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Introduction
[bookmark: _Hlk523733459]In RAN #81, a revised SID on Study on NR Industrial Internet of Things (IoT) is approved. The potential enhancements on UL/DL intra-UE prioritization are discussed and captured in this study item, as shown in the following [1]:
b)	UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
i)	Different latency and reliability requirements
ii)	Different types of resource allocation for example grant-free and grant-based allocations
In RAN2#104 meeting, one agreement is achieved and the following scenarios are considered for UL/DL intra-UE prioritization:
We will work on Scenario 1, 2, 3, 4, 5
In addition, tell R1 that there was also some support for scenarios 6 and 10, which we assume is only R1 scope.
In addition, one LS is sent from RAN1 to suggest an additional overlapping case, i.e. resource conflict on multiple CGs, and RAN2 is kindly request to take such case into account. 
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will further discuss RAN2 related conflict issue and give our proposals. 
[bookmark: _Ref178064866]Discussion
According to RAN2 agreement and RAN1 LS, we think we should focus on 4 different conflict cases, i.e. scenario 2 (i.e. configured grant vs. dynamic grant), scenario 3(i.e. dynamic grant vs. dynamic grant), scenario 4 (i.e. data vs. control) and the additional scenario (i.e. configured grant vs. configured grant). Considering different scenarios are related to different details, we analyze the conflict cases separately in the following sub-sections.
Resource conflict on multiple dynamic grants in uplink 
Multiple dynamic grants may overlap when the network schedules a URLLC PUSCH transmission to prioritize a previously scheduled eMBB PUSCH transmission, due to much stringent delay requirement of URLLC. For example, SR for URLLC is received by the network after it has delivered the DCI for eMBB, then the network have no choice but to schedule another dynamic grant for URLLC even through the two grants are overlapped in time domain. Since the two dynamic grant scheduling is totally controlled by the network, the most straightway is to consider the later grant with a higher priority. Otherwise, the network will schedule the later grant beyond the end point of previous PUSCH duration and avoid such conflict issue.
[bookmark: _Toc536866779][bookmark: _Toc881127][bookmark: _Toc1122909][bookmark: _Toc1122922][bookmark: _Toc1132458][bookmark: _Toc1132588][bookmark: _Toc1132609]The conflict between multiple dynamic grants cannot be avoided only when the network consider the later grant is with higher priority than the previous one.
Since dynamic grant is scheduled with the absolute intention of the network, it is better for the UE to entirely follow the network decision, and identify the later one with a higher prioritization. 
[bookmark: _Toc536866783][bookmark: _Toc881131][bookmark: _Toc1122913][bookmark: _Toc1122926][bookmark: _Toc1132462][bookmark: _Toc1132592][bookmark: _Toc1132613]Prioritize the later dynamic grant in case when multiple dynamic grants overlap.
In current specification, it is undetermined that which entity is responsible to handle the conflict issue on multiple dynamic grants. We propose MAC entity as a better choice. One may argue that PHY can also do such grant selection, and PHY knows all grant information. However, currently grant selection functionality is implemented in MAC entity, e.g. MAC make the selection and prioritize dynamic grant over configure grant. In addition, PHY might need to distinguish dynamic grants received before PHY deliver the grant to MAC entity. It means that PHY need to know whether there will be an optional dynamic grant collided with the one received now: PHY may hold the grant currently received if PHY estimate there might be a collided grant latter, otherwise PHY directly send the grant to MAC. Thus, we think MAC entity is applicable to consider which dynamic grant is to be prioritized.
[bookmark: _Toc536866784][bookmark: _Toc881132][bookmark: _Toc1122914][bookmark: _Toc1122927][bookmark: _Toc1132463][bookmark: _Toc1132593][bookmark: _Toc1132614]MAC entity is applicable to consider which dynamic grant is to be prioritized.

