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Introduction  
This document pertains to the following email discussion:
[103bis#39][NR/V2X] e2e delay (Intel)
	To capture e2e delay analysis based on R2-1815557 and R2-1813936. Expected output is agreeable TP
	Intended outcome: Agreeable TP submitted to next meeting
	Deadline:  Thursday 2018-11-01
 Discussion
This discussion is split into two phases. In the first phase, the aim is to collect company views on the overall delay analysis framework and the set of assumptions and parameters to be considered. In the second phase, based on companies’ input, an agreeable TP capturing the delay analysis will be produced to be submitted to the next meeting.
Note that the analysis in TR 37.910 [1] forms the basis of discussion in both the discussion documents ( [2] [3]). Furthermore, both documents assume remote driving as the main V2X use case targeted for the delay analysis over NR Uu interface. Therefore, we intend to focus on the 5 ms end-to-end latency requirement for this discussion. Additionally, the aim of this exercise is to focus on the radio delay and CN delay is not in the scope here [3].
1.1 Phase 1 - Overall methodology, assumptions and parameters for analysis

RAN2 needs to follow a series of steps involved for both UL and DL transmissions and the associated latency for this analysis. In this regard, the details are included in Figure 5.7.1.1-1 (reproduced below) and Table 5.7.1.1.1-1 for DL user plane latency and Table 5.7.1.1.1-2 for UL user plane latency. For this analysis, the same steps can generally be considered.

[image: ]
Figure 1 User plane procedure for evaluation
Question 1: Can the evaluation steps for user plane latency as in TR 37.910 section 5.7.1 be used as a baseline for UP latency analysis (both UL and DL)? If not, please indicate how the analysis should be performed.
	Company
	Comment

	Intel
	Yes

	Qualcomm
	Yes

	OPPO
	Yes

	Nokia
	Yes

	Samsung
	Yes

	ITRI
	Yes

	Huawei
	Yes

	LG
	Yes

	Interdigital
	Yes

	Apple
	Yes

	ZTE
	Yes

	Ericsson
	Yes

	MediaTek
	Yes



Rapporteur’s observation: All companies are ok with using evaluation steps in TR 37.910 for UP latency analysis.
Note that it is observed in [3] that based on RAN1’s assumption, the CN latency can be assumed as 3 ms for the best case scenario. Given the above, for the sake of the following discussion, we simply focus on the radio/over-the-air latency as the purview of this analysis.
The computation for the DL UP latency can be considered as follows (as in Table 5.7.1.1.1-1 in [1])
DL UP latency = T1 + n×THARQ where n is the number of re-transmissions (n≥0),
T1 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx

where tBS,tx is the BS processing delay for generating the packet, tFA,DL includes frame alignment time, and the waiting time for next available DL slot, tDL_duration corresponds to the TTI for DL data transmission and tUE,rx is the UE processing delay for decoding the packet.

For UL latency, a similar approach to DL case is used in [1], based on the assumption of grant free transmissions. However, in [2], further analysis is performed based on whether the UE has a valid SPS configuration or whether it needs to perform BSR procedure to acquire UL grant for transmission. So, the question is whether for UL, the case of SPS and dynamic scheduling (with and/or without BSR) needs to be considered for the analysis or whether the assumption of grant free transmission (as for DL case) can be assumed for this analysis. In case grant free transmission cannot be assumed for UL, the UP latency analysis needs to take into account the SPS periodicity and/or BSR/SR transmission/reception delays for transmission as in [2]. The computation for UL UP latency can be considered as follows

UL UP latency = T1 + n×THARQ where n is the number of re-transmissions (n≥0)
T1 = (tUE,tx + tFA,DL) + tUL_duration + tBS,rx (assuming grant free transmission)
T1 = (tUE,tx + tFA,DL) + tUL_duration + (tSPS_Period/2)+ tBS,rx (assuming SPS based transmission)

where tUE,tx is the UE processing delay for generating the packet, tFA,DL includes frame alignment time, and the waiting time for next available UL slot, tUL_duration corresponds to the TTI for UL data transmission, tSPS_Period is the SPS periodicity and tBS,rx is the BS processing delay for decoding the packet.
Note that actual values (in terms of symbol duration/ms) for the above parameters can be discussed/finalized in phase 2 of this discussion.

