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1 Introduction

A study item on New Radio Access Technologies was approved in RAN#71 [1]. TR38.913 [2] describes use-cases, requirements, deployment scenarios and the corresponding key performance indicators (KPIs) to guide the system design effort for this study item. Some of the KPIs in TR38.913, while providing high-level guidance w.r.t the performance targets to be met, need further clarification. 

This contribution focuses on the URLLC (Ultra-Reliable and Low Latency Communications) use-case. While several of the KPIs in [2] may be associated with this use-case, the definitions and evaluation methodology w.r.t compliance with the targets of two of these KPIs, namely, the user plane latency and the reliability, need further clarification. These KPIs, along with their targets, are discussed in the following Sections 2 and 3, respectively, followed by conclusions in Section 4.  
2 User-Plane Latency KPI
TR 38.913 [2] defines this KPI, and its target value, as follows.

· Definition: The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.

· Target value: 0.5 ms for both DL and UL, considered as an average value.

The calculation for the LTE U-plane one-way latency, as described and illustrated in Appendix B.2 of   TR36.912 [3], appears to implicitly conform to this definition. In [3], it is clarified that the U-plane one-way latency calculations apply to a scheduled UE. The parameters affecting this metric are noted to be the eNB and UE processing delays including the radio frame alignment (dependent on the frame structure and duplex mode), TTI (transmit time interval) duration, number of HARQ processes, and the number of HARQ re-transmissions for successful reception. Once the values of these parameters are determined, the user-plane latency can be calculated analytically. Some example calculations from [3] for the average user-plane latency of 3GPP Rel-8 are re-produced in the appendix. 
It is reasonable to assume that in the NR system, scheduling requests associated with URLLC traffic will be prioritized, so that queuing delays can be assumed to be negligible. Hence, only the latencies associated with the resource allocation request and grant portions of the scheduling process need to be accounted for as part of the eNB and UE processing delays.

  With this background, forthcoming NR latency studies may interpret the calculation of this KPI, and evaluate compliance w.r.t the target for this KPI, as follows. 

· Proposal 1: The user-plane latency KPI in TR 38.913 [2] is calculated, as in TR36.912 [3], w.r.t scheduled UEs. 
Compliance to the target value for this KPI as in [2] (of 0.5 ms in the average) is verified analytically, as follows. A certain maximum number of re-transmissions, with a certain probability of each re-transmission, are assumed, using which the average user-plane delay is calculated following the description in [3]; the calculated value is then compared to the target value of 0.5ms to check for compliance. 
The example in [3] may be followed, wherein a maximum of 1 re-transmission, occurring with a probability of 10%, is assumed.
3 Reliability KPI

TR 38.913 [2] defines this KPI, and its target value, as follows.

· Definition: the success probability of transmitting [X](FFS) bytes within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
· Target value: 1-10-5 within 1ms.
Based on the discussion in Section 2 above w.r.t the user-plane latency KPI, it is proposed that the latency requirement (1 ms) for this KPI is calculated w.r.t the scheduled UEs. As discussed in Section 2, due to the higher priorities assigned to URLLC traffic in the NR system, it is reasonable to assume that queuing latencies are negligible, so that only the latencies associated with the resource allocation request and grant need to be accounted for in the overall latency w.r.t this KPI.

