


[bookmark: _GoBack]333GPP TSG RAN WG1 Meeting #94	R1-1808300
Gothenburg, Sweden, 20 – 24 Aug., 2018

Agenda Item:	7.2.4.3.1
Source:	Fujitsu
Title:	Discussion on latency performance of Uu-based sidelink resource allocation
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 meeting, a new SID on 3GPP V2X phase 3 [1] was approved. It is agreed that the V2X phase 3 shall be a complementary to LTE V2X  [2] and shall support advanced V2X services [3] beyond services supported in LTE Rel-15 V2X. In the SID, one of the objectives is Uu-based sidelink resource allocation:
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 


In this contribution, we discuss about necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network.

[bookmark: _Ref129681832]Discussion about latency of V2X Mode 3
Based on the SID [1], NR-V2X is expected to support the full set of advanced V2X services specified in TR 22.886 [4] and TS 22.186 [3]. Besides, NR-V2X shall complement LTE-V2X for advanced V2X services.  The advanced V2X services are classified into the following four use case groups: 
· Vehicle Platooning
· Advanced Driving 
· Extended Sensors
· Remote Driving
The max end-to-end latency requirements for the above use cases groups are ranging from 3 ms to 500 ms. Considering that Rel.15 LTE-V2X already support the 10 ms and above latency targets,  NR-V2X shall support the latency targets below 10 ms (e.g., 3 ms and 5 ms). 
Observation 1: The minimum latency target for NR-V2X is 3 ms.
In Rel. 14 and Rel. 15 LTE-V2X, in-coverage RRC_CONNECTED VUEs can be configured by eNB to operate in mode 3. Mode 3 is a Uu-based SideLink (SL) resource allocation mode and resources are scheduled by eNB. In this mode, the eNB schedules SL transmissions by Downlink Control Information format 5A (DCI-5A). The VUE uses the resources indicated in DCI-5A to transmit Sidelink Control Information format 1 (SCI-1) and SL data. The SCI-1 incorporates the contents in DCI-5A to inform vehicle receivers about the associated SL data transmission.
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Figure 1. Uu-based sidelink resource allocation mode (mode 3) in LTE-V2X: (a) in-coverage VUEs can be configured to operate in mode 3, (b) sidelink resources are scheduled by DCI-5A

In LTE-V2X mode 3, the VUE sends scheduling request (SR) followed by buffer status report (BSR) for requesting SL resources. In other words, if there is no available resource/grant when V2X traffic arrives at the VUE side, the VUE shall send SR for requesting PUSCH resources first, then transmit SL BSR according to the received UL grant. Based on the SL BSR, the eNB can determine that the UE has data for a SL transmission and schedule corresponding SL resources. Considering 1 ms TTI on both Uu and PC5, the latency from V2X traffic arrival to transmission is at least 17.5 ms (refer to the appendix for details). Taking into account the propagation delay and the processing delay at receivers, the end-to-end delay would be higher than 17.5 ms.

LTE Uu control NR sidelink
In Figure 2, we show an example of a LTE FDD network scheduling NR SL. In the example, we assume that LTE network and NR SL operate at separate frequency bands. Since NR supports variable SCS, it is reasonable to consider variable SCS on NR sidelink as well. The slot duration for NR SL is set as 1 ms and 0.5 ms based on 15 kHz and 30 kHz SCS, respectively. As can be observed from Figure 2, there is no difference between LTE-V2X and LTE Uu controlled NR-V2X on channel access latency. Considering error-free transmissions on Uu and sidelink, the achievable latency for the example shown in Figure 2 is summarized in Table I. As can be seen in Table I, the achievable latency is much higher than the latency requirement of 3 ms.
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Figure 2. Procedure of requesting SL resources for mode 3 NR-VUEs in the covearge of a LTE network


Table I. Achievable latency for LTE Uu controlled NR-V2X mode 3 operation (Uu: 1ms TTI)
	Step
	Description
	Delay (ms)
Uu: 1 ms TTI

	
	