Question 2: For the case of computing UL UP latency, do companies think grant free transmissions can be assumed for the sake of this analysis or UL SPS and dynamic scheduling using SR/BSR need to be considered?
	Company
	Comment

	Intel
	For ease of analysis, grant free for UL can be assumed. Alternatively, SPS based operation can be considered as well. However, since remote driving has such stringent delay requirement, the case of dynamic scheduling using BSR does not seem likely to us to be applicable for this case.

	Qualcomm
	Agree with Intel

	OPPO
	Agree with Intel, Qualcomm

	Nokia
	Grant free transmissions should be assumed.

	Samsung
	Agree with Intel, Qualcomm, OPPO

	ITRI
	Agree with Intel, Qualcomm, OPPO,Samsung

	Huawei
	Agree with Nokia. Grant free shall be considered as the baseline.

	LG
	We have same view with Intel

	Interdigital
	Agree with Intel

	Apple
	Agree with Intel.

	ZTE
	Agree that grant free and SPS are assumed for UP latency analysis. However, dynamic scheduling using SR/BSR shall also be considered to be captured for comparison.

	Ericsson
	Agree with Intel

	MediaTek
	Agree with ZTE



Rapporteur’s observation: All companies are ok to consider grant free case. In addition, 10companies are also ok with considering SPS based transmission for UL delay analysis. One company wants to consider dynamic scheduling using SR/BSR in the analysis. Based on majority view, both grant free and SPS based UL cases are considered in the analysis.
Since the user traffic corresponding to remote driving is foreseen to be modelled primarily as URLLC traffic, certain assumptions can be made when evaluating the latency. As a matter for fact, [1] contains a dedicated section for latency analysis for URLLC, which simply points to the eMBB analysis in the prior section (as described above). Based on the aforementioned understanding, it can be assumed that the initial transmission error rate for this traffic is expected to be very small (<< 0.1) and so the probability of HARQ re-transmissions required (n≥0) is negligible. This can simplify the above analysis in that only the initial transmission needs to be considered when computing the average UP latency.
Question 3: When modelling remote driving traffic as URLLC, can it be assumed that the probability of HARQ retransmissions required is negligibly small (i.e. n ≈ 0 in the above equations)?
	Company
	Comment

	Intel
	In order to meet the delay requirement, we expect specific UEs running remote driving applications to be mapped to resources (for DL/UL transmissions) such that very small initial transmission error probabilities are ensured. In any case, even if HARQ retransmissions are required in some cases, n should be sufficiently small so as to not impact the average delay significantly.

	Qualcomm
	Yes, the HARQ retransmissions in Uu can be negligible

	OPPO
	It is more like to be evaluate by RAN1 whether HARQ re-transmission is needed or not. E.g., one can refer to Table 5.7.1.1.2-2-2~7 in TR 37.910 for different resulted latency for different probability of HARQ re-transmission.

	Nokia
	Latency should not be looked at in isolation. Reliability should also be factored in. And for strict reliability targets, p=0 may not always be a reasonable assumption.

	Samsung
	Yes

	ITRI
	Yes

	Huawei
	Yes, agree with Intel.

	LG
	We have same view with OPPO. It could be evaluated by RAN1

	Interdigital
	Yes, agree with Intel

	Apple
	Yes, agree with Intel.

	ZTE
	The initial transmission error probability assumed as 0 may be too idealistic. HRAQ re-transmission shall be considered.

	Ericsson
	It is suspicious to simply assume the error probability is 0. Maybe it is more reasonable to provide analysis with different HARQ retransmission probabilities similar as in Table 5.7.1.1.2-2-2~7 in TR 37.910. 

	MediaTek
	Agree with Nokia and Ericsson



Rapporteur’s observation: There was a somewhat divided view as 7/13 companies are ok with assuming very small probability of error (no need to consider HARQ retransmissions), while 4 companies want to explicitly consider latency assuming HARQ retransmissions. In addition, 2 companies want to leave this discussion to RAN1. As a compromise, separate tables for the two cases are provided in the TP.
Finally, we need to consider the set of parameters and values to consider for this analysis. Specifically, [1] includes a wide variety of parameters and values for SCS, resource mapping patterns, initial transmission error probability, UE capabilities (1 or 2) and slot vs non-slot based transmissions. However, to simplify the analysis based on certain assumptions, some parameters and values may not need to be considered here. For instance, only UE capability 2 might be considered based on the assumption that it corresponds to URLLC service capable UEs. Similarly, only (p = 0) may be considered, based on prior discussion for Q3.
Question 4: Can the following set of parameters and values in Table 1 be adopted for the sake of this analysis (for UL and DL) from section 5.7.1.1 in [1]?
Table 1 Parameters/values to consider for delay analysis
	Variable/Parameter
	Value to use for this analysis

