Page 1

3GPP TSG-RAN WG4 Meeting #83

R4-1704643
Hangzhou, China, 15 - 19 May 2017
Agenda item:
7.15.4.1
Source:
Intel Corporation
Title:
LTE V2V Demodulation Requirements
Document for:
Discussion
1. Introduction

The Rel-14 V2V WI [1] introduced the support of the V2V PC5 (sidelink) communication. In particular, a number of SL physical layers enhancements were made to ensure reliable operation for the V2V propagation environments. In accordance to the Rel-14 V2V WI objectives the RAN4 WG needs to specify UE demodulation requirements for the new V2V sidelink physical channels. In the previous meeting the following agreements on the V2V UE demodulation requirements test cases were reached [2]:

	Test metric

· Test metric for PSSCH

· Option 1: 30% BLER

· Option 2: 10% BLER

· Test metric for PSCCH

· 1% BLER

Test setup
· TX signal time offset vs GNSS reference
· CP/2-12Ts
Test scenarios

· Single-link PSSCH test scenarios
· Consider small number of RB allocation for PSSCH
· Adjacent allocation(PSCCH-PSSCH)
· Candidates for  requirements definition
· Option 1: 10 PRB
· Option 2: 5 PRB
· For investigation purposes: 20  PRB
· 8 ms PSSCH retransmission delay
· Multi-link fading test
· Do not define
· GNSS assumption need to be specified according to RRM discussion

· Power imbalance test
· Use non-adjacent RB allocation for 2UEs
· Use adjacent PSCCH/PSSCH for each UE
· ICS value
· Option 1: 30 dB
· Option 2: 25 dB
· Make decision on ICS value in next meeting
Simulation assumption

· PSSCH frequency offset estimation
· PSSCH DMRS
· Channel estimation 

· linear interpolation in time domain
· frequency domain MMSE equalization
Specification structure

· 14 Performance requirement (V2X sidelink communication)

· 14.1 General

· 14.2 Demodulation of PSSCH

· 14.3 Demodulation of PSCCH

· 14.4 Demodulation of PSBCH

· 14.5 Power imbalance performance with two links
· More sections will be added for additional test cases


In this contribution we provide the simulation results based on the agreed assumptions and also views on the remaining test details.

2. Single link demodulation
In this section we provide views on the remaining test details:

· Target PSSCH requirement: The V2V communications is planned to be used for the safety applications. From RAN1 perspective the design was optimize to ensure reliable operation with > 90% PRR (packet reception ratio) inside a certain distance. Hence, the physical layer processing should ensure reliable enough operation and at most 10% BLER test point is recommended to be used to define the requirements.
· PSSCH resource allocation: In accordance to the previous meeting discussion, in order to reduce the span of the results among the companies, the PSSCH resource allocation is suggested to be reduced. In particular, 8 PRBs are suggested to be used for the 16QAM test and 3 PRB for the QPSK test case.
· PSCCH Cyclic shift: DMRS cyclic shift is randomly selected for each PSCCH transmission in order to ensure that UE applies multi DMRS hypothesis testing. The same principles should be adopted for the PSSCH test.
· PSCCH payload: In the previous meetings RAN1 identified a possible issue in case of overlapping PSSCH transmissions. In the latter case the PSCCH transmissions from 2 UEs in the same resources would have same DMRS sequence. To avoid such situations RAN1 concluded that “In the single subframe transmission case, the current specifications allows a UE implementation to select the un-used or redundant bits/code-points in SCI format 1”. From the test perspective we recommend to take this into account and assume that unused PSCCH payload bits are randomized (e.g. frequency resource location of initial TX and ReTx; ReTx index).
· DC distortion impact: For the case of using SC-FDMA waveform, the receiver DC distortion impairments may have certain impact on the demodulation performance. In particular, the centre subcarriers may experience additional noise which may potentially affect the performance in case of small resource allocations. DC distortion impacts were previously discussed in application to MTC and NB-IOT demodulation requirements and it was decided to take into account in the performance requirements definition (i.e. assume puncturing for MTC and via adding a margin for NB-IOT). For the V2V case the overall impact is expected to be limited, however, additional studies may be beneficial in case any of the tests are defined for the resource allocations overlapping with the cell centre. Meantime, in our view, for the V2V performance requirements definition the PSSCH resource allocation should be introduced in a way to avoid overlap with centre subcarrier. 
Proposal #1:
Define the PSSCH/PSCCH demodulation test cases under following assumptions

· Use 10% PSSCH BLER test point

· Use 8 PRB PSSCH for the 16QAM EVA 180 PSSCH test

· Use 3 PRB PSSCH for the QPSK EVA 2700 PSSCH test

· DMRS cyclic shift is randomly selected for each PSCCH transmission

· Unused PSCCH payload bits are randomized
· PSSCH/PSCCH resource allocations do not overlap with the central subcarrier
Below in Figure 1 we provide the V2V demodulation simulation results for the following test cases:

