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Introduction
In the RAN1#90 meeting [1] of eV2X, the following agreements and working assumption were achieved for supporting 64QAM modulation scheme.
	[bookmark: _GoBack]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

Agreement: send LS to RAN4 to ask whether psd boosting for PSCCH when associated PSSCH used 64 QAM is feasible, and if yes, up to what level 
R1-1715209	[Draft] LS on PSCCH PSD boosting with 64 QAM PSSCH	LG Electronics
Agreed in R1-1715284



Furthermore, other schemes (e.g. rate-matching and recognition of 64QAM) could be also discussed in the following meeting.
	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, we will further discuss about the remaining issues of 64QAM modulation scheme in eV2X.
Discussion
For the Rel-14 LTE-based V2X [2], a 5 bits field in SCI format 1 for modulation and coding scheme has been defined. However, currently in the specification, a limitation condition has been set to restrict supporting higher modulation scheme (i.e. 64QAM) even the MCS field in SA already has the capability. There is no necessary to introduce any other changes (e.g. extension) to the 5 bits field in SA to support 64QAM scheme as long as the limitation is released. From the simplest perspective, we have the following proposal:
Proposal 1: In current SCI format 1, the 5-bit MCS field is not necessary to be changed to support 64QAM.
Since the Rel-15 UEs can exist without impact on legacy UEs in the same pool, the legacy SCI format 1 can be used. However, Rel-14 UEs cannot recognize Rel-15 UEs with 64QAM modulation, which may lead to decoding failure. In order to compatible with Rel-14 UEs, the reserved bits in SCI format 1 can be applied to differentiate Rel-15 UEs and Rel-14 UEs, and it can be also used to indicate the Rel-15 UEs new features information, such as 64QAM modulation.
Proposal 2: The reserved bits in SCI format 1 can be used to indicate the Rel-15 UEs’ additional information for compatible with Rel-14 UEs.
Within a PSSCH subframe, 8 out of 14 SC-FDMA symbols are available for decoding, while in the rest symbols 4 for DMRS, 1 for Automatic Gain Control (AGC) and 1 for GP. For single transmission of V2X PSSCH with 64QAM modulation, some of the existing MCS (24~28) with relative TB size will suffer from high code rate (higher than 0.93), which may lead to UE decoding failure. 
In order to solve the issue of high coding rate, several methods were proposed in last meeting for further down selection, which includes scaling of TBS table, introducing modified MCS table and applying existing MCS table without TBS scaling. Both TBS scaling (Option1) and modified MCS table (Option2) can degrade the code rate, which can improve the successful decoding probability for the first transmission, which can provide potential benefits only for the TB with single transmission. If a TB is transmitted with re-transmission, the performance gain of option 1 or option 2 is margin comparing with option 3(Use existing MCS table with no TBS scaling). 
With the consideration of only broadcast and multicast supported in Rel-15, if 64QAM with high coding rate(close to 0.93) is performed, a TB is likely to transmit with re-transmission. Therefore,   from the transmitter aspects, there is no difference among three options. From the receiver aspects, the only difference between option 1/option 2 and option 3 is that option 1 and option 2 can provide some opportunity to decode successfully with initial transmission, then the reception UE needn’t perform the decoding operation for the re-transmission, which can potentially save the power consumption. Furthernore, both option1 and option 2 introduces extra standardization effort..
Based on comparison and analysis, option 1 and option 2 can save little power potentially, but introducing extra standardization effort. So the most proper way is to apply the existing MCS table with no TBS scaling to support 64QAM modulation.
Proposal 3: Use existing MCS table with no TBS scaling to support 64QAM modulation scheme.
Under current RE mapping and symbols puncturing scheme, REs in the first and the last SC-FDMA symbols within a PSSCH subframe are counted in resource mapping process; however, the first symbol is normally used for AGC, and the last symbol is used as a GP that is not transmitted. Therefore, the encoded bits mapped on the REs in the first and last symbols are not available for decoding, which leads to performance degradation. Based on the simulation and analysis in [3][4], puncturing of the last symbol causes decoding error for some TBS/MCS configurations even the code rate is lower than 0.931, and error floor was observed in the simulation results. To solve this issue, it was proposed to not count the REs in the last SC-FDMA symbol in the mapping process, which applies rate-matching to replace puncturing. Thus, there will not be information loss of TB or CRC bits in the last symbol when processing decoding, except the potentially mapped REs in the first symbol. Furthermore, the decoding failure caused by puncturing scheme is observed in PSSCH but not PSCCH. In order to have a consistency, rate-matching could be applied for both PSCCH and PSSCH.
Proposal 4: Rate-matching can be applied to improve the decoding capability for PSSCH.
Proposal 5: Rate-matching can be applied for both PSSCH and PSCCH.
In the current specification, a lookup table is defined by higher layer based on CBR range and PPPP in order to facilitate CBR measurement and adjust transmission parameters which includes range of PSSCH subchannel number, range of MCS, etc. According to different traffic priority and CBR range measured by physical layer, the transmission parameters can be configured from the pre-defined table. Furthermore, based on different synchronization sources (GNSS or Base Station) and relative speed, the UE can be configured with transmission parameters including the range of MCS, the range of PSSCH subchannel number as well as the range of retransmission. From the simulation and analysis in [5], high relative speed (e.g. ＞120km/h) will have significant impact on 64QAM modulation scheme. Therefore, by considering the above analysis, the current mechanism can support to determine the transmission parameters including range of MCS. No more new scheme is needed to determine whether the use of 64QAM is allowed or not.
Proposal 6: No extra scheme is needed for current radio layer to recognize whether the use of 64QAM is allowed or not.
Conclusion
In this contribution, further discussion and analysis based on the agreements in the last meeting were given, and this contribution provides the following observation and proposal:
Proposal 1: In current SCI format 1, the 5-bit MCS field is not necessary to be changed to support 64QAM.
Proposal 2: The reserved bits in SCI format 1 can be used to indicate the Rel-15 UEs’ additional information for compatible with Rel-14 UEs.
Proposal 3: Use existing MCS table with no TBS scaling to support 64QAM modulation scheme.
Proposal 4: Rate-matching can be applied to improve the decoding capability for PSSCH.
Proposal 5: Rate-matching can be applied for both PSSCH and PSCCH.
Proposal 6: No extra scheme is needed for current radio layer to recognize whether the use of 64QAM is allowed or not.
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