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1. Introduction
At the RAN1#94 and RAN1#94bis meetings, following agreements have been achieved [1], [2]:

	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.
· [bookmark: _Hlk525910088]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
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based
RAN1#94bis
Agreements:
· Potential UL power control enhancements are to be studied further:
· Enhanced dynamic power boost for URLLC UE
· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured
· Enhanced TPC, e.g. increased TPC range, finer granularity
· Currently, the need of URLLC UE power change during one transmission instance is not envisioned
· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects
· Feasibility of boosting UE power in power limited or interference limited scenarios
· Physical channel/signal used for the signalling 
· UE Processing timeline for the signalling
· UE monitoring behaviours for the signalling
· UE PDCCH monitoring capability, if the signalling is by PDCCH
· Methods to ensure the reliability of the signalling
· Type of gNB receiver should be reported
· Note:
· Other power control enhancements are not precluded. 
· No change of eMBB UE power control scheme is assumed in this study.



In this contribution we focus on inter-UE transmission prioritization/multiplexing for NR URLLC. 
2. Discussions on inter-UE Tx prioritization/multiplexing
2.1. Inter-UE prioritization/multiplexing for grant-based and grant-based UL transmissions
It is not realistic to consider that a particular cell/carrier is used only for a particular URLLC service. For example, for factory, not only UEs for factory automation (e.g. motion control), but also various sensors, operators, security cameras, would likely share the same cell/carrier. For this, it is fundamentally important to maximize spectral efficiency of URLLC services. This contributes not only to increase the number of accommodated URLLC UEs in the cell/carrier, but also to provide more resources to UEs for other services.
Multiplexing method for URLLC service and non-URLLC services impacts the spectral efficiency. Semi-static FDM between URLLC service and non-URLLC services would be the simple approach. However, if the URLLC service traffic is sporadic, large amount of resources allocated to the URLLC service will not be consumed and reserved unnecessarily, which just degrades the performance of non-URLLC services.
It was discussed whether to support UL pre-emption indication and/or UL power-boosting to efficiently enable the multiplexing between eMBB and URLLC UEs. Multiplexing on power-domain is already possible by implementation; de-multiplexing at gNB side can be either in MU-MIMO manner or in multi-user detection (MUD) manner. The additional merit of UL power-boosting over the Rel.15 implementation solution is that it may be able to further protect URLLC data by power-boosting. However, the availability of power-boosting for URLLC depends on whether the UE is in power-limited, and therefore, the benefit of power-boosting for URLLC UE is not guaranteed if the cell planning does not take into account additional power-boosting for the multiplexing. If the transmit power of non-URLLC service is always kept low, then the URLLC UE performance/coverage can be guaranteed, but the performance of non-URLLC service (e.g., eMBB) degrades constantly. 
UL pre-emption indication (cancellation or re-scheduling) can be a common solution with intra-UE multiplexing/prioritization; if UL transmission cancellation/puncturing is supported as part of intra-UE multiplexing/prioritization, from the UE processing viewpoint, UL pre-emption indication can be the same behaviour between inter-UE and intra-UE multiplexing/prioritization.
For Rel.15, dynamic SFI or DL assignment can cancel UL transmissions semi-statically configured by RRC signalling. UL pre-emption indication can be a minor enhancement from this UE behaviour. For example, it can be following; dynamic SFI or DL assignment can cancel UL transmissions indicated by dynamic grant.
As such, UL pre-emption indication would be simpler but can be a unified approach. Therefore, we propose the following.
Proposal 1:
· Support UL cancellation mechanism for inter-UE prioritization/multiplexing.
· Group common DCI/UL grant can cancel/re-schedule UL transmission scheduled by another dynamic/configured grant.

2.2. Potential mechanisms of UL cancellation
For detailed UL cancellation mechanisms, as summarized in the agreements, following options can be further studied. 
· Option 1: UL cancelation/pausing indication.
Option 1 is to stop or pause the ongoing UL transmissions targeting eMBB UEs. Therefore, highly reliable detection of the indication is required also for eMBB UEs. In addition, the monitoring occasion and/or monitoring capability may need enhancements for eMBB. The indication signalling can be transmitted on demand or periodically. If the UE does not receive such signalling, it continues the on-going transmission. As mentioned, the signalling can be realized by enhancing the concept of SFI, which has been already supported in NR Re-15. The DCI cancelling a transmission can be either group-common or UE-specific DCI. Considering that the prioritized URLLC transmission is likely to span across multiple eMBB transmissions in frequency domain, group-common DCI is more feasible; indeed, group-common DCI can be a superset of UE-specific DCI since enable/disable, RNTI, field position in the DCI, can be UE-specifically configured in the group-common DCI like SFI/PI. Use of legacy SFI is the simplest approach.
There are three sub-options under option 1 in terms of indication contents, which will have different signalling design and UE behaviour.
Option 1-1: the indication is cancelation.
Option 1-2: the indication is pausing.
Option 1-3: the indication is shifting in frequency domain.  
For option 1-1, further study is needed on whether UE cancels the whole transmission or parts of the transmission. It is simple to drop the entire of the remaining transmission, while the resource for transmission before dropping will be wasted. Cancelling only part of UL transmission can improve the resource usage and it is suitable for CBG-based transmission, but additional efforts are needed, e.g., ensuring the phase continuity of the discontinuous transmission, dynamically inserting DMRS into the discontinued transmission, etc. The situation is quite similar to UL power boosting as discussed in the previous subsection. It was shown that eMBB transmission could not decoded correctly at least in TB-based transmission. Hence, it seems that the whole of the remaining transmission should be dropped.
For option 1-2, when UE receives the indication, the UE pauses the eMBB UL transmission in the middle and resumes the remaining part of the UL transmission. It implies only part of the UL transmission is postponed. That is, the transmission is shifted in time domain, it may have collision with other UE’s transmission or have conflicts with the DL transmission direction configured by higher layer or SFI signing. In addition, for the paused transmission, it may not include DMRS symbol as illustrated in Fig. 5. In Fig. 5, DMRS is transmitted at the original resources and paused transmissions based on the pausing indication do not have DMRS. Furthermore, there is an issue on phase continuity between un-postponed part and postponed part. Therefore, further study to solve these issues is necessary to introduce pausing function. Note that the important point is to ensure reliability of URLLC UL transmission. Option 1-2 that is complicated mechanism may not be feasible for the solution of inter-UE Tx prioritization/multiplexing.
Pausing can be interpreted as time-shift of the remaining transmissions, then option 1-3 can be viewed as frequency-shift of the remaining transmissions. Non-DMRS issue as pausing may occur, hence shifting frequency hopping offset can be one of the solutions. An illustration is shown in Fig. 6. eMBB UE#1 receives the indication, then the second hop is transmitted at the different frequency resources to avoid collision with URLLC UL transmissions. Such frequency-shift has an advantage of keeping latency for eMBB transmissions compared to pausing. Therefore, further study for this option should be presented.
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Fig.5 illustration of pausing issue due to DMRS			Fig.6 illustration of offset-shifting

