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[bookmark: _Ref493611312]Introduction
[bookmark: _GoBack]In RAN1#90, the following was agreed and concluded:
	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


In this contribution present our views on the specification of 64QAM modulation for sidelink communications. First we discuss the overhead in Release 14, followed by our proposal for the introduction of support for 64QAM in Release 15. We also discuss the need of signalling indicating whether the use of 64QAM is allowed or not. The last section deals with simulation assumtpions.
Overhead in Release 14
The Rel-14 PC5 makes use of the TBS and MCS tables specified for LTE UL. However, the subframe structure used for V2X transmissions include some important changes with respect to the UL subframe structure, which include:
· The first OFDM symbol is used to settle the AGC. 
· The number of OFDM symbols use for DMRS is higher (i.e., 4 symbols).
· The last symbol is not transmitted (i.e., GP).

Compared to UL subframe, Rel-14 V2X subframe has fewer resource elements for data symbols due to higher overhead for DMRS and GP. 
The overhead associated with these non-data symbols results in an increase of code rate. Thus, some of the TBS values for 16QAM (as specified in Rel-14 for UL) and 64QAM (following the UL mapping of modulations) are associated with code rates above 0.93 or even 1. 
Using 64QAM for V2X may result in code rates that exceed 0.93 or even 1 for some entries in the current TBS table.
Introduction of support for 64QAM 
In this section, we discuss several aspects related to the introduction of support for 64QAM in Release 15. First we discussed the issue of legacy receivers, followed by our proposed changes to the physical layer processing of the transport block. Finally, we discuss the corresponding receiver requirements.
[bookmark: _Ref493594629]Transmission to legacy receivers
To allow for communication with Rel-14 UEs, it is important that Rel-15 UEs have the possibility of selecting TBS/MCS values that are understood by legacy receivers, for example when transmitting safety packets, which are expected to be received by all UEs regardless of their release. This may be achieved in two different ways:
· If new MCS/TBS tables are introduced, keeping the old tables too and allowing the UE to select them.
· If the existing MCS/TBS tables are modified, ensuring that some of the existing combinations still exist.
LTE V2X was designed in Rel-14 as a broadcast system. In our opinion, the enhancements in Rel-15 should follow the same philosophy. That is, the design should aim at full backwards compatibility whenever possible. Consequently, we believe that when lower order modulations are selected (QPSK, 16QAM), the same MCS/TBS values should be used by Rel-14 and Rel-15 UEs. There are however, a few MCS/TBS configurations that with problems [3]:
· For IMCS = 10 (QPSK configuration with highest coding rate) and some bandwidth allocations, decoding leads to errors with single transmission. 
· For IMCS = 18-20 (16QAM configurations with highest coding rates) most bandwidth allocations lead to decoding errors with single transmission.
· In addition, IMCS ≥ 21 originally used 64QAM in UL but this was changed to 16QAM in SL. These values can only be used with multiple transmissions.
Note also that it is desirable that the highest mandatory supported bitrate (i.e., maximum number of TB bits received per TTI and maximum TB size) in Rel-14 can also be used between Rel-15 and Rel-14.
To simplify the design of receivers as well as the specification, it is desirable that the same transmission format is used by Rel-14 and Rel-15 UEs for lower order modulations.
The highest mandatory supported bitrate between Rel-15 and Rel-14 UEs should be the same as between Rel-14 UEs.
In view of all these observations, we propose the following:
For at least IMCS ≤ 17, modulation scheme and TBS are the same for Release 14 and Release 15.
Changes to GP
As we have discussed in Section 3.1, it is desirable to ensure that Rel-15 transmissions are decodable by legacy UEs whenever possible. Following this principle, we propose to maintain the legacy behavior for the GP symbol.
Release 15 uses puncturing of the symbols in the GP.
Changes to TBS/MCS tables
As we discussed above, changes to the specification for IMCS = 18-20 are desirable. In addition, a proper behavior for IMCS values corresponding to 64QAM should be introduced. There are two possible alternatives:
· Scale the values in the TBS table for IMCS ≥ 18 to ensure that the resulting coding rate is low enough (i.e., smaller than 0.931).
