 or Rel-15 format shall be used needs to be decided by Rel-15 UE first. One potential way is based on the service type of the V2X traffic to be transmitted. That is, if the V2X messages need to be received by Rel-14 UEs, or to say, the service type of the V2X messages is supported by Rel-14, the transmitting Rel-15 UE should use Rel-14 format for its sidelink communication. Otherwise, the Rel-15 format may be considered. Therefore, each V2X service type shall be related to one or more release version (Rel-14, Rel-15 or other else) and the mapping relationship should be (pre)configured to UE. The definition of the mapping between V2X service types and release version is beyond RAN2 scope. 

Proposal 3: In order for the Rel-15 UE to decide which transmission format to use, it is suggested that each V2X service type be related to one or more release version and the mapping relationship should be (pre)configured to UE.

With the (pre)configured mapping relationship of V2X service types and release versions, UE upper layer can provide per packet/service type release version information to AS layer. Then UE AS layer decides the transmission format and Tx features (such as 64QAM/modulation order, Tx diversity, PC5 data duplication/split) based on the release version information and requirements (such as transmission range, data rate, reliability and so on) and AS level information such as resource utilization, probability of resource collision with Rel-14 UEs, channel quality and so on. If Rel-14 format is decided to be used, these new Tx features shall not be used. These new Tx features may be decided to be used only when Rel-15 format is used.

Proposal 4: It is suggested per packet/service type release version information is provided by UE upper layer to AS layer, and UE AS layer decides the transmission format and Tx features being used.

For eNB scheduled resource allocation, to assist eNB configuring proper transmission parameters, UE should report its UE capabilities (such as whether to support Rel-15 format/64QAM/Tx diversity/PC5 data duplication/PC5 data split and so on) as well as the service type and/or release version information of the V2X traffic to be transmitted to eNB. For instance, UE reports to eNB it does not support 64QAM in UE capability signalling and informs eNB the V2X traffic to be transmitted is Rel-15 only service type, then eNB can configure MCS/transmission format for the UE considering these information.

Proposal 5: To assist eNB configuring proper transmission parameters in eNB scheduled resource allocation, UE could report its UE capabilities as well as the service type/release version information of the V2X traffic to be transmitted to eNB.
In addition to the service type and release version mapping, another potential way is capability negotiation between UE. For example, the transmitting UE may acquire transmission capabilities of surrounding UEs and decide the transmission format and Tx features to be used. However, this solution looks good but in fact not feasible. For the Rel-15 UE who broadcast its capability information to surrounding UEs, only the Rel-15 capable UE could successfully receive the capability information. For the Rel-14 capable UE, it is not able to understand the capability information transmitted by Rel-15 UE. On the other hand, legacy Rel-14 capable UE does not support the capability information broadcast to nearby UEs. Hence, it is hard for the Rel-15 UE to know the existence of nearby legacy Rel-14 UEs. 
Observation 5: Legacy Rel-14 UE does not support the transmission of capability information. So it is hard for the Rel-15 UE to know the existence of nearby legacy Rel-14 UEs. In addition, the capability information transmitted by the Rel-15 UE could not be understood by Rel-14 UE without enhancement. 
3 Conclusion

In this contribution, we discussed some potential issues on backward compatibility in the coexistence scenario of Rel-14 and Rel-15 V2X UEs. And we have the following observations and proposals:
Observation 1: Irrespective of which modulation and coding scheme is used (not only for 64QAM but also 16QAM and QPSK), Rel-15 UE transmission using Rel-15 format with new MCS/TBS tables cannot be successfully received/decoded by Rel-14 UEs using legacy MCS/TBS tables.

Proposal 1: When communicating with Rel-14 UEs, the transmitting Rel-15 UE shall not use 64QAM and shall fall back to use Rel-14 format with legacy MCS/TBS tables for sidelink transmission.
Observation 2: The use of Rel-15 format shall be signaled in the SCI. However, the Rel-14 UE may not read this indication and try to decode PSSCH transmission as indicated in Rel-15 UE SCI, which is destined to be a failure due to the rate-matching issue.

Proposal 2: In order to avoid unnecessary decoding work by Rel-14 UEs, it is suggested that Rel-14 UEs be enhanced to read the new indication of Rel-15 format indication in Rel-15 SCI.
Observation 3: Non-transparent transmit diversity could not be used by Rel-15 UE when communicating with Rel-14 UE.
Observation 4: When communicating with Rel-14 UEs, Rel-15 UE shall disable PC5 data duplication.
Proposal 3: In order for the Rel-15 UE to decide which transmission format to use, it is suggested that each V2X service type be related to one or more release version and the mapping relationship should be (pre)configured to UE.

Proposal 4: It is suggested per packet/service type release version information is provided by UE upper layer to AS layer, and UE AS layer decides the transmission format and Tx features being used.

Proposal 5: To assist eNB configuring proper transmission parameters in eNB scheduled resource allocation, UE could report its UE capabilities as well as the service type/release version information of the V2X traffic to be transmitted to eNB.
Observation 5: Legacy Rel-14 UE does not support the transmission of capability information. So it is hard for the Rel-15 UE to know the existence of nearby legacy Rel-14 UEs. In addition, the capability information transmitted by the Rel-15 UE could not be understood by Rel-14 UE without enhancement.
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