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Introduction
The WID [1] agreed by RAN plenary, has the following objective:
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 present our views on the specification of 64QAM modulation for sidelink communications. We discuss a), c), and d) in [3], [4], and [5], respectively.
In order to provide higher data rates within a given transmission bandwidth one can use higher-order modulation, though this higher spectral efficiency comes at the cost of reduced robustness to noise and interference. Rel-14 PC5 allows only for QPSK and 16QAM [2]. However, Rel-15 PC5 UEs should support up to 64QAM. 
Considerations on 64QAM for sidelink communications 
Higher modulation operation for sidelink communications can be used to attain higher spectral efficiency, e.g. in situations with good channel quality. Broadcast scenarios (i.e., not unicast physical layer) that can benefit from this are those that require high bit rates and where potential trade-off between higher MCS scheme and lower coverage is affordable. Use cases that motivate higher order modulation are, for example:
· Platooning and see-through use cases – where e.g. short amount of times can be used (e.g. once every 100 ms),
· Safety applications – where also longer time periods can be considered.
In the current specification, the MCS value used for transmission of PSSCH is chosen by the UE within certain limits set by the pool configuration (based on speed, synchronization, etc.) and the congestion control procedures (based on CBR, CR, etc.). Before extending this framework to 64QAM, RAN1 should assess the performance in terms of speed, range, reliability, etc.
Proposal 1: 
· RAN1 to study the performance of 64QAM under existing assumptions, including the specific pool configuration characteristic and congestion control procedures.
Introduction of support for 64QAM 
To introduce support for 64QAM, the following issues need to be considered:
· Signaling aspects.
· Receiver requirements.
Signaling aspects
According to the existing specification, 5 bits are used for transmission of MCS index in SCI. However, only the combinations up to 16QAM are allowed
Proposal 2: 
· The MCS field in the SCI is used also for 64QAM.
The subframe structure used for V2X transmission includes some important changes with respect to the subframe structure used in UL. For example:
· The first OFDM symbol may be used to settle the AGC for modulations up to 16QAM. Larger values for 64QAM have been discussed in the past. 
· The number of OFDM symbols use for DMRS is 4.
· The last symbol is not transmitted (GP).
The overhead associated with these symbols results in an increase of coding rate.  As a consequence, for 64QAM some TBS values are associated with coding rates above 0.93 or even 1. We believe that it would be best to revise these assumptions, possibly in coordination with other groups, to reduce the loss in coding rate. In any case, RAN1 has to define a new table of TBS values.
Observation 1: 
· For 64QAM, the resulting code rate may exceed 0.93 or even 1 for some entries in the TBS table.
Proposal 3: 
· RAN1 to assume that at most 1 OFDM symbol is used for settling the AGC.
· Send an LS to RAN4.
· RAN1 to introduce a new TBS table for 64QAM (Details FFS).
Receiver requirements
The current specification captures the minimum decoding requirements for a UE under the assumption that only QPSK and 16QAM are supported.
Proposal 4: 
· RAN1 to revise the minimum decoding requirements. 
Simulation assumptions
For evaluating the performance of 64-QAM, we propose to re-utilize the existing simulation assumptions. However, we think that 64-QAM does not target the highest relative mobility use cases (autobahn, etc.). On the contrary, we believe that 64-QAM will most likely be used in low relative mobility scenarios (platooning, see through, bird’s eye). For this reason, we propose to restrict the simulation parameters as specified in Table 1.
[bookmark: _Ref481672937]Table 1. Additional link-level simulation assumptions.
	Parameter
	Value

	Absolute speed
	15, 60 km/h

	Coding rate
	1/2 (other rates may be considered to adapt TBS table)


Given that RAN has tasked RAN1 with specifying support for 64-QAM, we do not see any value in performing system-level evaluations.
Observation 2:
· System-level evaluations are not necessary to specify 64-QAM.
 Proposal 5:
· Only link-level evaluations are considered.
· For link-level simulations, existing simulation assumptions together with Table 1 are used.

Conclusion 
In this paper we have discussed the introduction of support for 64QAM for V2X. We have observed and proposed the following:
Proposal 1: 
· RAN1 to study the performance of 64QAM under existing assumptions, including the specific pool configuration characteristic and congestion control procedures.
Proposal 2: 
· The MCS field in the SCI is used also for 64QAM.
Observation 1: 
· For 64QAM, the resulting code rate may exceed 0.93 or even 1 for some entries in the TBS table.
Proposal 3: 
· RAN1 to assume that at most 1 OFDM symbol is used for settling the AGC.
· Send an LS to RAN4.
· RAN1 to introduce a new TBS table for 64QAM (Details FFS).
Proposal 4: 
· RAN1 to revise the minimum decoding requirements. 
Observation 2:
· System-level evaluations are not necessary to specify 64-QAM.
 Proposal 5:
· Only link-level evaluations are considered.
· For link-level simulations, existing simulation assumptions together with Table 1 are used. 
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