	SL: 1 ms TTI 
	SL: 0.5 ms TTI

	1
	Average waiting time for PUCCH (1/2 SR period)
	0.5

	2
	NR-VUE sends SR on PUCCH
	1

	3
	eNB processing delay (eNB decodes SR and generates UL grant)
	3

	4
	eNB transmits UL grant
	1

	5
	NR-VUE processing delay (NR-VUE decodes UL grant and encodes SL BSR) + waiting time for PUSCH
	3

	6
	NR-VUE sends SL BSR
	1

	7
	eNB processing delay (gNB decodes SL BSR and encodes SL grant)
	3

	8
	eNB transmits SL grant 
	1

	9
	NR-VUE processing delay (NR-VUE decodes SL grant and encodes SL data) + slot alignement
	1
	0.5

	10
	UE sends SL data
	1
	0.5

	
	Total delay (ms)
	15.5
	14.5  



As already been analyzed during the discussion of Rel.15 LTE-V2X [6], the major contributing factor to the overall delay in mode 3 is the channel access latency. Hence, it is intuitional to employ subslot on Uu to reduce the latency on Uu-plane. The achievable latency employing subslot of 2 symbols on Uu is shown in Table II. Here, although both the eNB and NR-VUE processing delays downscale along with short TTI length, they still subject to hardware capability. Based on the analysis in [7], we took a reasonable value of 5 sTTI processing time which is around 0.71 ms. As can be seen from Table II, even with short TTI operation, it still fails to meet the stringent latency requirement of advanced V2X services.  

Table II. Achievable latency for LTE Uu controlled NR-V2X mode 3 operation (Uu: 0.14 ms TTI)
	Step
	Description
	Delay (ms)
Uu: subslot of 2 symbols (0.14 ms TTI)

	
	
	SL: 1 ms TTI 
	SL: 0.5 ms TTI

	1
	Average waiting time for PUCCH (1/2 SR period)
	0.07

	2
	NR-VUE sends SR on PUCCH
	0.14

	3
	eNB processing delay (eNB decodes SR and generates UL grant)
	0.71

	4
	eNB transmits UL grant
	0.14

	5
	NR-VUE processing delay (NR-VUE decodes UL grant and encodes SL BSR) + waiting time for PUSCH
	0.71

	6
	NR-VUE sends SL BSR
	0.14

	7
	eNB processing delay (gNB decodes SL BSR and encodes SL grant)
	0.71

	8
	eNB transmits SL grant 
	0.14

	9
	NR-VUE processing delay (NR-VUE decodes SL grant and encodes SL data) + slot alignement
	1.14
	0.64

	10
	UE sends SL data
	1
	0.5

	
	Total delay (ms)
	4.93
	3.93



Observation 2. The latency requirement of 3 ms cannot be achieved for LTE Uu controlled mode 3 NR-V2X without any enhancement.
Proposal 1. Enhancements on latency reduction for LTE Uu controlled mode 3 NR-V2X need to be discussed.

NR Uu control NR sidelink
In this section, we analyze the latency performance of NR controlled NR sidelink in two cases: TDD and FDD. In Figure 3, we show an example of NR SL scheduled in a NR TDD network. The NR network operates on FR 1 (< 6GHz) and the slot duration on Uu is 0.5 ms based on 30 kHz SCS, which we think is a reasonable value considering the balance of cellular radius and latency. We assume the configuration of partial-DL/UL slot [8, 9] is as follows: the first 6 symbols are configured as DL symbols for PDCCH and PDSCH transmissions and the last 7 symbols are configured as UL symbols for PUCCH and PUSCH transmissions. The configuration of 7 symbols for PUCCH is to guarantee the reliability of SR transmissions. The rest symbol is configured as guard period between DL and UL. As for the configuration of SL, the slot duration is 1 ms and 0.5 ms based on 15 kHz SCS and 30 kHz SCS, respectively. The achievable latency corresponding to the TDD example shown in Figure 3 is summarized in Table III. Table IV gives the latency performance for the FDD network case. Here, we assume that gNB processing time can be very short (e.g. < 0.14 ms). Moreover, the assumption of SL TB preparation capabilities is based on the PUSCH preparation timing capabilities [5].
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Figure 3. Procedure of requesting SL resources for mode 3 NR-VUEs in the coverage of a NR network

Table III. Achievable latency for NR Uu controlled NR-V2X mode 3 operation (TDD)
	Step
	Description
	Delay (ms)

	
	
	SL: 1 ms TTI 
	SL: 0.5 ms TTI

	1
	Average waiting time for PUCCH (1/2 SR period)
	0.25

	2
	VUE sends SR on PUCCH 
	0.25

	3
	gNB processing delay (gNB decodes SR and generates UL grant) + time alignment
	0.5

	4
	gNB transmits UL grant
	0.11

	5
	VUE processing delay (VUE decodes UL grant and encodes SL BSR) + time alignment 
	0.64

	6
	VUE sends SL BSR
	0.25

	7
	gNB processing delay (gNB decodes SL BSR and encodes SL grant) + time alignment
	0.5

