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1. Introduction
In this contribution, we first discuss the simplification of the evaluation cases in order to draw a general conclusion, and then discuss the latency enhancements based on the latency evaluation result for each V2V scenario.
2. Discussion
2.1. Evaluation cases simplification
In [1], there are many factors which are taken into account in the evaluation. It makes the latency evaluation too complex and rapid convergence seems impossible. Moreover, drawing a general conclusion from the evaluation analysis is not possible. In our opinion, evaluation cases can be further simplified on the following two aspects:
1) The evaluation on dynamic scheduling without BSR is unnecessary.
2) The SPS evaluation is unnecessary.
For 1), whether the dynamic scheduling with BSR or not depends on the eNB scheduling. It is obvious the latency with BSR is larger than that without BSR. The latency evaluation based on a worst case could derive the maximum latency. The maximum latency provides useful information such that whether the latency requirement can be satisfied or not. Therefore, latency evaluation considering the worst case is sufficient. It means only dynamic scheduling with BSR case needs to be evaluated.
For 2), since the traffic period can be either 100ms or 500ms, according to the legacy SPS design, the SPS period should follow the traffic period, which means 100ms or 500ms should be used. If lower SPS period, such as {10ms, 40ms, 80ms} is used, the evaluation result is not meaningful since it will bring resource waste. For the initial latency evaluation, we think only dynamic scheduling should be considered. Use of short SPS period with resource waste improvement method may be considered as an enhancement and should not be considered for the initial latency evaluation.  
Proposal 1: The latency evaluation result captured in TR36.885 can be based on the dynamic scheduling with BSR procedure.
2.2. Evaluation results and enhancements
The latency evaluation and enhancements are analyzed for each scenario individually. Since the evaluation components include both the optional and mandatory parts, in order to be clear, the value of the optional part is marked with blue and the value of the mandatory part is marked with purple. The evaluation results for each scenario are listed below and the corresponding enhancements are given after the evaluation results.
2.2.1. Scenario 1
The latency evaluation result of scenario 1 is shown in Table-1.
                                                         Table-1 Latency evaluation result of scenario 1
	
	Latency components
	Latency

	
	L-RRC
	L-SL_config
	L-SL
	Optional
	Mandatory

	Mode 1
	50
	22.5 + SR period/2 + 16*Target BLER(%)/100
	20.6+ SR period + 2*SC period  + upper layer processing 
	179.2
 (SR period =1ms)
	104.6
(SR period =1ms)

	
	
	
	
	192.7
 (SR period =10ms)
	113.6
(SR period =10ms)

	Mode 2
	50
	22.5 + SR period/2 + 16*Target BLER(%)/100
	2*SC period + 4.5 + upper layer processing
	162.1
 (SR period =1ms)
	87.5
 (SR period =1ms)

	
	
	
	
	166.6
 (SR period =10ms)
	87.5
 (SR period =10ms)


According to the above table, it is observed:
Observation 1-1: For scenario 1, if Mode 1 resource allocation is used, the latency cannot be satisfied even if only the mandatory latency component is considered.
Observation 1-2: For scenario 1, if Mode 2 resource allocation is used, the latency can be satisfied if only the mandatory latency component is considered.
For RRC_IDLE and out of coverage UE, only Mode 2 can be used, according to the observation 2, in order to meet the latency requirement,  the Mode 2 resource pool should be preconfigured by SIB18 (for RRC_IDLE UE) or in UICC( for out of coverage UE).
For RRC_CONNECTED UE, the resource allocation mode used by UE is determined by eNB. In order to meet the latency requirement of Mode 2, the UE needs to be kept in RRC_CONNECTED. But in order to meet the latency requirement of Mode 1, only keeping the UE in RRC_CONNECTED state is not enough, and the SC period should also be reduced, e.g. reduced to 20ms.
Proposal 2: For scenario 1, to meet the latency requirement, mode 2 and mode 1 with reduced SC period (e.g. 20ms) are applicable.
2.2.2. Scenario 2
Scenario 2 includes three sub-scenarios: scenario 2-1(UL unicast + DL unicast), scenario 2-2(UL unicast + DL eMBMS) and scenario 2-3(UL unicast + SC-PTM). The evaluation results for the above three sub-scenarios are shown in following Table-2, Table-3 and Table-4.
Table-2 Latency evaluation result of scenario 2-1 (UL unicast + DL unicast)
	Latency components
	Latency

	L-RRC
	L-UL
	L-NW_uc
	L-paging
	L-RRC
	L-DL_uc
	Optional
	Mandatory

	50
	17.5+SR period + (1+8*Target BLER(%)/100)

	backhaul delay for unicast
	paging cycle + 4
	50
	4+8*Target BLER(%)/100 + upper layer processing
	472.1
 (SR period =1ms)
	48.1
(SR period =1ms)

