
3GPP TSG RAN WG1 Meeting #90bis                                            
R1-1718038
Prague, CZ, 9th – 13th, October 2017
Source:
OPPO
Title:
64QAM support for eV2X
Agenda Item:
6.2.3.2
Document for:
Discussion and Decision

1. Introduction

A new work item for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886 was approved in RAN plenary #75. The following topics are part of the detailed objectives of this work item [1]:

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 RAN1 #90 meeting, the following working assumption and agreements were achieved [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
In this contribution, we discuss how to support 64QAM for eV2X and down select from the candidate options. 
2. Discussion
2.1. TBS/MCS table to support 64QAM

The TBS table defined in LTE is re-used for LTE-V2X. Compared to LTE UL, there is more resource overhead in LTE-V2X. 
· More DMRS symbols in LTE-V2X: there are 4 DMRS symbols in LTE-V2X which are not used for data transmission

· AGC and GP symbol in LTE-V2X: the first symbol is used as AGC and the last symbol is used as GP. At the transmitter, the coded bits are mapped onto data symbol, AGC symbol and GP symbol. But the data on GP symbol is not transmitted. At receiver, the data on AGC symbol is not used for demodulation. That will result in higher effective coding rate. 

As a result, some of the TBS values for 16QAM and 64 QAM results in coding rate higher than 0.93 which cannot be correctly decoded by receiver. The coding rate for MCS index of 64 QAM is shown in Table 1.
Table 1. Channel coding rate of the MCS types with 64QAM 20PRB for single transmission
	
	MCS=21
	MCS=22
	MCS=23
	MCS=24
	MCS=25
	MCS=26
	MCS=27
	MCS=28

	Code rate
	0.74
	0.80
	0.86
	0.93
	1.00
	1.06
	1.10
	1.28


Observation 1: Some TBS values for 16QAM and 64QAM will result in coding rate higher than 0.93 for LTE-V2X because of more resource overhead.

Furthermore, some TBS values in existing TBS table will result in poor demodulation performance. Some link level simulation have been done in [3] and the results show that some particular TBS values in the TBS table can result in poor performance. That is because that the coded bits are mapped to all data symbols including the first symbol used for AGC and the last symbol used for GP. While the data on the first and last symbol are punctured and not used for demodulation. Some consecutive information bits will be punctured at receiver which can be hardly recovered by decoder. The similar phenomenon has been encountered in PSBCH design. 
Observation 2: Some TBS values of QPSK and 16QAM in existing TBS table will result in poor demodulation performance
There are four options listed in last meeting to support 64QAM in eV2X. We will analyze which one is more preferred. 
· Option 1: Use existing MCS table with TBS scaling
· Option 1a: with scaling for 64-QAM only
If existing MCS table with scaling for 64QAM only is applied, the effective coding rate of 64QAM can be lower than 0.93 by properly selection of scaling factor. But the problem of observation 2 does exist. If some UE happens to select specific TBS in the table which will result in higher BLER performance, that will bring dangerous to drivers. In Rel-14 V2X, there is no method to avoid UE selecting these specific TBS values.  
· Option 1: Use existing MCS table with TBS scaling

· Option 1b: with scaling for all MCSs
This option scales all the TBS values for all MCSs. With proper scaling factor selection, not only the coding rate of 64QAM can be lower than 0.93, but also the problem of observation 2 can be solved. Furthermore, this option has less effect to standardization. If necessary, different scaling factor can be applied for different modulation level. Therefore, this option is preferred. 
· Option 2: Introduce a modified MCS table for Rel-15 V2X UE
Some papers have discussed the method to modify MCS table for Rel-15 V2X, such as [4] and [5]. In [4], the MCS table is modified so as that more 64QAM indexes can be used for eV2X. But the coding rate of some 64QAM indexes is still higher than 0.93, and the problem of observation 2 is not solved. In [5], to solve the problem in observation 2, the MCS table is modified and rate-matching of the last OFDM symbol is applied. More standardization work is needed.
· Option 3: Use existing MCS table with no TBS scaling
This solution is left to UE implementation how to select proper MCS/TBS value from the table. Different UE may have different behavior and the problem in observation 2 is not solved.
Based on the above analysis, we propose that:

Proposal 1: Option 1b is preferred for Rel-15 V2X.
· Option 1b: Use existing MCS table with TBS scaling for all MCSs
2.2. Signaling to support 64QAM

In SCI format 1, 5-bit field is used to indicate the MCS index. It can support all the MCS indexes of existing MCS table. We do not see any necessary to change this field in supporting 64QAM.

Proposal 2: Confirm the working assumption 
· No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM
In Rel-14 V2X, only QPSK and 16QAM are supported. There is a limitation condition for the 5-bit MCS field and the modulation order is set to [image: image1.png]Q0 = min(4,Q,)



. That means 64QAM is not applied to Rel-14 UE. If 64QAM is supported for Rel-15 V2X UE, the receiver needs to differentiate whether the transmission is from Rel-15 or Rel-14 so as to correctly decode corresponding SCI format. Since the MCS index can be changed dynamically, it is reasonable that the differentiation information is carried in SCI.

Proposal 3: Confirm the working assumption:

· Differentiation of Rel-15 transmission using 64-QAM and Rel-14 transmission is signaled in the SCI

According to proposal 1, option 1b is applied to Rel-15 V2X. In this case, all the TBS values are scaled for Rel-15 V2X. Therefore, even for the MCS table of QPSK and 16QAM, the TBS values of Rel-15 V2X are different with Rel-14 V2X. It is necessary to differentiate the Rel-15 transmission and Rel-14 transmission. If the transmission is from Rel-15 UE, the receiver will use the scaled TBS values no matter what modulation is indicated in SCI. Otherwise, the existing TBS values in the TBS table will be used and the limitation of [image: image2.png]Q0 = min(4,Q,)



 is applied to modulation order.
Proposal 4: A bit in SCI format 1 is used to differentiate Rel-15 transmission and Rel-14 transmission.

3. Conclusions
In this contribution, the latency reduction in mode 3 and mode 4 are discussed. Some potential issues because of latency reduction are analyzed and solutions are given. The following observations and proposals are given based on the analysis.
Observation 1: Some TBS values for 16QAM and 64QAM will result in coding rate higher than 0.93 for LTE-V2X because of more resource overhead.

Observation 2: Some TBS values of QPSK and 16QAM in existing TBS table will result in poor demodulation performance
Proposal 1: Option 1b is preferred for Rel-15 V2X.
· Option 1b: Use existing MCS table with TBS scaling for all MCSs
Proposal 2: Confirm the working assumption 

· No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM

Proposal 3: Confirm the working assumption:

· Differentiation of Rel-15 transmission using 64-QAM and Rel-14 transmission is signaled in the SCI

Proposal 4: A bit in SCI format 1 is used to differentiate Rel-15 transmission and Rel-14 transmission.
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