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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:

	The detailed objectives of this work item are as follows:

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;

2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]

3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2]


In this contribution, we discuss support of higher order modulations for sidelink V2V communication, while our views on other V2V enhancements are provided in our companion contributions [2]-[7].
2 Demodulation Challenges

The demodulation performance is one of the major technical challenges for LTE-V2V communication due to high vehicle speed and consequently effects of high Doppler spread or shift, emphasized by propagation at high carrier frequency allocated for ITS spectrum – 5.9 GHz. These effects result in significant channel variation in time and ICI that can potentially prevent reliable communication using high order modulations. In order to reduce impacts from channel estimation errors and ICI, the larger subcarrier spacing is beneficial for LTE V2V communication. However, introduction of new LTE numerology and waveform was precluded by the work item scope, therefore in this document we discuss other possible enhancements to support higher order modulation and in particular 64QAM for LTE-V2V communication.

3 Demodulation Performance

In this section, we provide demodulation performance for LTE V2V sidelink communication for different vehicle speeds in LOS and NLOS channels. We study PSSCH performance when 64QAM is used for transmission of 300 bytes packet. The 4, 5 and 6 PRB allocations and single TTI are used for V2V transmission having the following effective code rates calculated assuming 8 symbols available for shared channel transmission: ~ 3/4; 5/6; 7/8. The following relative vehicle speed values were considered for analysis: 6, 60, 120, 240 km/h (corresponding to 3, 30, 60, 120 km/h absolute speed of each vehicle). The list of used evaluation assumptions is provided in Table 1 and Table 2 in Annex A.

Link level evaluation results for MCS 21 are shown in Figure 1.
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Figure 1: LTE-V2V 64QAM demodulation performance for the LOS channel (left) and NLOS channel (right).

Observation 1
· Performance of LTE-V2V communication with 64QAM modulation is sensitive to the vehicle’s relative speed.
· Significant degradation is observed for relative vehicle speed above 120 km/h.

4 Potential Enhancements for 64QAM Support
The LTE-V2V communication performance for 64QAM modulation can be limited by ICI and channel estimation error. The following potential design enhancements can be considered:
DMRS Enhancements
Using additional resource elements for DMRS signals can decrease channel estimation error and increase performance of 64QAM modulation for V2V communication. Potential enhanced PRB structures with additional resource elements for the DMRS signals are shown in Figure 2.
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Figure 2: Legacy (a) and enhanced (b)-(e) DMRS patterns for 64QAM transmission format

Observation 2
· Channel estimation error can be decreased by introducing additional resource elements to V2V DMRS signals.
Rate-matching
For LTE-V2V communication assuming 64QAM format, the rate-matching can be done across four DMRS symbols, additional DMRS REs, if introduced, last symbol and the first symbol of the subframe assuming it is used for AGC at receiver side. The proper rate-matching behavior will improve 64QAM demodulation performance, especially for high code rates.

Comparison of existing bit puncturing approach and proposed rate-matching method for 60 km/h relative speed is shown in Figure 3.
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Figure 3: Rate-matching LTE-V2V 64QAM demodulation performance for 
LOS channel (left) and NLOS channel (right).

Observation 3
· LTE R14 sidelink rate-matching behavior can be revised to improve 64QAM demodulation performance.

Scaling of Transport Block Size

The LTE R14 transport block size table was designed assuming fixed implementation overhead in terms of amount of REs used for channel estimation per PRB. For LTE R8, there are two DMRS symbols per UL subframe, which results in 2 out of 14 symbols implementation overhead for channel estimation. In R14, the implementation overhead is increased to 6/14 (4 DMRS symbols, 1 gap symbol, and 1 symbol for AGC settling time). The large implementation overhead results in effective code rates larger than 1 for high MCS indexes. In order to avoid this issue, new TBS table with reduced TBS sizes can be designed or existing TBS can be scaled down to take into account implementation overhead.

Evaluation results for legacy TBS table with bit puncturing approach and for modified TBS table with rate-matching approach for 60 km/h relative speed are shown in Figure 4.
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Figure 4: Rate-matching LTE-V2V 64QAM with modified TBS table (right) and bit puncturing with legacy TBS table (left) demodulation performance.

Observation 4
· LTE-V2V communication with 64QAM modulation does not work for multiple MCS indexes, if R14 transmission format is assumed. 
· For improved 64QAM demodulation performance, the LTE R14 TBS table can be revised to take into account actual sidelink V2V implementation overhead.

5 Compatibility Considerations
Compatibility with R14 UEs

Compatibility with R14 terminals that do not support 64QAM demodulation is an open issue. R14 UEs do not expect 64QAM transmission and interpret high MCS indexes (corresponding to 64QAM modulation in MCS table) as 16QAM modulation [8]: “The modulation order is determined using the "modulation and coding scheme " field (
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Observation 5
· R14 UEs cannot demodulate 64QAM transmission from R15 UEs.

