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1 Introduction

In RAN plenary meeting #75, a new WI for V2X enhancement was agreed [1]. A point is to study the introduction of short TTI in V2X. 
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;

From the above bullet from WID, 64QAM is considered as a way to enhance the peak data rates and V2X performance. Co-existence with Rel-14 UEs in the same resource pool has to be satisfied. Assuming same SA format, a Rel-14 UE could decode the SA as well as PSSCH from a Rel-15 UE in a carrier. A design maximizing of Rel-15 UE while minimizing impact to Rel-14 UE is targeted.  
2 Discussions 
From the advanced V2X use cases identified by SA1 in [2], a V2X packet can be up to 6500B which is larger than maximum TBS supported in Rel-14 V2X, i.e. 31704.  With the modulation order supported for Rel-14 V2X, i.e., QPSK or  16QAM, the effective channel code rate would be larger than 1. Thus, 64QAM should be introduced. 

According to the WID, Rel-15 V2X uses the same SA format as Rel-14, which can be decoded by Rel-14 UEs. To ensure fair co-existence between Rel-15 and Rel-14 UEs in the same resource pool, the indication of 64QAM in SA should not have much impact on Rel-14 V2X UE. SA is not only for decoding PSSCH but also for PSSCH-RSRP measurement when UE selects /reselects transmission resource. When SA from Rel-15 V2X UE indicates QPSK/16QAM, Rel-14 V2X UE can decode PSSCH and perform PSSCH-RSRP measurement at the reception of successfully decoded SA. When SA from Rel-15 V2X UE indicates 64QAM, Rel-14 V2X UE can’t decode PSSCH based on the successfully decoded SA. It is still desirable that Rel-14 V2X UE can perform PSSCH-RSRP measurement based on this SA to determine whether to exclude these PSSCH resources during the transmission resource selection [3].

Proposal 1: Rel-14 V2X UE performs PSSCH-RSRP measurement when the modulation order indicated by SA is 64QAM to avoid collision between Rel-14 V2X and Rel-15 V2X UE. 
In Rel-14 V2X, the TBS table for V2X simply reuses the table for Rel-8 LTE WAN (Table 7.1.7.2.1-1 in TS 36.213). In Rel-8, the table is designed based on the assumption of 120 REs per PRB for data transmission with 0 ≤ 
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≤ 25, while 136 REs per PRB with 
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=26 to meet the peak data rate requirement. However, for V2X, the available REs per PRB for data transmission is much less than 120 or 136. As is shown in Figure 1, there’re 4 DM-RS symbols per subframe and one symbol gap (last symbol) on which PSSCH cannot map. In addition, the first symbol which PSSCH occupies suffers distortion due to AGC adjustment. Therefore, there’re only 8 out of 14 symbols per subframe available for proper PSSCH transmission. The maximum TBS 31704 supported in Rel-14 is also based on the assumption of 8 symbols (i.e., 96 REs per PRB).
Consequently, the TBS derived from Table 7.1.7.2.1-1 is not well-aligned with V2X PSSCH structure. Some 
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 (or equivalently
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) leads to undesirable high effective channel code rate larger than 0.930. To keep the effective channel code rate within a proper range, only a fraction of 
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 can be reused, leading to transmission efficiency degradation. It becomes worse with 64QAM.  Up to 5 out of 8 MCS index for 64QAM may not be used to reach channel code rate lower than 0.930.  Therefore, the study on TBS modification for Rel-15 V2X would be necessary. 
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Figure 1 Frame structure for PSSCH
Considering similar issues in LTE TDD DwPTS or ending subframe in DL LAA, the existing method to scale the TBS can be the starting point. 
Proposal 2: Study TBS scaling mechanism for 64QAM. 

In Rel-14 V2X, open-loop power control is applied. The transmission power determined by transmission bandwidth of PSSCH/PSCCH, Pathloss and higher-layer configured parameters (
[image: image7.wmf]a

 and
[image: image8.wmf]O

P

). In Rel-15 V2X, 64QAM is applicable for PSSCH, the required SNR to achieve the same coverage increases materially compared to PSSCH with QPSK or 16QAM. It is desirable to first investigate the potential performance degradation with existing open-loop power control, and then further study the enhanced power control mechanism to ensure the similar coverage with Rel-14 V2X. 

Proposal 3: Study the impact of existing open-loop power control mechanism on coverage, if 64QAM is applied to PSSCH. 

3 Conclusions
In this contribution, we provide our views on supporting 64QAM in Rel-15 V2X with the condition to co-exist with Rel-14 V2X UEs in the same resource pool. The proposals are,
Proposal 1: Rel-14 V2X UE performs PSSCH-RSRP measurement when the modulation order indicated by SA is 64QAM to avoid collision between Rel-14 V2X and Rel-15 V2X UE. 

Proposal 2: Study TBS scaling mechanism for 64QAM. 

Proposal 3: Study the impact of existing open-loop power control mechanism on coverage, if 64QAM is applied to PSSCH. 
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