Resource conflict on configured and dynamic grants in uplink 
In current specification, the prioritization of dynamic grant is higher than configured grant. With this restriction, if the available uplink data is not suitable for multiplexing into MAC PDU associated to dynamic grant, the QoS of such traffic may not be satisfied. NR URLLC traffic pattern is deterministic, the delay of message delivery is bounded and the message is arrived in the fixed window, therefore, configured grant is a useful feature for NR URLLC. If this restriction is still existed, it is not always possible to protect URLLC transmissions when they collide with eMBB traffic. Thus, to satisfy URLLC KPIs, we propose to reconsider the restriction on dynamic grant prioritization.
[bookmark: _Toc528764407][bookmark: _Toc528764608][bookmark: _Toc528768175][bookmark: _Toc528769576][bookmark: _Toc528771213][bookmark: _Toc528849377][bookmark: _Toc528915451][bookmark: _Toc528915538][bookmark: _Toc536866780][bookmark: _Toc881128][bookmark: _Toc1122910][bookmark: _Toc1122923][bookmark: _Toc1132459][bookmark: _Toc1132589][bookmark: _Toc1132610]When configured grant is for URLLC traffic, it is not always preferred to prioritize dynamic grant than configured grant.
There are two cases for configured grant and dynamic grant overlapping in uplink:
· Case1: Resource overlapping without URLLC traffic available. 
In this case, configured grant and dynamic grant is overlapping or partially overlapping in time domain, but there is no available data associated to URLLC in UE buffer. Since there is no available traffic with such stringent QoS as URLLC, waiting for the next occasion of configured grant or assembling into MAC PDU associated to dynamic grant are acceptable for UE. Thus, it seems no need to prioritize configured grant.
· Case2: Resource overlapping with URLLC traffic available
In this case, configured grant and dynamic grant is overlapping or partially overlapping in time domain, and there is available data associated to URLLC in UE buffer. Considering such stringent QoS requirement for URLLC traffic, it is not tolerable for waiting for the next occasion of configured grant or assembling URLLC data in MAC PDU associated to dynamic grant with a longer PUSCH duration. Thus, it is necessary to prioritize configured grant associated with URLLC traffic. On the other hand, following current rule is preferred if the dynamic grant is for URLLC traffic but configured grant is not for URLLC traffic.
[bookmark: _Toc528764408][bookmark: _Toc528764609][bookmark: _Toc528768176][bookmark: _Toc528769577][bookmark: _Toc528771214][bookmark: _Toc528849381][bookmark: _Toc528880007][bookmark: _Toc528880016][bookmark: _Toc528915490][bookmark: _Toc528915527][bookmark: _Toc536866785][bookmark: _Toc881133][bookmark: _Toc1122915][bookmark: _Toc1122928][bookmark: _Toc1132464][bookmark: _Toc1132594][bookmark: _Toc1132615]Prioritize configured grant/dynamic grant is based on whether URLLC traffic is available and which grant is configured for URLLC.
[bookmark: _Toc528849382][bookmark: _Toc528880008][bookmark: _Toc528880017][bookmark: _Toc528915491][bookmark: _Toc528915528][bookmark: _Toc536866786][bookmark: _Toc881134][bookmark: _Toc1122916][bookmark: _Toc1122929][bookmark: _Toc1132465][bookmark: _Toc1132595][bookmark: _Toc1132616]Prioritize configured grant over dynamic grant in case when URLLC traffic is available in the buffer and configured grant is for URLLC traffic, otherwise dynamic grant is prioritized as in legacy case.

Resource conflict on multiple configured grants in uplink 
Multiple configured grants may overlap at least when UE need to support different services/traffic types and/or for enhancing reliability and reducing latency. For example, two configured grants are configured for URLLC traffic 1 and URLLC traffic 2, and packet arriving of the two URLLC traffic is partly overlapped in the time domain.
As we understood, this case is similar to scenario 2(i.e. dynamic grant vs. configured grant), the only difference is either of the grants overlapped here are pre-configured by the network. The grant configured for the traffic with the higher priority should be prioritized if the data with the higher priority is available, otherwise another grant should be prioritized. Thus, we can consider similar principle as one for scenario 2: 
· Whether the data with the higher priority is available.
· Which grant is configured for the traffic with the higher priority
[bookmark: _Toc536866781][bookmark: _Toc881129][bookmark: _Toc1122911][bookmark: _Toc1122924][bookmark: _Toc1132460][bookmark: _Toc1132590][bookmark: _Toc1132611]Similar principle as scenario 2 is preferred for resource conflict on multiple configured grants.
[bookmark: _Toc536866787][bookmark: _Toc881135][bookmark: _Toc1122917][bookmark: _Toc1122930][bookmark: _Toc1132466][bookmark: _Toc1132596][bookmark: _Toc1132617]Prioritize which grant is based on whether the traffic with the higher priority is available and which grant is configured for the traffic with the higher priority.
[bookmark: _Toc536866788][bookmark: _Toc881136][bookmark: _Toc1122918][bookmark: _Toc1122931][bookmark: _Toc1132467][bookmark: _Toc1132597][bookmark: _Toc1132618]The grant configured for the traffic with the higher priority are prioritized in case when the data with the higher priority is available in the buffer, otherwise another grant is prioritized.

