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1
Introduction

One of the objectives of the V2X Phase 2 WI is as follows.

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]

· Carrier aggregation (up to 8 PC5 carriers);

· 64QAM;

· Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
· Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution, we discuss the support of 64-QAM in LTE V2V/V2X. This contribution is organised as follows:

· Section 2 provides the performance results of 64-QAM
· Section 3 studies the problem of code rate exceeding 0.931 for PSSCH for some 16QAM and 64QAM MCS, and proposes solution of using an additional R-15 MCS table

· Section 4 analyzes the proposal in Section 3 with respect to MCS table usage and compatibility analysis
· Section 5 discusses some additional consideration related to RRC configuration

· Section 6 concludes the contribution.

2
Performance evaluation of 64-QAM
In this section, we provide link-level simulation results of 64-QAM. The simulation assumptions are similar to those used in Rel-14 V2V/V2X study. There is 1 Tx antenna and 2 Rx antennas. Two vehicle UEs move towards each other with some speed (15, 70, or 140km/h). For small-scale fading, the SCM UMi NLOS model is used. The carrier frequency is 5.9GHz. The transmitter and receiver each has a frequency offset which is uniformly random in [-600, 600] Hz.
Consider the MCSs already defined in Table 8.6.1-1 in 3GPP 36.213 [2]. The table shows that the minimum MCS index that uses 64-QAM (i.e., Qm’ = 6) is IMCS = 21, and the corresponding TBS index is 19. With TBS index 19, we choose to use 6 RBs to carry 2600 information bits according to Table 7.1.7.2.1-1 [2], which is the closest to 300 Bytes. Figure 1 shows the performance at speed 15km/h, 70km/h, and 140km/h. We have the following observation.

Observation 1: With 64-QAM, the SNR required to achieve a reasonable BLER is relatively high. Also, error floors exist for higher speed such as 70km/h and 140km/h. Therefore, 64-QAM is suitable for low speed and can only be reliably received by nearby UEs. 
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Figure 1: Link-level performance of 64-QAM
On the other hand, supporting high MCSs with 64-QAM reduces resource usage and provides high throughput. Therefore, we make the following proposal.

Proposal 1: Support 64-QAM in LTE V2V/V2X. 
3
Modification to MCS table for 64QAM

In RAN1 #88bis, it was pointed out that some of the MCS for 64 QAM are unusable (with BLER = 1) with single PSSCH transmission as the coding rate exceeds 0.931 (e.g. R1-1704684, R1-1705296). This happens since the overhead for V2V PSSCH transmission is high (4 DMRS, last symbol punctured for Tx/Rx turnaround, and 1 symbol potential punctured at Rx for AGC). Further, it was proposed to scale the TBS sizes for 64QAM modulated MCS. In this section, we present our view on this aspect.
In our view, proposal to scale the TBS sizes for 64QAM MCS may not be a good solution. To maintain backwards compatibility for QPSK and 16QAM, we can scale down the TBS sizes (based on overhead) for 64QAM only. However, then there is a sudden drop in the spectral efficiency at the boundary of 16QAM to 64QAM. This is illustrated in Figure 1 for NRB = 50 (for example purpose). The SE vs MCS will no longer be monotonic (non-decreasing), which is undesired as we then have two MCS with different modulation schemes that yield the same SE. 
Observation 2: The current MCS and TBS tables yield coding rate > 0.931 for some 16QAM and 64QAM MCS with single PSSCH transmission.
Observation 3: TBS scaling for 64 QAM is not a desired solution as it will lead to non-monotonic behaviour of SE vs MCS.
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Figure 1: TBS scaling for 64QAM only will lead to non-monotonic behaviour of SE vs MCS
Alternatively, we propose to modify the MCS table to combat the issue of coderate > 0.931 for certain MCS. To this end, Figure 2 plots the effective coderate for PSSCH by considering the overhead of 6 symbols (4 DMRS, last symbol punctured at Tx, first symbol assumed to be lost at Rx), i.e., 8 useful symbols. It can be seen that the effective code rate exceeds 0.931 for MCS-18, MCS-19, MCS-20 for 16 QAM even before start of 64QAM MCS. Further, MCS-24 through MCS-28 for 64QAM also have coding rate > 0.931. 
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Figure 2: Effective coding rate vs MCS for PSSCH (single transmission) with Rel-14 MCS table
The proposal is then to simply change the switching point from 16QAM to 64QAM to MCS 18, without any change to TBS sizes. This preserves the monotonic behaviour of SE vs. MCS, while also making MCS-18 through MCS-23 usable with single PSSCH transmission. MCS-24 and up still exceed 0.931 coderate and can thus be used with HARQ. Note that MCS 24 itself still works with single transmission in case first symbol is not punctured for AGC, i.e. when AGC setting prior to the start of subframe happened to be correct. Compared to TBS scaling, there is no change in the max TBS size that can be supported.
The modified MCS table and the effective code rate is illustrated below.
Table 1: Proposed (additional) MCS table for R-15 for 64QAM support, also contrasted with legacy R-14 MCS table.

	Legacy R-14 MCS table (Table – A) 
[Table 8.6.1-1 in 36.213]
	Proposed additional MCS table for R-15 (Table – B)

	MCS Index
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Figure 3: Effective coding rate vs MCS for PSSCH (single transmission) with legacy (R14) MCS table and the proposed (additional) MCS table for R-15 with 64QAM
Proposal 2: Introduce an additional MCS mapping table as proposed in Table 1 in R-15 V2X for 64QAM support.
4
MCS table usage and compatibility analysis

In this section, we briefly describe the MCS table usage and the study the compatibility analysis with cases arising from R-14 or R-15 Tx communicating with R-14 or R-15 Rx.