Impact on R15 UEs

If R14 and R15 UEs share the same resource pool and there is no additional signaling defined to differentiate R14 and R15+ transmissions, the R15 UEs will need to perform blind decodings (one assuming 16QAM format and one assuming 64QAM format) for MCS indexes corresponding to 64QAM modulation, given that R15 receiver does not know whether this is a 16QAM transmission from R14 UE or actual 64QAM transmission from R15 UE.
Observation 6
· Additional signaling needs to be defined to differentiate R14 16QAM transmissions having MCS indexes corresponding to 64QAM with actual 64QAM transmissions by R15+ UEs.
Superposition and bit multiplexing to communicate with R14 and R15 UEs using 64QAM format
In order to utilize the same resource using 64QAM format for transmission to R14 and R15+ UEs, it is possible to multiplex two or more independently encoded bitstreams into the 64QAM modulation format. In this case, R14 UEs may receive bitstream that can be decoded using legacy demodulators (e.g. QPSK and 16QAM) possibly with limited performance loss, while R15 UEs can receive all bit streams. For instance, it is possible to encode and multiplex two independent information bit streams:

· The first bit stream can be decoded by both R14 and R15+ UEs.

· The second bit stream can be decoded by R15+ UEs only.
In general case, the described above principle can be viewed as a superposition of two streams: the first stream for R14+R15 UEs (e.g. QPSK modulated) and the second stream is for R15+ UEs only (e.g. 16QAM modulated).
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Figure 5: 64QAM format for communication with R14 and R15 UEs.

Observation 7
· Superposition principle with multiplexing of multiple bit streams can be used by R15 UEs to communicate with R14 and R15 UEs in the same resource using 64QAM format (e.g. applying MUST for SC-FDMA).

On additional control signaling
In case of sharing R14 resource pools by R14 and R15 UEs, the additional control signaling will be needed to differentiate R14 and R15 transmissions for high order modulations and avoid the need for dual blind decoding behavior for R15 UEs. In order to enable usage of 64QAM like format to deliver message to R14 and R15 UEs using superposition principles, the new control signaling should be also defined. This control signaling can be done in multiple ways:
· Option 1. Reinterpretation of existing SCI Format 1 fields.

· SCI Format 1 has reserved bits that can be reused to address compatibility issue. In this case, SCI Format 1 can be compatible with R14 UEs.

· Option 2. Dual SCI transmission.

· In this case, SCI Format 1 can be used to provide control signaling to R14 UEs (in a compatible manner) and new SCI Format X that can carry additional information for R15 UEs (e.g. SCI Format X).
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Figure 6: Dual SCI signaling to R14 and R15 UEs.

The final control signaling details needs to be discussed based on further analysis of use cases to be supported in LTE R15 V2X design.
6 Summary

In this contribution, we have analyzed 64QAM transmission for LT-V2V communication and observed that enhancements are needed to support 64QAM demodulation for LTE V2V communication on sidelink. Based on the conducted analysis we have the following set of observations:
Observation 1
· Performance of LTE-V2V communication with 64QAM modulation is sensitive to the vehicle’s relative speed.

· Significant degradation is observed for relative vehicle speed above 120 km/h.

Observation 2

· Channel estimation error can be decreased by introducing additional resource elements to V2V DMRS signals.

Observation 3

· LTE R14 sidelink rate-matching behavior can be revised to improve 64QAM demodulation performance.

Observation 4

· LTE-V2V communication with 64QAM modulation does not work for multiple MCS indexes, if R14 transmission format is assumed. 

· For improved 64QAM demodulation performance, the LTE R14 TBS table can be revised to take into account actual sidelink V2V implementation overhead.

Observation 5

· R14 UEs cannot demodulate 64QAM transmission from R15 UEs.

Observation 6

· Additional signaling needs to be defined to differentiate R14 16QAM transmissions having MCS indexes corresponding to 64QAM with actual 64QAM transmissions by R15+ UEs.

Observation 7

· Superposition principle with multiplexing of multiple bit streams can be used by R15 UEs to communicate with R14 and R15 UEs in the same resource using 64QAM format (e.g. applying MUST for SC-FDMA).
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Annex A. Link Level Evaluation Assumptions

In this section, in Table 1, Table 2 and Table 3 we provide the list of link level evaluation assumptions used for demodulation analysis 
Table 1: Link level evaluation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	FFT size
	1024

	Carrier frequency
	6 GHz

	Number of TTI
	1

	Packet size
	300 bytes 

	Channel
	PSSCH

	Channel model
	IMT-Advanced

	Vehicle relative speed
	6, 60, 120, 240 km/h

	CP type
	Normal

	Modulation
	64QAM, TX EVM 10%


Table 2: Legacy MCS and TBS size table for 64QAM modulation
	MCS
	TBS index
	Allocation, PRB 
	TBS, bits
	Code Rate

	21
	19
	6
	2600
	0.7593

	22
	20
	6
	2792
	0.8148

	23
	21
	5
	2472
	0.8667

	24
	22
	5
	2664
	0.9333

	25
	23
	5
	2856
	1.000

	26
	24
	4
	2408
	1.0556

	27
	25
	4
	2536
	1.1111

	28
	26
	4
	2984
	1.0365


Table 3: Modified MCS and TBS size table for 64QAM modulation
	MCS
	TBS index
	Allocation, PRB 
	TBS, bits
	Code Rate

	21
	19
	9
	2600
	0.5062

	22
	20
	8
	2536
	0.5556

	23
	21
	8
	2664
	0.5833

	24
	22
	7
	2536
	0.6349

	25
	23
	7
	2664
	0.6667

	26
	24
	6
	2472
	0.7222

	27
	25
	6
	2536
	0.7407

	28
	26
	5
	2536
	0.8889
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