· Change the modulation switching point (16QAM-64QAM) from IMCS = 21 to IMCS = 18.
With an appropriate scaling, the first approach ensures that all MCS values with IMCS ≥ 18 have a sufficiently low coding rate. However, as pointed out in [3] the resulting spectral efficiency is not monotonic of the MCS value. 
Appropriate coding rates can be obtained by simply scaling down the TBS values for 64QAM. 
Changing the modulation switching point preserves the monotonic behavior of the spectral efficiency. However, it does not solve the decoding issues, it merely shifts the problem from 16QAM to 64 QAM.
Changing only the MCS table removes the existing issue only partially. 
We note that a combination of both approaches solves both problems. This is a combination of Options 1a and 2 in Section 1.
Change the modulation switching point (16QAM – 64QAM) from IMCS = 21 to IMCS = 18.
Scale TBS values for IMCS ≥ 18 (scaling FFS).
Receiver requirements
The current Rel. 14 specification captures the minimum decoding requirements for a UE under the assumption that only QPSK and 16QAM are supported.
RAN1 to revise the minimum decoding requirements, including soft buffer size and maximum number of transport block bits per TTI, etc.
To conclude this section, we propose informing RAN2 of the changes and requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on speed and synchronization.
Send an LS to RAN2 requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on speed and synchronization.
Other signalling aspects
During RAN1#90 there was a discussion on the need to specify a mechanism to allow the radio layer to recognize if the use of 64QAM is allowed. In our understanding: 
· Higher layers (RAN2) are aware of the service associated with a packet (through L2 destination id).
· Higher layers (RAN2) select carrier, pool, transmission parameters, etc. that are compatible with the service associated with the packet. For example, higher layers would not select 64QAM for a service that should be received by Rel-14 UEs (e.g., safety).
· The PHY layer encodes the TB using the parameters received from higher layers and transmits the packet on the carrier selected by higher layer.
This means that PHY is unaware of the mapping between services, releases, carriers, and pools but this is unimportant. PHY receives from higher layer all the information it requires to perform its duties. 
No mechanism is introduced to allow the radio layer to recognize if the use of 64 QAM is allowed.
Simulation assumptions
For evaluating the performance of 64-QAM, we propose to reuse the existing simulation assumptions. However, we think that 64-QAM does not target the highest relative mobility use cases (motorway, etc.). On the contrary, we believe that 64-QAM will most likely be used in low relative mobility scenarios (platooning, see through, etc.). For this reason, we propose to restrict the simulation parameters as specified in .
[bookmark: _Ref493669708]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 already tasked RAN1 with specifying support for 64-QAM, we do not see any value in performing system-level evaluations.
Only link-level evaluations are considered using existing simulation assumptions together with the parameters in Table 1.
Conclusion 
In this paper, we have discussed the introduction of support for 64QAM for V2X and observed the following:
1. Compared to UL subframe, Rel-14 V2X subframe has fewer resource elements for data symbols due to higher overhead for DMRS and GP. 
Using 64QAM for V2X may result in code rates that exceed 0.93 or even 1 for some entries in the current TBS table.
To simplify the design of receivers as well as the specification, it is desirable that the same transmission format is used by Rel-14 and Rel-15 UEs for lower order modulations.
The highest mandatory supported bitrate between Rel-15 and Rel-14 UEs should be the same as between Rel-14 UEs.
Appropriate coding rates can be obtained by simply scaling down the TBS values for 64QAM. 
Changing only the MCS table removes the existing issue only partially. 
Based on the discussion, we propose the following:
1. 	For at least IMCS ≤ 17, modulation scheme and TBS are the same for Release 14 and Release 15.
Release 15 uses puncturing of the symbols in the GP.
Change the modulation switching point (16QAM – 64QAM) from IMCS = 21 to IMCS = 18.
Scale TBS values for IMCS ≥ 18 (scaling FFS).
RAN1 to revise the minimum decoding requirements, including soft buffer size and maximum number of transport block bits per TTI, etc.
Send an LS to RAN2 requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on speed and synchronization.
No mechanism is introduced to allow the radio layer to recognize if the use of 64 QAM is allowed.
Only link-level evaluations are considered using existing simulation assumptions together with the parameters in Table 1.
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