	UE processing capability (adapted from TR 38.214 table 6.4-1 and 6.4-2)
	UE capability 2

	SCS
	15 kHz

	Slot scheduling/transmission
	Non-slot based transmission spanning 2OS

	Initial transmission error probability
	0

	UL grant periodicity
	2 OS



The above parameter set is based on the assumption that remote driving can be classified as highly delay critical traffic and can be afforded specific configuration to minimize the latency incurred. 
If the above is not agreeable, please explain and suggest additional factors to consider.
	Company
	Comment

	Intel
	The above parameters seem sufficient for an initial evaluation. For the case of SCS, we observe that the general trend from Table 5.7.1.1.1 seems to be that increasing SCS reduces the delay incurred, so if 15 kHz SCS yields low “enough” latency values, capturing higher SCS values may not be essential.

	Qualcomm
	The above parameter set is OK, except that for SCS, we think both 15Khz and 30Khz shall be included. This can give a more complete picture of the delay analysis with some typical numerologies used in NR Uu interface.

	OPPO
	Given all the result in 37.910, we can anyway get the result for all cases? And the conclusion on the cases/scenarios where the requirement can be satisfied can be done in Phase-2.

	Nokia
	We should not exclude larger SCS from the start.

	Samsung
	Agree with Qualcomm, i.e. both 15 kHz and 30 kHz need to be considered.

	ITRI
	Agree with Qualcomm an Nokia, we need to consider more SCS, 15KHZ is not enough

	Huawei
	Agree with Nokia that larger SCS should not be excluded. 60kHz SCS shall be considered since we need to evaluate whether the latency requirements can be satisfied for the best case (since the larger the SCS, the lower the latency), so both 15kHz and 60kHz need to be considered.

	LG
	We have same view with Nokia. We should not exclude larger SCS.

	Interdigital
	NR Uu support {15, 30, 60} kHz in FR1 and {60, 120} kHz in FR2.  So at least SCSs for best and worst cases in each frequency band should be considered.

	Apple
	In general, we agree with Nokia we should not exclude larger SCS from the start.
Spefically, in FR1, 30kHz SCS should also be considered and 60kHz SCS could be FFS. In FR2, both 60kHz and 120kHz SCS should be considered.In FR2, at least 60kHz and 120kHz SCS should be considered and 240kHz SCS could be FFS.

	ZTE
	The initial transmission error probability assumed to 0 may be too idealistic. Suggest to use other value, e.g. 0.1, as initial transmission error probability for evaluation.

	Ericsson
	Agree with Nokia and OPPO, maybe it’s better to keep results for different SCS options. Besides, non-zero initial transmission error probability should be considered. 

	MediaTek
	Agree with OPPO, since this evaluation is not the simulation, numerical results include possible parameters for comparison is ok. Especially, larger SCS should not be excluded, due to small symbol duration.



Rapporteur’s observation: The two main suggestion from companies appear to be to include higher SCS values and non-zero initial transmission error probabilities. Both have been addressed in the TP provided.

1.2 Phase 2 - Capturing delay analysis based on phase 1
Based on the above views, the email rapporteur makes the following observations/proposals:
· Both initial transmission error probabilities, p of 0 and 0.1 can be considered in the analysis. In this case, from [1], it can be seen that in case of latter, the overall latency is dependent on the total number of HARQ retransmissions as well. For the case of non-zero transmission error probability, i.e. p=0.1, the tables in TR 37.910 comprise of averaged latency results. Therefore, two separate tables, corresponding to p=0 and 0.1 are provided in the annex. 
· Based on views from the majority of companies, SCS of 30 and 60 kHz will additionally be considered and captured in the tables from TR 37.910. 
· Both grant free and SPS based transmission can be assumed for this analysis. For computing SPS latency, an average duration of 1 OFDM symbol (half of 2OS periodicity) is added to the grant free UL latency values.
· Only the case of FDD and FR1 is captured here and it is assumed that the analysis for Rel-16 URRLLC will consider a wider range of configurations and frequencies including both FDD and TDD operation for FR1 and FR2.
The tables and TP based on the above recommendations are captured in the annex. Companies are asked to review and indicate their comments below.
Question 5: Do companies agree with the above observations and proposals and the TP in the annex to be captured in the TR?
	Company
	Comment

