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In RAN4#80bis meeting, test case list and demodulate purpose for V2V demodulation were discussed. There are still some open issues for V2V demodulation. In this paper, we share our view on these open issues. 
Discussion
According to the agreements in [1], we have the following open issues
· Discuss whether PSSCH and PSCCH should be tested jointly
· PSCCH DMRS blind detection handling
· HARQ transmission
· Performance and Complexity of CFO and Doppler shift algorithm
· Resource allocation modelling in the V2V transmission
In the following sections, we share our view for these open issues. 
About whether PSSCH and PSCCH should be tested jointly or not
For PSSCH and PSCCH test, there are two options for the performance requirements:
Option 1: Define performance requirements for PSSCH and PSCCH jointly
Option 2: Define performance requirements for PSSCH and PSCCH separately
Whether option 1 or option 2 is used depends on whether we can configure one channel with enough robust performance while test the other channel. In legacy PDCCH test and PDSCH test, in order to test PDCCH, PDSCH shall be configured as the lowest MCS to guarantee the performance impact from PDSCH in PDCCH test is negligible. Similarly, in PSCCH test of Rel-12 D2D communication, PSSCH is very robust also. 
For Rel-14 V2V, the lower MCS is I_TBS=0, 96 PRBs are allocated and two transmissions are performed. Under this condition, the information bits are 2664 bits. For PSCCH, the information bits are 48 bits and 2 PRBs are used for PSCCH transmission. Since 3dB power boost is configured for PSCCH, it is equivalent to two transmissions for PSCCH with 0dB power boost. Thus, the Relative coding rate of PSSCH over PSCCH is (2664/96)/(48/2) = 1.15. it means the PSSCH performance may be comparable with PSCCH performance. Thus, the performance of PSSCH have non-negligible impact on the PSCCH performance. 
In order to test PSCCH performance, we can have several options if we try to define performance requirements for PSSCH and PSCCH separately:
Alternative 1:  Considering different noise level for PSSCH and PSCCH
             Alternative 2:  Define joint performance for PSSCH and PSCCH at least with one very lower SNR point.
In alternative 1, lower noise level is used for PSSCH and higher noise level is used for PSCCH. Thus, high SNR for PSSCH can guarantee the performance of PSSCH impact on the joint performance of PSSCH and PSCCH is negligible. Thus, it is testable for PSCCH. 
In alternative 2, we can use Lowest MCS for PSSCH and the joint performance of PSSCH and PSCCH. The parameters for PSSCH could be shown as Table 1. For Alternative 2, it is not a perfect solution to get the PSCCH performance, but it may be fine if we can get pretty good performance as a whole. 
[bookmark: _Ref466059474]Table 1: PSSCH setup for PSCCH test
	Parameters
	Unit
	Value

	Number of PRBs
	
	96

	Number of retransmission
	
	2

	I_TBS
	
	0

	TBS
	Bits
	2664

	Metric
	
	Joint performance of PSCCH and PSSCH



Proposal 1: The performance of PSCCH may be tested combined with PSSCH at very lower SNR point

PSCCH DMRS blind detection handling
For PSCCH DMRS blind detection, according to RAN1 agreements, the cyclic shift is chosen randomly out of {0,3,6,9} by a transmitter and the chosen value is applied to all DMRSs for SA within a subframe. To serve the purpose of PSCCH DMRS blind detection, in the test, the cyclic shift chosen randomly out of {0, 3, 6, 9} which strictly follow the RAN1 agreements. 
Proposal 2: Cyclic shift for DMRS of SA is randomly chosen out of {0, 3, 6, 9}. 
HARQ transmission
For HARQ transmission, in RAN1, we have the following agreements:
The number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g. GNSS or eNB)
In RAN2, the corresponding signaling are defined in 36.331 as:
SL-PSSCH-TxConfig-r14 ::=		SEQUENCE {
	typeTxSync-r14				ENUMERATED {gnss, enb, ue, spare1}		OPTIONAL,	-- Need OR
	thresUE-Speed-r14			ENUMERATED {kmph60, kmph80, kmph100, kmph120, 
								kmph140, kmph160, kmph180, kmph200},
	parametersAboveThres-r14	SL-PSSCH-TxParameters-r14,
	parametersBelowThres-r14	SL-PSSCH-TxParameters-r14,
	...
}

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}
}

Based on the signaling, when the UE speed is higher than configured threshold, it will select MCS and number of transmission based on one set, and when the UE speed is lower than configured threshold, it will select MCS and number of transmission based on another set. Based on this procedure, it is beneficial for reception UE to make some performance optimization based on TX speed and Tx Sync type. In order to verify the UE with the right behavior, we can consider the configurations in the multiple link test as Table 2.
[bookmark: _Ref466064444]Table 2: Test Parameters for the multiple link test
	SL-PSSCH-TxConfig
	typeTxSync-r14
	
	Gnss

	
	thresUE-Speed-r14
	
	kmph100

	
	parametersAboveThres
	minMCS-PSSCH
	
	TBD

	
	
	maxMCS-PSSCH-r14
	
	TBD

	
	
	minRB-NumberPSSCH
	
	TBD

	
	
	maxRB-NumberPSSCH
	
	TBD

	
	
	allowedRetxNumberPSSCH
	
	n1

	
	parametersBelowThres
	minMCS-PSSCH
	
	TBD

	
	
	maxMCS-PSSCH-r14
	
	TBD

	
	
	minRB-NumberPSSCH
	
	TBD

	
	
	maxRB-NumberPSSCH
	
	TBD

	
	
	allowedRetxNumberPSSCH
	
	n0

	Active Sidelink UE(s)
	
