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Introduction
A study item on NR industrial IoT was approved [1]. One of objectives of this study item is enhancement on UL/DL intra-UE prioritization/multiplexing. RAN2 sent an LS [2] to involve RAN1 in the study of this objective. In this document, we provide our view on intra-UE Tx prioritization/multiplexing for URLLC.

[bookmark: _GoBack]At the end of the specification, we envisage there may be no term like URLLC but just multiple priority levels. Instead of calling certain priority level, we call higher priority data as URLLC and lower priority data as eMBB in this document for the ease of the discussion. There can be the situation that two different levels of URLLC services in a UE but these are just two level of priority levels. URLLC and eMBB in this document should be interpreted as just two levels of priority levels.  
Discussion
Scenario 1: Intra-UE DL Prioritization
This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. According to the LS from RAN2, RAN2 assumes the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only provide an assignment that overlaps with previous assignment for higher priority traffic. We think this assumption is reasonable. If the later DL assignment is not for URLLC, the latter DL assignment should not be issued by gNB. Even if eMBB/URLLC are identified in L1 grant, the case between earlier URLLC assignment and later eMBB assignment is just unreasonable gNB operation. Therefore, UE is not required to handle this. For detailed solutions for prioritizing later DL assignment, one option could be that the previously scheduled PDSCH is dropped. The other option could be puncture/pre-empt the part of previously scheduled PDSCH by the later assignment. If the resources of two DL assignments are overlapped in time domain but not overlapped in the frequency domain, whether UE can decode more than one PDSCH overlapping in time in a carrier could also be considered.
Proposal 1: If UE cannot decode more than one PDSCH overlapping in time on a carrier, the later DL assignment takes priority over the earlier DL assignment. FFS the handling of the previously scheduled PDSCH.

Scenario 2: Intra-UE UL Prioritization - Resource conflict between configured and dynamic grant
This scenario considers a case where the UL radio resource associated to a configured grant overlaps with a dynamic grant in time. In this case, the assumption, such as whether eMBB / URLLC, traffic type, or priority identification is necessary or not, would need to be clarified. If gNB knows grant-based UL transmission is eMBB or URLLC by RNTI or other indication and grant-free UL transmission is eMBB or URLLC by different configuration or resource, which UL transmission is prioritized is known by the gNB. Then, eMBB / URLLC handling could be up to gNB operation as far as eMBB or URLLC are known. Priority order can be grant-based URLLC > grant-free URLLC > grant-based eMBB > grant-free eMBB. On the other hand, if the assumption is that grant-free UL transmission contains UCI which indicates eMBB / URLLC identification, it makes the design different, for example, to always protect grant-free UL transmission would be one possibility.

Scenario 3: Intra-UE UL Prioritization - Resource conflict between dynamic and dynamic grant
This scenario considers a case where the UL radio resource associated to a dynamic grant overlaps with another dynamic grant in time. It is RAN2 understanding that traffics with different priorities could be distinguished by for example explicit L1 signalling of priority level per grant, or by other prioritization rule (for example, allowing a later grant to override the previous grant). The discussion is almost the same as Scenario 1 of DL. To follow the later received grant and the previously scheduled PUSCH has lower priority is reasonable. For detailed solutions for prioritizing the later UL grant, the previously scheduled PUSCH is dropped or punctured could be possibilities.
Proposal 2: In case a PUSCH transmission scheduled by a later received UL grant overlaps in time with an PUSCH transmission scheduled by an earlier received UL grant, the later UL grant takes priority over the earlier UL grant. FFS the handling of the previously scheduled PUSCH.

Scenario 4: Intra-UE UL Prioritization - Resource conflict between control channel and control channel
This scenario considers a case where the resource of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. In RAN1 AH1901, it was agreed that at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Whether allowing to multiple HARQ-ACK codebooks for different service types to one PUCCH resource should be further discussion. If only one HARQ-ACK codebooks is allowed in one PUCCH, Tx prioritization methods such as dropping or puncturing of overlapped PUCCH resource should be considered. Basically, the priority order could be URLLC HARQ-ACK/SR > eMBB HARQ-ACK/SR. 

Scenario 5: Intra-UE UL Prioritization - Resource conflict between control channel and data channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority. There is no specific handling on the different latency and/or reliability requirement (such as eMBB and URLLC) for UCI multiplexing on PUSCH in Rel.15 NR specification. However, for Rel.16 URLLC, in order to ensure URLLC latency and/or reliability requirement, different handling of UCI and PUSCH with different latency and/or reliability should be considered.
For URLLC PUCCH overlapping eMBB PUSCH case, URLLC UCI should be prioritized compared to eMBB PUSCH. One of simplest way would be Tx prioritization such as dropping or puncturing eMBB PUSCH. There is any impact to URLLC UCI performance, while eMBB PUSCH performance will degrades. The other possibility would be URLLC UCI is multiplexing in eMBB PUSCH as in Rel.15 mechanism. UCI performance would be controlled by using beta-offset. If beta-offset values specified in Rel.15 is not sufficient for ensuring URLLC UCI performance, enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH would be considered.
For eMBB PUCCH overlapping URLLC PUSCH case, URLLC PUSCH performance would also be ensured by using beta-offset and alpha-factor. In order to ensure URLLC PUSCH reliability, one possibility would be to differentiate beta-offset or alpha-factor depending on latency and/or reliability requirement. The other possibility is Tx prioritization such as dropping or puncturing eMBB UCI. It might be realized by former possibility by having beta-offset = 0 or alpha factor = 0.
Proposal 3: For enhancement on UCI multiplexing on PUSCH, following should be studied.
· For URLLC PUCCH overlapping eMBB PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUSCH
· Enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH
· For eMBB PUCCH overlapping URLLC PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUCCH
· Enhancement of beta-offset values including specific value, which allows for dropping eMBB UCI
SR related prioritization/multiplexing should be discussed in RAN2. Our view is that URLLC SR should be prioritized over eMBB PUSCH in order to meet latency requirement of URLLC. MAC has a better knowledge about priority between SR and PUSCH. The solution that “the prioritization is defined by PHY” may require cross-layer signalling since MAC is not aware what has been transmitted eventually by PHY. Then, the solution should be MAC layer

Conclusion
In this contribution, we discussed enhancement on UL/DL intra-UE prioritization/multiplexing in Rel.16 URLLC and made following proposals.
Proposal 1: If UE cannot decode more than one PDSCH overlapping in time on a carrier, the later DL assignment takes priority over the earlier DL assignment. FFS the handling of the previously scheduled PDSCH.
Proposal 2: In case a PUSCH transmission scheduled by a later received UL grant overlaps in time with an PUSCH transmission scheduled by an earlier received UL grant, the later UL grant takes priority over the earlier UL grant. FFS the handling of the previously scheduled PUSCH.
Proposal 3: For enhancement on UCI multiplexing on PUSCH, following should be studied.
· For URLLC PUCCH overlapping eMBB PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUSCH
· Enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH
· For eMBB PUCCH overlapping URLLC PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUCCH
· Enhancement of beta-offset values including specific value, which allows for dropping eMBB UCI

Reference
[1] RP-182090, “Revised SID: Study on Industrial Internet of Things (IoT),” Nokia, Nokia Shanghai Bell, RAN#81
[2] R1-1900003, “LS on Intra-UE Prioritization/Multiplexing,” RAN2, Nov. 2018.
4

3
3GPP