Resource conflict on control channel and data channel in uplink
In TS 38.321, SR is transmitted only when PUCCH resource for SR transmission is not overlapped with a UL-SCH resource. However, if PUCCH for SR triggered by URLLC traffic is overlapped in time with PUSCH related to traffic with the lower priority, the latency requirement for URLLC may not be satisfied since UE should wait for the next occasion for URLLC resource request. 
[bookmark: _Toc528764404][bookmark: _Toc528769579][bookmark: _Toc528849378][bookmark: _Toc528915452][bookmark: _Toc528915539][bookmark: _Toc536866782][bookmark: _Toc881130][bookmark: _Toc1122912][bookmark: _Toc1122925][bookmark: _Toc1132461][bookmark: _Toc1132591][bookmark: _Toc1132612]SR cannot be transmitted when PUCCH resource for the SR transmission occasion overlaps with a UL-SCH resource, even for the case SR is triggered by URLLC and PUSCH is for the traffic with lower priority.
We think there are two possible cases: 1. SR transmission overlaps with UL-SCH on one cell, 2. SR transmission overlaps with UL-SCH on different cell. It is RAN1 scope if PUCCH and PUSCH can be transmitted simultaneously (e.g. case 2) or UCI multiplexing method can satisfy URLLC latency requirement. Otherwise, it is in RAN2 scope whether to prioritize PUCCH for SR triggered by URLLC traffic than PUSCH. 
As mentioned above, if PUCCH for SR triggered by URLLC traffic is overlapped with PUSCH for equal/higher priority traffic, waiting for the next PUCCH occasion is acceptable as the QoS requirement is loose. And if PUCCH for SR triggered by URLLC traffic is overlapped with PUSCH for lower priority traffic, waiting for the next PUCCH occasion is not acceptable as the QoS requirement is very stringent. In addition, even though BSR MAC CE related to URLLC SR is multiplexed in eMBB PSUCH, the QoS requirement may not be fulfilled since eMBB PUSCH duration is very long and the URLLC grant expected is within eMBB PUSCH duration. Thus, it is better to prioritize SR which is triggered by URLLC. 
[bookmark: _Toc536866790][bookmark: _Toc528764409][bookmark: _Toc528764610][bookmark: _Toc528768177][bookmark: _Toc528769578][bookmark: _Toc528771215][bookmark: _Toc528849383][bookmark: _Toc528880009][bookmark: _Toc528880018][bookmark: _Toc528915492][bookmark: _Toc528915529][bookmark: _Toc536866791][bookmark: _Toc881137][bookmark: _Toc1122919][bookmark: _Toc1122932][bookmark: _Toc1132468][bookmark: _Toc1132598][bookmark: _Toc1132619]Allow sending SR when PUCCH is overlapped with PUSCH if the SR is triggered by URLLC and the PUSCH is for lower priority traffic.
[bookmark: _Toc536866789][bookmark: _Toc881138][bookmark: _Toc1122920][bookmark: _Toc1122933][bookmark: _Toc1132469][bookmark: _Toc1132599][bookmark: _Toc1132620]Prioritize SR triggered by URLLC if such SR is overlapped with PUSCH triggered by eMBB.
In current MAC spec, SR are not signaled to PHY if SR is overlapped with PUSCH. But here, PHY may identity PUCCH/SR and PUSCH overlapped in the time domain. To guarantee the QoS for URLLC, the better way is to deliver some indication to PHY for SR transmission prioritization, e.g. MAC deliver pre-emption/priority indication to PHY. Otherwise PHY is unaware of the priority information of SR and PUSCH, and PHY cannot always prioritize SR transmission triggered by URLLC.
[bookmark: _Toc536866792][bookmark: _Toc881139][bookmark: _Toc1122921][bookmark: _Toc1122934][bookmark: _Toc1132470][bookmark: _Toc1132600][bookmark: _Toc1132621]Pre-emption/priority indication is delivered to PHY for SR transmission prioritization.

Conclusion
Based on the discussion above, we made the following observations:
Observation 1	The conflict between multiple dynamic grants cannot be avoided only when the network consider the later grant is with higher priority than the previous one.
Observation 2	When configured grant is for URLLC traffic, it is not always preferred to prioritize dynamic grant than configured grant.
Observation 3	Similar principle as scenario 2 is preferred for resource conflict on multiple configured grants.
Observation 4	SR cannot be transmitted when PUCCH resource for the SR transmission occasion overlaps with a UL-SCH resource, even for the case SR is triggered by URLLC and PUSCH is for the traffic with lower priority.

And propose the following:
[bookmark: _GoBack]Proposal 1	Prioritize the later dynamic grant in case when multiple dynamic grants overlap.
Proposal 2	MAC entity is applicable to consider which dynamic grant is to be prioritized.
Proposal 3	Prioritize configured grant/dynamic grant is based on whether URLLC traffic is available and which grant is configured for URLLC.
Proposal 4	Prioritize configured grant over dynamic grant in case when URLLC traffic is available in the buffer and configured grant is for URLLC traffic, otherwise dynamic grant is prioritized as in legacy case.
Proposal 5	Prioritize which grant is based on whether the traffic with the higher priority is available and which grant is configured for the traffic with the higher priority.
Proposal 6	The grant configured for the traffic with the higher priority are prioritized in case when the data with the higher priority is available in the buffer, otherwise another grant is prioritized.
Proposal 7	Allow sending SR when PUCCH is overlapped with PUSCH if the SR is triggered by URLLC and the PUSCH is for lower priority traffic.
Proposal 8	Prioritize SR triggered by URLLC if such SR is overlapped with PUSCH triggered by eMBB.
Proposal 9	Pre-emption/priority indication is delivered to PHY for SR transmission prioritization.
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[bookmark: _Toc525420283][bookmark: _Toc525422312][bookmark: _Toc525422329][bookmark: _Toc525422893][bookmark: _Toc525422900]R2-1818991, LS on multiple active configured grant configurations, RAN1

