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Discussion and Decision
1
Introduction
In [1], simulation scenarios and KPIs are included especially for eMBB and mMTC. For URLLC, there are still quite many open items. And this can be seen from [2] as well. For example, the following agreement was achieved with FFS proposals:

”The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 

· URLLC capacity is defined as delivered traffic given the (L, R) constraint

· Denoted as C(L,R) 

· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T
FFS until RAN1#86:

· Proposal 1: Single URLLC traffic model should be used evaluate URLLC KPIs

· Example: Fixed packet size of 32 Bytes, Poisson arrival rate of (,

· Example: single directional and bi-directional traffic could be considered

· Proposal 2: Latency metric should capture transmission latency, processing latency, retransmission latency and queuing/scheduling latency 

· Proposal 3: Link level BLER evaluation should include control and data channels
· With and without other cell interference
· Proposal 4: System level evaluation should capture other cell interferences“
In this contribution we specifically discuss all above URLLC related open issues for performance evaluation.
2
Open issues for URLLC evaluation 
2.1 Traffic model
In last RAN1 meeting, the open issues related to traffic model are as following:

· Proposal 1: Single URLLC traffic model should be used evaluate URLLC KPIs

· Example: Fixed packet size of 32 Bytes, Poisson arrival rate of (,

· Example: single directional and bi-directional traffic could be considered

In general, traffic model has a close link with use case/scenarios. In [3], different critical communication related use cases are discussed, for example industrial factory automation and control, protection of smart grid network, augmented reality, UAV control and so on. Usually different use cases have different traffic models. Taking the packet size as an example, it can vary a lot from one use case to another. For example it is mentioned in [3] that in case of industrial control, transaction payloads are expected to be around 50-100 bytes. While in case of for example remote control where human interaction is involved, the experienced data rate can be rather high for example 250 Mbps. Clearly, a packet size of 32 bytes is rather small in comparison. Moreover considering the future V2V communication, especially safety related communication, the message size can be larger than 100 bytes. In current RAN1 V2V evaluation, two packet sizes are considered: 190 and 300 bytes. Therefore, it would be better to take into account the packet size requirements from different URLLC related use cases.
From RAN1 point of view, the most important aspect is to define valid models which can be used to evaluate and compare different technical solutions and also check whether the proposed schemes can meet URLLC requirements. Considering the tradeoff between complexity and validity, we make the following observation and proposal: 
Observation 1: Traffic model varies a lot depending on the use cases. It would be better to specify two set of parameters, one with small packet size, for example 50 bytes, and another one with relatively large packet size, for example 300 bytes. 

Similarly, when discussing whether the traffic is uni-directional only or bi-directional, upper layer protocol should be taken into account as well. For example in case of UDP based traffic, no acknowledgement is needed and hence uni-directional traffic might be sufficient. However, when considering TCP type of traffic, bi-directional traffic is necessary. Moreover the future use cases and scenarios need to be considered for example V2V communication. In the current V2V communication, CAM/DENM type of application is the focus where uni-directional message is enough, while it is predicted that in the future autonomous driving might require bi-directional communication in order to make critical decisions based on the received feedback. Therefore, it would be beneficial to define the typical URLLC use cases first and then discuss the corresponding traffic models.

Based on our discussion, we make the following observation:

Observation 2: Whether uni-directional or bi-directional traffic should be considered depends on higher layer protocol and use cases as well.
Proposal 1: Traffic model should be selected together with use case/scenarios. Both uni-directional and bi-directional traffic types should be considered and bi-directional traffic should have high priority to ensure broad support of URLLC use cases in NR. 
2.2. Latency metric
According to [1], user plane latency is defined as “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.”. In the last meeting there was discussion about latency metric with open issue that is which latency components should be included in the overall latency budget. 
“Proposal 2: Latency metric should capture transmission latency, processing latency, retransmission latency and queuing/scheduling latency”

Different latency components include: queuing latency, latency due to frame/subframe alignment, scheduling, TX processing, RX processing, data transmission and retransmission. As shown in [4], for dynamic scheduling, scheduling resource for a UE can bring a lot additional latency especially in UL. In order to align with LTE latency analysis in [5], UE scheduling latency (i.e. scheduling request, resource grant and related processing time) will not be included in the latency metric for the later ITU-R work where the U-Plane latency should follow the IMT-A definition. While within RAN1 study especially considering URLLC services, all the latency elements should be taken into account and within the scope of potential optimization. Based on this, we propose to modify the original proposal as:
Proposal 2: In order to be comparable, ITU-R IMT-2020 latency metric is expected to follow the IMT-A definition. This includes frame/subframe alignment, processing latency, retransmission latency and queuing latency, as in TR36.912. However, from RAN1 study point of view, UE scheduling latency should be considered into user-plane latency as well.
2.3. Modelling of inter-cell interference

Inter-cell interference is one of the key elements which impacts on user experience. Regarding to inter-cell interference, the following two proposals are under discussion in RAN1:“
· Proposal 3: Link level BLER evaluation should include control and data channels
· With and without other cell interference
· Proposal 4: System level evaluation should capture other cell interferences”
As to Proposal 3, in our opinion, as discussed in a companion contribution [6], URLLC clearly brings high reliability requirements on control channel as well on top of strict reliability requirements on data channel. Therefore it is necessary to evaluate the control channel performance in order to ensure it is not a limiting factor for URLLC performance. 
In general, system-level simulations need to consider inter-cell interference, otherwise they do not represent the intended deployment scenarios, and URLLC use cases are with no exception. For specific scenarios, e.g. factory, only relevant interference sources can be considered by properly defining the scenarios themselves. For link level simulations, in most cases there is no need to model inter-cell interference explicitly since capturing a representative range of SINR values is sufficient. Hence, explicit modeling of inter-cell interference should not be assumed for URLLC simulations, unless a clear need is identified.

Based on this, we have the following proposals:

Proposal 3: Link level BLER evaluation should include both control and data channels.

Proposal 4: Interference from other cells should be captured in system level simulations. For link level simulation, explicitly modeling inter-cell interference is not assumed unless a clear need is identified.
3
Conclusion
This contribution addressed the FFS points about URLLC evaluation. Related to traffic model, we have the following observations and proposal:
Observation 1: Traffic model varies a lot depending on the use cases. It would be better to specify two set of parameters, one with small packet size, for example 50 bytes, and another one with relatively large packet size, for example 300 bytes. 
Observation 2: Whether uni-directional or bi-directional traffic should be considered depends on higher layer protocol and use cases as well.

Proposal 1: Traffic model should be selected together with use case/scenarios. Both uni-directional and bi-directional traffic types should be considered and bi-directional traffic should have high priority to ensure broad support of URLLC use cases in NR. 
We have the following proposal about latency metric:
Proposal 2: In order to be comparable, ITU-R IMT-2020 latency metric is expected to follow the IMT-A definition. This includes frame/subframe alignment, processing latency, retransmission latency and queuing latency, as in TR36.912. However, from RAN1 study point of view, UE scheduling latency should be considered into user-plane latency as well.
Furthermore we have: 
Proposal 3: Link level BLER evaluation should include both control and data channels.

Proposal 4: Interference from other cells should be captured in system level simulations. For link level simulation, explicitly modeling inter-cell interference is not assumed unless a clear need is identified.
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