	MediaTek
	Agree



Conclusion
Based on the views from companies that participated in this discussion, the following observations and proposal are provided:
Rapporteur’s observation 1: All companies are ok with using evaluation steps in TR 37.910 for UP latency analysis.
Rapporteur’s observation 2: All companies are ok to consider grant free case. In addition, 10companies are also ok with considering SPS based transmission for UL delay analysis. One company wants to consider dynamic scheduling using SR/BSR in the analysis. Based on majority view, both grant free and SPS based UL cases are considered in the analysis.
Rapporteur’s observation 3: There was a somewhat divided view as 7/13 companies are ok with assuming very small probability of error (no need to consider HARQ retransmissions), while 4 companies want to explicitly consider latency assuming HARQ retransmissions. In addition, 2 companies want to leave this discussion to RAN1. As a compromise, separate tables for the two cases are provided in the TP.
Rapporteur’s observation 4: The two main suggestion from companies appear to be to include higher SCS values and non-zero initial transmission error probabilities. Both have been addressed in the TP provided.

Proposal: It is proposed that RAN2 captures the provided latency analysis in the TP (in the attached annex) as part of the TR.
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In this section, the overall radio latency incurred over NR Uu to support advanced V2X use cases is analyzed. The analysis itself is based on the evaluation done in TR 37.910[] for both the UL and DL case. The set of parameters considered for this evaluation is provided in Table x-1:
Table x-1 Parameter/configuration for this evaluation

	Parameter/configuration
	Value

	Subcarrier spacing
	15 kHz, 30 kHz and 60 kHz

	Initial transmission error probability
	0, 0.1

	UL transmission scheme
	Grant free, Configured Grant (with 2 OS periodicity)



The following assumptions are additionally made to obtain the results for the latency analysis:
· UE processing capability is adapted from TR 38.214 table 6.4-1 and 6.4-2 and this evaluation assumes UE processing capability 2.
· Non-slot based PDSCH/PUSCH allocation (transmission duration) of 2OS is considered in order to meet the latency requirement for advanced V2X use cases
· Both grant free transmission and configured grant based transmission are considered for the UL case.
Based on the above set of parameters/configurations and assumptions, the overall latency results are captured from TR 37.910[] in Tables x-2 and x-3, corresponding to transmission error probabilities of 0% and 10% respectively.
Table x-2 UP latency for different SCS assuming initial transmission probability p=0 (ms)

	UP latency assuming p=0
	SCS

	
	15 kHz
	30 kHz
	60 kHz

	UL latency using Grant free transmissions
	0.52
	0.30
	0.24

	UL latency using configured grant (with 2OS periodicity)
	0.59
	0.33
	0.26

	DL latency using unicast transmission
	0.49
	0.29
	0.23

	End-to-end latency assuming grant free UL
	1.01
	0.59
	0.47

	End-to-end latency assuming configured grant UL transmission(with 2OS periodicity)
	1.08
	0.62
	0.49



Table x-3 UP latency for different SCS assuming initial transmission probability p=0.1 (ms)

	UP latency assuming p=0.1
	SCS

	
	15 kHz
	30 kHz
	60 kHz

	UL latency using Grant free transmissions
	0.62
	0.36
	0.28

	UL latency using configured grant (with 2OS periodicity)
	0.69
	0.39
	0.30

	DL latency using unicast transmission
	0.60
	0.35
	0.28

	End-to-end latency assuming grant free UL
	1.22
	0.71
	0.56

	End-to-end latency assuming configured grant UL transmission(with 2OS periodicity)
	1.29
	0.74
	0.58



Observations:

Based on the results of analysis in the tables above, the following observations can be made:

· Using grant free UL transmissions, the end-to-end radio latency is below 2 ms, even when considering non-zero initial transmission error probability. For 30 and 60 kHz, the latency drops below 1 ms.
· Transmission using configured UL grant with 2 OFDM symbol periodicity increases the latency for all cases, while still remaining below 2 ms. 
· The maximum end-to-end user plane latency incurred (i.e. excluding CN delay) considering the set of parameters and assumptions above is within the overall end-to-end latency requirement of 5 ms for the remote driving V2X use case. Assuming that the CN delay can be bounded by 3 ms, the total end-to-end latency over NR Uu can be bounded by 5 ms. 
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