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Introduction
One of the objectives of the “V2X phase 2 based on LTE” work item ‎[1] deals with support of higher order modulation (64QAM ) on the V2X sidelink:
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]
…
b)      64QAM;

In this contribution we discuss some aspects of 64QAM support. 
We start by listing the relevant existing agreements.
At RAN1 #90 the following was agreed ‎[2]:

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

Conclusion:  further discuss rate-matching at RAN1#90b

Conclusion: further discuss at RAN1#90b if a solution needs to be specified for the radio layer to recognize whether or not the use of 64 QAM is allowed




Discussion 

MCS Table(s)/TBS Scaling
One problem with the current MCS table is that its application can lead to an effective coding rate exceeding 0.932 or even 1 for some MCS values, so that these MCS values are unusable with single PSSCH transmission. The cause is that the table was designed for PUSCH; for PSSCH the overhead is considerably higher than for PUSCH (double the number of DMRS symbol, last symbol punctured for TX/RX turnaround, first symbol may be unusable due to AGC), leading to a correspondingly higher effective code rate.
Several alternatives have been proposed to deal with this problem:

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

Option 3 does not address the problem at all, so will not be further considered here. Comparing options 1 and 2, the benefit of option 2 is that the modified table can be designed such that spectral efficiency is a strictly monotonic (strictly increasing) function of MCS index; this in turn means that a range of MCS, as used in (pre)configured TX parameters for speed-dependent behaviour and for congestion control, is equivalent to a corresponding range of spectral efficiency.
[bookmark: P_MCS]Proposal 1: Select option 2 (Introduce a modified MCS table for Rel-15 V2X UE).

Signalling
When legacy Rel-14 UEs evaluate the MCS field in SCI format 1 they interpret even those MCS index values which correspond to 64QAM (MCS index in the range [ 21, 28 ]) as indicating 16QAM; from TS 36.213 14.1.1:




-	the modulation order is determined using the "modulation and coding scheme " field () in SCI format 1. For, the modulation order is set to , where is determined from Table 8.6.1-1.
It is hence helpful for a Rel-15 UE which receives SCI format 1 to be able to explicitly distinguish between SCI format 1 transmitted by a legacy UE (which cannot indicate 64QAM) and SCI format 1 indicating 64QAM. Moreover, if different MCS tables and/or different TBS scaling is used then explicit indication in SCI format 1 will help the Rel-15 UE decide which table/scaling to use. Alternatively, the Rel-15 UE could attempt blindly decoding the PSSCH using the multiple possible interpretations of the MCS field; however, since spare bits are available in SCI format 1 it is preferable to provide for explicit indication.
The following working assumption was made at the previous meeting:
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


[bookmark: P_Signalling]Proposal 2: Confirm the working assumption on signalling.

Whether the use of 64QAM is allowed
At the previous meeting the following conclusion was reached:
Conclusion: further discuss at RAN1#90b if a solution needs to be specified for the radio layer to recognize whether or not the use of 64 QAM is allowed

There are situations when it does not make sense to transmit using 64QAM; e.g. if the intended recipients do not support 64QAM, or if the relative speed between transmitting and receiving vehicle is high.
The radio layer has no information about the capabilities of the intended recipients of a message; in some cases, the higher layers may have information about the capabilities of all the intended recipients, e.g. 
· intra-platoon messaging, where the vehicles may exchange capability information when forming the platoon; or
· when it is known that only 64QAM-capable UEs have been approved by regulatory authorities.

It follows that information from higher layers to the radio layer is needed to assist with the selection of the modulation order.
Regarding relative velocity, the radio layer does not know relative velocity; it is assumed to know the own vehicle’s absolute velocity (required for velocity-dependent transmit parameter settings supported since Rel-14), but it does not know the velocities of the intended recipients. Here again, the higher layers may have the relevant information; e.g. for intra-platoon messaging it can be assumed that the relative velocities are low.

[bookmark: O_Higher]Observation 1: The determination if use of 64QAM is allowed depends mainly on information from higher layers.



Conclusions
In this contribution we discussed aspects of 64QAM and make the following proposals:

Proposal 1: Select option 2 (Introduce a modified MCS table for Rel-15 V2X UE).
Proposal 2: Confirm the working assumption on signalling.
Observation 1: The determination if use of 64QAM is allowed depends mainly on information from higher layers.
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