The following two alternative techniques are proposed to verify compliance with the targets for this KPI.
· Proposal 2, Alt1: In this proposal, compliance to the targets for this KPI is verified by checking that there exists at least one combination of system timing and MCS value that meet the required KPI targets. 
· It is first verified that the transmission latency, calculated via knowledge of the eNB/UE processing delays, TTI duration, and a certain number of re-transmissions, meets the target latency value of 1 ms. It may be noted that the eNB/UE processing delays include delays due to radio frame alignment, as well as delays incurred in the resource allocation request and grant.
· Next, link-level simulations are conducted to verify the feasibility of achieving the target BLER of 10-5 , for the number of re-transmissions assumed in the delay calculation above, and for MCS values corresponding to the encoder packet size of [X](FFS) bytes, as in [2].  The link-level simulations incorporate the channel models relevant to the URLLC deployment scenario of interest.
· Proposal 2, Alt2: In this proposal, compliance to the targets for this KPI is verified w.r.t a fraction F of UEs in the URLLC deployment scenarios of interest. System-level simulations, incorporating the channel models relevant to the URLLC deployment scenario of interest, are conducted, modeling transmissions of encoder packet sizes of [X](FFS) bytes, as in [2]. The packet delays and BLERs for each UE are recorded. The fraction F of UEs which meet the KPIs, i.e., achieve at least 1 ms latency for each transmitted packet and achieve a BLER of at least 10-5, are identified.
In TR 38.913 [2] there is a mention of the eHealth use-case, wherein the reliability KPIs of 1ms latency and BLER of 10-5 have to be satisfied, along with a user-experienced data rate in the order of [300 Mbps]. Proposals 2 and 3 may be used to verify compliance with these targets for this use-case as well, by conducting the link-level and system-level studies, respectively, w.r.t the specific MCSs yielding the desired data rates in the order of [300 Mbps]. 
4 Conclusion
This contribution discussed the KPIs associated with the URLLC use-case in NR, as well as methodologies to verify compliance with the KPI targets, and made the following proposals.
Proposal 1: The user-plane latency KPI is calculated w.r.t the scheduled UEs. Compliance to the KPI target is verified analytically as per the methodology in TR 36.912 [3]. The detailed proposal is described in Section 2.
Proposal 2: The reliability KPI is calculated w.r.t the scheduled UEs. Compliance to the targets for this KPI (latency and BLER w.r.t a certain encoder packet size) is verified by: 
· Alt 1: analytical calculations and LLS studies, confirming that there exists at least one combination of system timing and MCS value that meets the targets.  The details are described in Section 3.
· Alt 2: SLS studies, confirming that a certain fraction F of users meets the KPI targets.  The details are described in Section 3.
5 References

[1] RP-160671, New SID Proposal: Study on New Radio Access Technology, NTT DOCOMO, RAN#71, March, 2016.

[2] 3GPP TR 38.913 v0.3.0, Study on Scenarios and Requirements for Next Generation Access Technologies, RAN#71, March, 2016.
[3] 3GPP TR 36.912 v13.0.0, Feasibility Study for Further Advancements for E-UTRA (LTE-Advanced), December, 2015.
6 Appendix
In Appendix B.2 of [3], the average user plane latency of 3GPP Rel-8 is calculated, with the example assumption of at most 1 re-transmission for successful reception, with a probability of 1 re-transmission of either 0% or 10%. 

With these example assumptions, it is shown that in the FDD case, the average U-plane latency are 4 ms  and 4.8 ms, in the case of a re-transmission probabilities of 0% and 10%, respectively. 

The following tables calculate the average U-plane latency in the TDD case for various DL:UL ratios, with the same example assumptions, i.e., at most 1 re-transmission, and with the initial transmission having a BLER of either 0% or 10%, i.e., with a probability (of 1 re-transmission) of either 0% or 10%.
Table B.2.2-2a in [4]: U-plane latency analysis with 0% HARQ BLER (average in downlink)
	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	5.2ms
	4.6ms
	4.2ms
	4.6ms
	4.3ms
	4.1ms
	4.9ms


Table B.2.2-2b in [4]: U-plane latency analysis with 0% HARQ BLER (average in uplink)
	Step
	Description
	 UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	4.6ms
	5.2ms
	6ms
	6.8ms
	7.6ms
	8.5ms
	4.9ms


Table B.2.2-3a in [4]: U-plane latency analysis with 10% HARQ BLER (average in downlink)
	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*10ms
	0.1*10.2ms
	0.1*9.8ms
	0.1*10.5ms
	0.1*11.6ms
	0.1*12.4ms
	0.1*11.2ms

	
	Total one way delay
	6.2ms
	5.62ms
	5.18ms
	5.65ms
	5.46ms
	5.34ms
	6.02ms


Table B.2.2-3b in [4]: U-plane latency analysis with 10% HARQ BLER (average in uplink)
	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*11.6ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*11.5ms

	
	Total one way delay
	5.76ms
	6.2ms
	7ms
	7.8ms
	8.6ms
	9.5ms
	6.05ms
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