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1 Introduction
[bookmark: _Hlk505938201]In the RAN#80, the scope for URLLC work for Rel-16 is endorsed and the following is included: 
· Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 
[bookmark: _Hlk521077063]In RAN1 #94 meeting, the following agreements have been reached towards handling UL multiplexing of transmission of URLLC and eMBB:
RAN1 #94 Agreements:
· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark
· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing
· Other factors to be considered such as overhead, capability, etc.
· Study the UE UL cancelation mechanisms, including at least the following aspects
· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication
· Physical channel/signal used for the UL cancelation indication 
· UE Processing timeline for the UL cancelation indication
· UE monitoring behaviours for the UL cancelation indication
· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH
· Methods to ensure the reliability of the indication for UE UL cancelation
· Study the UL power control enhancements
· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
From above we can see that there is no consensus on how to support handling inter-UE UL multiplexing of URLLC and eMBB. Therefore, in this contribution, we will further discuss the necessity of UL inter UE Tx prioritization/multiplexing as well as the potential solutions.
2 Discussion on necessity to support UL inter-UE Tx prioritization/multiplexing
[bookmark: _Hlk521255984]A potential semi-static DL/UL assignment with 2.5ms periodicity for 30KHz subcarrier spacing is shown in Fig.1, The blue and red symbols/slots are semi-static configured as DL and UL respectively. Assume that gNB delivers a UL grant in slot n to schedule UE1 to transmit eMBB data in slot n+3. And then gNB finds that a URLLC packet arrives in UE2 based on SR received in slot n-1, in order to guarantee the latency requirement of URLLC data, gNB generates a UL grant for UE2 in slot n+1 to schedule URLLC data transmitting in slot n+3 as well. In this case, there would be conflicts of URLLC transmission and eMBB transmission if no solutions are proposed and further lead to demodulation failure of URLLC and the reliability of URLLC would not be satisfied. 


Figure 1: UL inter UE multiplexing of URLLC and eMBB

Proposal 1: It is beneficial to support UL inter-UE Tx prioritization/multiplexing of transmission with different latency and reliability requirements.
3 Discussion on solutions to support UL inter-UE Tx prioritization/multiplexing  
In RAN1 #94 meeting, it is agreed to study the candidate solutions for inter-UE eMBB and URLLC multiplexing in shared resources: 1) Study the UE UL cancelation mechanisms; 2) Study the UL power control enhancements. As to standard effort, both UL pre-emption indication and dynamically reducing eMBB transmission power scheme have some common concerns since that design for some new signalling would be needed, such as processing timeline, the new signalling format (group common or UE specific), the periodicity and the granularity in time and frequency domain of the new signalling and so on. However, if boosting URLLC power is realised via the scheduling DCI of the URLLC transmission, no significant standard effort is needed but the power adjustment amount is limited and it would cause extra inter-cell interference. 
Therefore, considering both the performance of eMBB and URLLC as well as the standard effort, we prefer eMBB UE to cancel its UL transmission when an indication is detected, and hence retransmission is needed for eMBB UE via a UL grant. Therefore, it is expected that the UL grant scheduling retransmissions for eMBB UE could serve as the UL pre-emption indication as well, thus it won’t cause significant standard effort or increase PDCCH blind decoding since that it is not necessary to introduce extra group common or UE specific signaling. In this way, once UE receives an UL grant scheduling retransmission of the TB, it would stop transmission of the earlier scheduled TB if some conditions are satisfied. However, this means that if partial or whole resource of eMBB transmission is pre-empted by URLLC transmission, the whole TB would be transmitted, leading to low resource utilization since maybe only a few symbols are pre-empted by URLLC. Therefore, we prefer that part of the resource is pre-empted and part of the TB is retransmitted when the UL grant scheduling retransmissions serves as the UL pre-emption indication.
Firstly, the action time of the UL grant for retransmission shall be specified. If the first uplink symbol of the pre-empted physical resource which is indicated by the UL grant for retransmission / the physical resource defined by the time domain resource allocation field in the earlier UL grant, starts no earlier than at symbol L3 then the UE shall not map the encoded bits to the pre-empted physical resource/ the physical resource which is expected to carry the eMBB transmission, and transmit the unmapped bits on the physical resources assigned by the UL grant for retransmission, where L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the UL grant scheduling eMBB retransmission.
Once the eMBB UE detects the UL grant scheduling retransmission for the same TB (same HARQ process ID and NDI togged) and the above conditions are satisfied, the eMBB UE shall not map the encoded bits to the pre-empted physical resource and transmit the unmapped bits on the retransmission physical resources, where pre-empted physical resource and retransmission physical resources are both indicated by the UL grant for retransmission. As illustrates in Figure 2, gNB delivers a UL grant in slot n to schedule UE1 to transmit eMBB data in slot n+3. And then gNB finds that a URLLC packet arrives in UE2 based on SR received in slot n-1, in order to guarantee the latency requirement of URLLC data, gNB generates a UL grant for UE2 in slot n+1 to schedule URLLC data transmitting in slot n+3 as well. The assigned resource for eMBB UE in slot n+3 is symbol #2~#13, while symbol #4~#5 are reassigned to URLLC UE. In this case, gNB would deliver a UL grant to eMBB UE scheduling partial retransmissions in later slot such as symbol #2~#5 in slot n+4. The pre-empted resource is determined implicitly by the resource for retransmission, such as the symbol/PRB allocation of the pre-empted resource and the retransmission resource is the same or with some symbol and PRB offset. Once eMBB UE detects the UL grant scheduling retransmission and the action time is satisfied, the eMBB UE shall stop mapping the encoded bits to the pre-empted resources and retransmit the corresponding bits on the retransmission resources.


Figure 2: Workflow of the UL grant serving as UL pre-emption
Proposal 2: UL grant scheduling retransmissions for eMBB UE serves as the UL pre-emption indication.
Proposal 3: If the first uplink symbol of the pre-empted physical resource which is indicated by the UL grant for retransmission / the physical resource defined by the time domain resource allocation field in the earlier UL grant, starts no earlier than at symbol L3 then the UE shall not map the encoded bits to the pre-empted physical resource, and transmit the unmapped bits on the retransmission physical resources assigned by the UL grant for retransmission, where 
· L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the UL grant scheduling eMBB retransmission.
· pre-empted physical resource and retransmission physical resources are both indicated by the UL grant for retransmission.
4 Conclusion
In this contribution, we discussed the necessity of UL inter UE Tx prioritization/multiplexing as well as the potential solutions, the following proposals are made:
Proposal 1: It is beneficial to support UL inter-UE Tx prioritization/multiplexing of transmission with different reliability requirements.
Proposal 2: UL grant scheduling retransmissions for eMBB UE serves as the UL pre-emption indication.
Proposal 3: If the first uplink symbol of the pre-empted physical resource which is indicated by the UL grant for retransmission / the physical resource defined by the time domain resource allocation field in the earlier UL grant, starts no earlier than at symbol L3 then the UE shall not map the encoded bits to the pre-empted physical resource, and transmit the unmapped bits on the retransmission physical resources assigned by the UL grant for retransmission, where 
· L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the UL grant scheduling eMBB retransmission.
· pre-empted physical resource and retransmission physical resources are both indicated by the UL grant for retransmission.
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