	Sidelink UE 2, Sidelink UE 3

	Sidelink UE 1
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	Propagation Channel
	
	EVA 1475 (corresponding to 270km/h@5.9GHz)

	Sidelink UE 2
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	Propagation Channel
	
	EVA 492 (corresponding to 90 km/h@5.9GHz)



In the test, thresUE-Speed is set 100km/h, when the Tx speed is lower than 100km/h, there will be no retransmission, since the allowedRetxNumberPSSCH is n0 in the parametersBelowThres and when the Tx speed is higher than 100km/h, there will have one retransmission, since the the allowedRetxNumberPSSCH is n1 in the parameter parametersAboveThres. The speed is reflected in the channel model. For the first UE, EVA 1475Hz is used as the channel model and for the second UE, EVA 492Hz is used as the channel model. They are corresponding 90km/h and 270km/h, respectively. 
For the TB from the UE 2, UE need soft combining for the two transmissions. For the TB from the UE 1, since one transmission is used, no soft combining is needed. Thus, according to the above configuration, both HARQ and non-HARQ is verified. 

Proposal 3: Configure different Doppler in the channel model for different links and configure different number of retransmission, MCS, number of PRBs according to the speed in the multiple links. 

Performance and Complexity of CFO and Doppler shift algorithm
In WI [2], the objective of the WI is clearly state that:
The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h.
Thus, the baseline shall be target for 500 km/h. To handle the high Doppler and high CFO, two methods were discussed, one is based on “cross-DMRS” and one is based on “single DMRS”.  Simulation results have been shown there will be error floor for the basic receiver based on “cross-DMRS” scheme [3]. Thus, it seems “single DMRS” is the few choices what we can choose. The complexity of “single DMRS” may be higher than “cross-DMRS”. However, considering the V2V is not battery limited, a complex scheme may be affordable. Thus, RAN4 can target for a receiver to achieve the target high speed (500 km/h). 
Proposal 4: RAN4 may need to develop receiver based on “single DMRS” to achieve good performance for 500 km/h relative speed. 
Resource allocation modelling in the V2V transmission
According to the current agreements, in current V2V scope, we will only define requirements for standalone scenarios. For the non-standalone scenario, it will be defined in V2X work item. For the standalone mode, the resource allocation can only be based on mode 4. In Mode 4, Resource allocation is based on distributed scheduling, wherein the scheduling is based on a sensing with semi-persistent transmission based mechanism. The detail description is shown in 14.1.1.4B of 36.213. According to the specification, the resource for PSSCH transmission shall according to:





If a set of sub-channels in subframe  is determined as the time and frequency resource for PSSCH transmission corresponding to the configured sidelink grant (described in [8]), the same set of sub-channels in subframes  are also determined for PSSCH transmissions corresponding to the same sidelink grant where j=1, 2,…, ,  is the resource reservation interval determined by higher layers, and  is determined by subclause 14.1.5.
When retransmission is configured, one resource is selected using the mechanism defined for the case where a TB is transmitted in one subframe and Selection of another resource is random under some condition. When the resources reselection is triggered, with probability p, the UE keeps the current resource and the counter is reset and with 1-p probability, resource is reselected based on some rule.  In Figure 1, one example resource allocation pattern is given. In Figure 1, the periodicity of new transmission is 100ms and the retransmission is performed with gap k, which is randomly given within (0,15].  The gap is the gap between the initial transmission and retransmission. After Cresel transmission, the subchannel is reselected. A uniform distribute number p is generated, when p is larger than 0.4, the same subchannel is reused, otherwise, a different channel is selected for the new transmission. 
[image: ]
[bookmark: _Ref466070099]Figure 1: Resource allocation for V2V communication
In order to comply the specification, it is unavoidable to explicitly model the signal pattern. One concern is the test time, RAN4 can continue the discussion on how to reduce the test time. One example parameter can be referred in Table 3.
[bookmark: _Ref466072457]Table 3: Test parameters for V2V resource allocation
	Parameters
	Unit
	Value

	Resource reservation in SCI
	
	1

	SL_RESOURCE_RESELECTION_COUNTER
	
	5

	Time gap between initial transmission and retransmission in SCI
	ms
	Random selection within (0,15]

	Carrier-specific parameter p for reselection
	
	0.4



Proposal 5: Explicit model of automatic resource selection may be needed for demodulation and how to model it to reduce the test time need FFS.  
Conclusion
In this paper, we share our view on how to resolve the open issues for V2V demodulation, we have the following proposals:
Proposal 1: The performance of PSCCH may be test combined with PSSCH at very lower SNR point
Proposal 2: Cyclic shift for DMRS of SA is randomly chosen out of {0, 3, 6, 9}. 
Proposal 3: Configure different Doppler in the channel model for different links and configure different number of retransmission, MCS, number of PRBs according to the speed in the multiple links 
[bookmark: _GoBack]Proposal 4: RAN4 may need to develop receiver based on “single DMRS” to achieve good performance for 500 km/h relative speed. 
Proposal 5: Explicit model of automatic resource selection may be needed for demodulation and how to model it to reduce the test time need FFS.  
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