	
	
	
	
	
	
	481.1
 (SR period =10ms)

	57.1
(SR period =10ms)



Table-3 Latency evaluation result of scenario 2-2 (UL unicast + DL eMBMS)
	Latency components
	Latency

	L-RRC
	L-UL
	L-NW_mbms
	L-DL_mbms
	Optional
	Mandatory

	50
	17.5+SR period + (1+8*Target BLER(%)/100)

	backhaul delay sub_a + backhaul delay sub_b
	3.5+MSP + upper layer processing
	136.8
 (SR period =1ms)
	86.8
(SR period =1ms)

	
	
	
	
	145.8
 (SR period =10ms)
	95.8
(SR period =10ms)


Table-4 Latency evaluation result of scenario 2-3 (UL unicast + DL SC-PTM)
	Latency components
	Latency

	L-RRC
	L-UL
	L-NW_scptm
	L-DL_scptm
	Optional
	Mandatory

	50
	17.5+SR period + (1+8*Target BLER(%)/100)

	backhaul delay sub_a + backhaul delay sub_b
	3.5+SSP+upper layer processing
	106.8
 (SR period =1ms)
	56.8
(SR period =1ms)

	
	
	
	
	115.8
 (SR period =10ms)
	65.8
(SR period =10ms)


According to the above tables, it is observed:
Observation 2: For Scenario 2, the latency requirement can be satisfied if only the mandatory latency components are considered.
Based on observation 2, the latency requirement can be satisfied when considering the UE performing unicast transmission or reception is kept in RRC_CONNECTED. 
Proposal 3: For scenario 2, to meet the latency requirement, the UE performing unicast transmission or reception should be kept in RRC_ CONNECTED. 
2.2.3. Scenario 3 
Scenario 3 includes two sub-scenarios: Scenario 3A and Scenario 3B. If the same transmission method is adopted, Scenario 3A and 3B will have the same latency. Thus the evaluation result shown in the following is further classified into scenario 3A/3B-1(UL unicast + DL unicast + PC5), scenario 3A/3B-2 (UL unicast + DL eMBMS + PC5) and 3A/3B -3(UL unicast + SC-PTM + PC5). The evaluation results are shown in Table-5, Table-6 and Table-7.
Table-5 Latency evaluation result of scenario 3A/3B-1(UL unicast + DL unicast + PC5)
	
	Latency components
	Latency

	
	Latency of scenario 1
	Latency of scenario 2-1
L-RSU
	L-RSU
	Optional
	Mandatory

	Mode 1

	179.2
 (SR period =1ms)
	104.6
(SR period =1ms)
	472.1
 (SR period =1ms)
	48.1
(SR period =1ms)
	upper layer processing
	654.3
 (SR period =1ms)
	155.7
(SR period =1ms)

	
	192.7
 (SR period =10ms)
	113.6
(SR period =10ms)
	481.1
 (SR period =10ms)
	57.1
(SR period =10ms)
	
	676.8
 (SR period =10ms)
	170.7
(SR period =10ms)

	Mode 2
	162.1
 (SR period =1ms)
	87.5
 (SR period =1ms)
	472.1
 (SR period =1ms)
	48.1
(SR period =1ms)
	upper layer processing
	637.2
 (SR period =1ms)
	138.6
(SR period =1ms)

	
	166.6
 (SR period =10ms)
	87.5
 (SR period =10ms)
	481.1
 (SR period =10ms)
	57.1
(SR period =10ms)
	
	650.7
 (SR period =10ms)
	147.6
(SR period =10ms)


Table-6 Latency evaluation result of scenario 3A/3B-2(UL unicast + DL eMBMS + PC5)
	
	Latency components
	Latency

	
	Latency of scenario 1
	Latency of scenario 2-2
L-RSU
	L-RSU
	Optional
	Mandatory

	Mode 1

	179.2
 (SR period =1ms)
	104.6
(SR period =1ms)
	136.8
 (SR period =1ms)
	86.8
(SR period =1ms)
	upper layer processing
	319
 (SR period =1ms)
	194.4
(SR period =1ms)

	
	192.7
 (SR period =10ms)
	113.6
(SR period =10ms)
	145.8
 (SR period =10ms)
	95.8
(SR period =10ms)
	
	341.5
 (SR period =10ms)
	212.4
(SR period =10ms)

	Mode 2
	162.1
 (SR period =1ms)
	87.5
 (SR period =1ms)
	136.8
 (SR period =1ms)
	86.8
(SR period =1ms)
	upper layer processing
	301.9
 (SR period =1ms)
	177.3
(SR period =1ms)