4.1
Indication of MCS table / 64 QAM usage
As outlined in the last section, we propose to introduce an additional MCS table in R-15 for 64QAM support. Rel-14 Tx and Rx, of course, support and understand only the Rel-14 MCS table. Rel-15 UEs will have a choice to use either R-14 MCS table or the additional R-15 MCS table when they desire to transmit using 64QAM. Rel-15 receivers will need to know which MCS table is being used, and we thus need an indication in PSCCH for the same.
Proposal 3: Use a reserved bit in PSCCH to indicate which MCS table is being used (R-14 MCS table or the proposed R-15 table). This reserved bit is set to 1 if the R-15 table is used and set to 0 if the R-14 table is used.
· Note that for R-14 table, Qm = min (4, Qm’) applies.

4.2
Compatibility analysis
(Case 1) R-14 Tx and R-14 Rx:
This is simple legacy case and both Tx and Rx have the same R-14 understanding.

(Case 2) R-14 Tx and R-15 Rx

R-15 Rx will look at the reserved bit in PSCCH to understand which MCS table to use for decoding. The reserved bit is set to 0 by the R-14 Tx, so R-15 receiver will use the legacy R-14 MCS table and successfully decode the transmission.
(Case 3) R-15 Tx and R-15 Rx

R-15 transmitter UE has a choice to use either the legacy R-14 MCS table or the R-15 MCS table. As proposed, the MCS table used is indicated in PSCCH (reserved bit). R-15 Rx UEs can decode that bit information in PSCCH and figure out which table is being used. Thus, R-15 Rx UEs can successfully decode R-15 Tx, independent of the MCS table being used by R-15 Tx UEs.
(Case 4) R-15 Tx and R-14 Rx

If R-15 Tx UE want to be able to communicate with R-14 UEs, then it can use the legacy MCS table and R-14 UEs will be able to successfully decode the transmission. Note that the R-15 Tx will indicate the use of R-14 MCS table in the PSCCH reserved bit (set as 0), but this information is anyways ignored by R-14 Rx UEs.
If R-15 Rx UE wants to use 64QAM that only R-15 Rx UEs understand, they will transmit with the R-15 MCS table and indicate this choice in PSCCH. Since R-14 Rx UEs ignore that information, they will attempt to decode with incorrect assumption and fail (which is fine since R-14 UEs cannot receive 64QAM anyway).
In summary, we get the desired compatibility between R-14 and R-15 UEs. 
5
Additional considerations
One additional consideration with the introduction of an additional MCS table is related to RRC configurations related to MCS. Currently we have the following MCS limits configured as RRC configurations [36.331]
SL-PSSCH-TxParameters-r14 ::=

SEQUENCE {


minMCS-PSSCH-r14


INTEGER (0..31),

maxMCS-PSSCH-r14


INTEGER (0..31),

minRB-NumberPSSCH-r14

INTEGER (1..100),


maxRB-NumberPSSCH-r14

INTEGER (1..100),


allowedRetxNumberPSSCH-r14
ENUMERATED {n0, n1, both, spare1},


maxTxPower-r14



SL-TxPower-r14



OPTIONAL


-- Cond CBR
}

This configuration is used for speed dependent Tx parameters (IE SL-PSSCH-TxConfig-r14) and congestion control configuration (SL-CBR-PSSCH-TxConfigList-r14).

With the introduction of an additional MCS table, we need to identify how to interpret the min/max MCS configuration, i.e., using R-14 or R-15 MCS table. Further, since the R-15 UE can use either of the two tables, we need to provide a configuration for each of the MCS table. In other words, we need to introduce additional MCS limits in relation to the R-15 MCS tables.
Proposal 4: RRC configurations for MCS min/max limits (related to speed, congestion control) will need to be replicated for R-14 and R-15 MCS tables.

6
Conclusion

In this contribution, we make the following observations and proposals the support of 64-QAM in LTE V2X. 
Observation 1: With 64-QAM, the SNR required to achieve a reasonable BLER is relatively high. Also, error floors exist for higher speed such as 70km/h and 140km/h. Therefore, 64-QAM is suitable for low speed and can only be reliably received by nearby UEs. 

Proposal 1: Support 64-QAM in LTE V2V/V2X. 

Observation 2: The current MCS and TBS tables yield coding rate > 0.931 for some 16QAM and 64QAM MCS with single PSSCH transmission.

Observation 3: TBS scaling for 64 QAM is not a desired solution as it will lead to non-monotonic behaviour of SE vs MCS.

Proposal 2: Introduce an additional MCS mapping table as proposed in Table 1 in R-15 V2X for 64QAM support.

Proposal 3: Use a reserved bit in PSCCH to indicate which MCS table is being used (R-14 MCS table or the proposed R-15 table). 

· Note that for R-14 table, Qm = min (4, Qm’) applies.

Proposal 4: RRC configurations for MCS min/max limits (related to speed, congestion control) will need to be replicated for R-14 and R-15 MCS tables.
References

[1] RP-170798, “3GPP V2X Phase 2”, RAN Meeting #75.

[2] 3GPP 36.213