· Test #1: PSCCH, EVA1500

· Test #2: PSSCH, EVA180, MCS13, 96 PRB (for information)
· Test #3: PSSCH, EVA180, MCS13, 8 PRB

· Test #4: PSSCH, EVA2700, MCS4, 48RB (for information)
· Test #5: PSSCH, EVA2700, MCS4, 3RB
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Test #1: PSCCH, EVA1500
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Test #2: PSSCH, EVA180, MCS13, 96 PRB
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Test #3: PSSCH, EVA180, MCS13, 8 PRB
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Test #4: PSSCH, EVA2700, MCS4, 48RB
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Test #5: PSSCH, EVA2700, MCS4, 3RB

	Figure 1. V2V demodulation simulation results


The PSSCH simulation results are provided for the cases with and without PSCCH decoding impacts. In accordance to the simulation results we conclude that the PSCCH decoding has relatively limited impact on the PSSCH performance for the investigated scenarios. The alignment and impairments results are also summarized in Tables 1 and 2 and in the embedded Excel spreadsheet below.

Table 1. Single link demodulation alignment results summary

	Test case
	SNR, dB

	Test #1: PSCCH, EVA1500
	0.7

	Test #2: PSSCH, EVA180, MCS13, 96 PRB
	12.3

	Test #3: PSSCH, EVA180, MCS13, 8 PRB
	12.4

	Test #4: PSSCH, EVA2700, MCS4, 48RB
	4.4

	Test #5: PSSCH, EVA2700, MCS4, 3RB
	3.3


Table 2. Single link demodulation impairments results summary

	Test case
	SNR, dB

	Test #1: PSCCH, EVA1500
	2.7

	Test #3: PSSCH, EVA180, MCS13, 8 PRB
	14.4

	Test #5: PSSCH, EVA2700, MCS4, 3RB
	5.3
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3. Power imbalance test case

The UL in-channel selectivity test was used as the prototype for the SL power imbalance test case definition. The purpose of the ICS test is to verify RF impairments including receiver image, EVM, inter-modulation and LO phase noise. For the V2V power imbalance test case it was decided that the transmission of 2 UEs will be done in non-adjacent PRBs. Hence, the test can no longer completely verify the ICS performance. Accordingly, in RAN4 #82, it was agreed to modify the test purpose and focus on verification of AGC accuracy and ADC dynamic range. The key feature of SL based AGC is the fact that AGC retuning should be done dynamically on a per-subframe basis. Meantime, the current test setup assumes static PSSCH resource allocation which indeed cannot properly test the AGC functionality but rather attempt to test the AGC operation accuracy. 

In the previous meeting several proposals on the possible ICS values were discussed. In particular, ICS in the range from -20dB to -30dB was discussed. In general, the ICS level is a function of the separation between the two PSSCH transmissions. In our understanding the following factors will contribute to the ICS level:

· Frequency synchronization accuracy performance (and associated ICI);

· AGC accuracy;

· ADC dynamic range;

· Other RF imperfection incl. RX EVM level, DC offset, IQ imbalance.

· Frequency separation between the Weak and Strong signals.

In our understanding the related aspects are more a part of the RF receiver characteristics discussion and should be further analysed in more details in order to identify the exact achievable levels. In our understanding, at least UE can support -21dBc ICS which is aligned with the agreements in the D2D WI. Further tightening of the ICS requirements may require more detailed discussion on the particular levels for the mentioned parameters. 

Proposal #2:
Use ICS = -21dBc for the power imbalance test case
4. Conclusions

In this contribution we have provided the alignment and impairments result and also made our suggestions on the remaining V2V demodulation performance requirements. In summary, we make the following proposals:
Proposal #1:
Define the PSSCH/PSCCH demodulation test cases under following assumptions

· Use 10% PSSCH BLER test point
· Use 8 PRB PSSCH for the 16QAM EVA 180 PSSCH test

· Use 3 PRB PSSCH for the QPSK EVA 2700 PSSCH test
· DMRS cyclic shift is randomly selected for each PSCCH transmission

· Unused PSCCH payload bits are randomized
· PSSCH/PSCCH resource allocations do not overlap with the central subcarrier
Proposal #2:
Use ICS = -21dBc for the power imbalance test case
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Summary

		Alignment results		SNR, dB

		Test #1: PSCCH EVA1500		0.7

		Test #2: PSSCH 20MHz MCS13 EVA180, 96RB		12.3

		Test #3: PSSCH 20MHz MCS13 EVA180, 8RB		12.4

		Test #4: PSSCH 10MHz MCS4 EVA2700, 48RB		4.4

		Test #5: PSSCH 10MHz MCS4 EVA2700, 3RB		3.3

		Test #6: PSSCH MCS 10, AWGN, 3RB (Power Imbalance)		6.1

		Impairments results

		Test #1: PSCCH EVA1500		2.7

		Test #3: PSSCH 20MHz MCS13 EVA180, 8RB		14.4

		Test #5: PSSCH 10MHz MCS4 EVA2700, 3RB		5.3

		Test #6: PSSCH MCS 10, AWGN, 3RB (Power Imbalance)		8.1
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