	
	166.6
 (SR period =10ms)
	87.5
 (SR period =10ms)
	145.8
 (SR period =10ms)
	95.8
(SR period =10ms)
	
	315.4
 (SR period =10ms)
	186.3
(SR period =10ms)


Table-7 Latency evaluation result of scenario 3A/3B-3(UL unicast + SC-PTM + PC5)
	
	Latency components
	Latency

	
	Latency of scenario 1
	Latency of scenario 2-3
L-RSU
	L-RSU
	Optional
	Mandatory

	Mode 1

	179.2
 (SR period =1ms)
	104.6
(SR period =1ms)
	106.8
 (SR period =1ms)
	56.8
(SR period =1ms)
	upper layer processing
	289
 (SR period =1ms)
	164.4
(SR period =1ms)

	
	192.7
 (SR period =10ms)
	113.6
(SR period =10ms)
	115.8
 (SR period =10ms)
	65.8
(SR period =10ms)
	
	311.5
 (SR period =10ms)
	182.4
(SR period =10ms)

	Mode 2
	162.1
 (SR period =1ms)
	87.5
 (SR period =1ms)
	106.8
 (SR period =1ms)
	56.8
(SR period =1ms)
	upper layer processing
	271.9
 (SR period =1ms)
	147.3
(SR period =1ms)

	
	166.6
 (SR period =10ms)
	87.5
 (SR period =10ms)
	115.8
 (SR period =10ms)
	65.8
(SR period =10ms)
	
	285.4
 (SR period =10ms)
	156.3
(SR period =10ms)


According to the above Table-5, Table-6 and Table-7, even if only the mandatory latency components are considered, the latency requirement cannot be satisfied. 
Observation 3: For scenario 3, the latency requirement cannot be satisfied without further enhancements. .
In order to meet the latency requirement for Scenario 3, enhancements on multiple aspects should be considered jointly, which is indicated in Table-8.
Table-8 Latency enhancements
	
	Aspect
	Description  

	1
	L-RRC reduction
	UE should be kept in RRC_CONNECTED.

	2
	L-SL reduction
	Mode 2 or Mode 1 with reduced SC period (i.e., 20ms)is applicable.

	3
	L-NW reduction
	To avoid CN in the data path, some CN nodes can be collocated in eNB.

	4
	L-DL reduction
	For unicast (i.e. 7.8ms) and SC-PTM (i.e. 7.5ms), latency is very short and there is no further optimization on.
For eMBMS (i.e. 46.5ms), MSP can be reduced further, e.g. 20ms. 


In the following, the latency of scenario 3A/3B is evaluated considering the above latency enhancements. The latency calculation is based on 1ms SR period. 
Scenario 3A/3B-1: 138.6-10-40=88.6ms 
· Condition:
· SC period is reduced to 20ms.
· The data path skips CN and L-NW is reduced from 20ms to 10ms.
· Scenario 3A/3B-2/3: 147.3-10-40=97.3ms
· Condition:
· SC period is reduced to 20ms.
· Using SC-PTM to instead of eMBMS.
· The data path skips CN and L-NW is reduced from 20ms to 10ms.
With the assumed conditions, the latencies are 88.6ms and 97.3ms for scenario 3A/3B-1 and scenario 3A/3B-2/3 respectively. As shown, the latency requirement can be satisfied for scenario 3 with certain assume conditions.
Proposal 4:  For scenario 3, the latency requirement can be satisfied with joint consideration of the following conditions: 
· Keeping the UE using unicast transmission/reception in Uu interface in RRC_CONNECTED state.
· Keeping the UE using Mode1/2 resource allocation in RRC_CONNECTED state.
· Reducing the SC period;
· The data path skips CN;and
· Using SC-PTM to instead of eMBMS.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: The latency evaluation result captured in TR36.885 can be based on the dynamic scheduling with BSR procedure.
Proposal 2: For scenario 1, to meet the latency requirement, mode 2 and mode 1 with reduced SC period (e.g. 20ms) are applicable.
Proposal 3: For scenario 2, to meet the latency requirement, the UE performing unicast transmission or reception should be kept in RRC_ CONNECTED. 

Proposal 4:  For scenario 3, the latency requirement can be satisfied with joint consideration of the following conditions: 

· Keeping the UE using unicast transmission/reception in Uu interface in RRC_CONNECTED state.
· Keeping the UE using Mode1/2 resource allocation in RRC_CONNECTED state.
· Reducing the SC period;
· The data path skips CN;and
· Using SC-PTM to instead of eMBMS.
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