	8
	gNB transmits SL grant 
	0.11

	9
	VUE processing delay (VUE decodes SL grant and encodes SL data) + slot alignement
	0.89
	0.39 / 0.89 
Depends on SL TB preparation capabilities

	10
	UE sends SL data
	1
	0.5

	
	Total delay (ms)
	4.5
	3.5 / 4



Table IV. Achievable latency for NR Uu Controlled NR-V2X mode 3 operation (FDD)
	Step
	Description
	Delay (ms)

	
	
	SL: 1 ms TTI 
	SL: 0.5 ms TTI

	1
	Average waiting time for PUCCH (1/2 SR period)
	0.25

	2
	VUE sends SR on PUCCH
	0.25

	3
	gNB processing delay (gNB decodes SR and generates UL grant) + time alignment
	0.25

	4
	gNB transmits UL grant
	0.11

	5
	VUE processing delay (VUE decodes UL grant and encodes SL BSR) + time alignment
	0.39 / 0.5
Depends on PUSCH preparation capabilities [5]

	6
	VUE sends SL BSR
	0.25

	7
	gNB processing delay (gNB decodes SL BSR and encodes SL grant) + time alignment
	0.14 / 0.25
Depends on the timing of step 5

	8
	gNB transmits SL grant 
	0.11

	9
	VUE processing delay (VUE decodes SL grant and encodes SL data) + slot alignement
	0.89
	0.39 / 0.89
Depends on SL TB preparation capabilities

	10
	UE sends SL data
	1
	0.5

	
	Total delay (ms)
	3.75
	3.25 / 2.75



As can be seen from Table III and Table IV, the latency target of 3 ms cannot be met in most cases either in TDD or FDD networks. Only when short TTI with 0.5 ms and high-end VUEs that have faster processing capability are employed, the latency with 2.75ms can be achieved. Considering above calculations do not include the propagation delay and processing delay at receivers, it is questionable whether the stringent end-to-end latency target can be satisfied. Therefore, we believe that some latency enhancements are also necessary for NR Uu controlled NR-V2X mode 3 operation.
Observation 3: Latency enhancements for NR Uu controlled mode 3 NR-V2X are also necessary to fulfil the requirement in Rel.16 NR-V2X use cases.
Proposal 2. Discuss latency reduction techniques for NR Uu controlled mode 3 NR-V2X as well.

Conclusions
In this contribution, we analyze the latency performance of Uu-based sidelink resource allocation for NR-V2X. The following proposals and observations are made:
Observation 1: The latency targets for NR-V2X are 3 ms and above.
Observation 2. The latency requirement of 3 ms cannot be achieved for LTE Uu controlled mode 3 NR-V2X without any enhancement.
Proposal 1. Enhancements on latency reduction for LTE Uu controlled mode 3 NR-V2X need to be discussed.
Observation 3: Latency enhancements for NR Uu controlled mode 3 NR-V2X are also necessary to fulfil the requirement in Rel.16 NR-V2X use cases.
Proposal 2. Discuss latency reduction techniques for NR Uu controlled mode 3 NR-V2X as well.
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Appendix. Latency performance of LTE-V2X
Figure 4 shows the procedure for a LTE-VUE to request sidelink resources when there is no available resources/grant when V2X traffic arrives. As summarized in Table V, the achievable latency from V2X traffic arrival to transmission is 17.5 ms with 1 ms TTI on both Uu and sidelink.
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Figure 4. Procedure of requesting SL resources for LTE-V2X mode 3 VUEs

Table V. Achievable latency for LTE-V2X mode 3 operation (1ms TTI)
	Step
	Description
	Delay (ms)

	1
	Average waiting time for PUCCH (1/2 SR period)
	0.5

	2
	LTE-VUE sends SR on PUCCH
	1 

	3
	eNB processing delay (eNB decodes SR and generates UL grant)
	3 

	4
	eNB transmits UL grant
	1

	5
	LTE-VUE processing delay (VUE decodes UL grant and encodes SL BSR)
	3

	6
	LTE-VUE sends SL BSR
	1

	7
	eNB processing delay (eNB decodes SL BSR and encodes SL grant)
	3 

	8
	eNB transmits SL grant 
	1

	9
	LTE-VUE processing delay (VUE decodes SL grant and encodes SL data)
	3 

	10
	LTE-VUE sends SL data
	1 

	
	Total delay (ms)
	17.5
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