· Option 2: UL continuation indication.
The signalling formats e.g. using group common DCI can be similar as option 1, while the contents of option 2 is opposite from option 1. If an eMBB UE detects it, it continues transmission; otherwise, it should drop parts of or entire transmission. Compared to option 1, the requirements for reliable detection can be relaxed since eMBB UE interprets as continuation indication is not transmitted from gNB and cancel eMBB UL transmission when the indication detection is failed. Frequent or periodic configuration for such signalling transmission is beneficial to ensure URLLC latency requirements. However, large overhead is one issue on UL continuation indication. Quite large overhead is expected due to the frequent UL continuation indication. Overlapping case between eMBB and URLLC is assumed to be not so many since only aperiodic URLLC traffic is the target. For periodic URLLC traffic, resource for the URLLC UL transmission should be pre-occupied. Hence, such large overhead may be too wasted.

· Option 3: UL re-scheduling indication.
Re-scheduling is realized by indicating cancellation and indicating re-transmission configuration; i.e. time/frequency-domain resource allocation, MCS, power control, etc. Here, it seems that the re-transmission indication is the same as normal re-transmission scheduling. Separate indications of cancellation (option 1) and re-transmission adopted in Rel-15 are sufficient to realize re-scheduling. Therefore, new feature of ‘re-scheduling’ is questionable to be introduced. One combined indication for both cancellation and re-transmission may have advantage in PDCCH overhead reduction; however, the difference of requirements between eMBB and URLLC should be considered. The reliability of the cancellation indication needs to be URLLC level. If cancellation and re-transmission are indicated separately, only the cancellation has URLLC level reliability. On the other hand, if indicated by one UE-specific DCI, the re-transmission has URLLC level reliability as well. Then, PDCCH overhead seems not to be reduced. Furthermore, the new indication introduces some RAN2 impacts as HARQ RTT and DRX-retransmission timer. Hence, further advantage of re-scheduling should be presented.
As analyzed, further study on the specification impacts and benefits of above three options are needed. 

Proposal 2:
· Study further the specification impacts and benefits of each option for UL cancellation indication. Select option 1-1 as the possible solution to be considered.
· UL cancelation indication. When UE receives the cancellation indication, the UE cancel the whole of the remaining eMBB UL transmission.
2.3. Inter-UE prioritization/multiplexing for grant-based and grant-free UL transmissions
At the previous meetings, further study for inter-UE prioritization/multiplexing between grant-based and grant-free UL transmissions was agreed. Note that further study is necessary for the case of eMBB grant-based and URLLC grant-free transmissions. The case of URLLC grant-based and eMBB grant-free transmissions can be solved by the simialr procedure discussed in section 3.2 by using UL cancellation indication in combination of multiple configured grant configurations in frequency domain. The cancellation indication targets for the URLLC UEs to inform the URLLC UE that the configured grant resource of configuration x will be allocated for eMBB, when URLLC UE received such indication, it will select another configured grant resource of configuration y if multiple configurations are configured for the UE.

Proposal 3:
· Study further details on inter-UE Tx prioritization/multiplexing between a eMBB grant-based UL transmission from a UE and a URLLC grant-free UL transmission from another UE.
· Support cancellation indication and multiple grant-free configurations on frequency domain for URLLC UE.

3. Conclusion
In this contribution, we discussed URLLC uplink transmission prioritization and multiplexing for inter-UE. Proposals are summarized as following: 
Proposal 1:
· Support UL cancellation mechanism for inter-UE prioritization/multiplexing.
· Group common DCI/UL grant can cancel/re-schedule UL transmission scheduled by another dynamic/configured grant.
Proposal 2:
· Study further the specification impacts and benefits of each option for UL cancellation indication. Select option 1-1 as the possible solution to be considered.
· UL cancelation indication. When UE receives the cancellation indication, the UE cancel the whole of the remaining eMBB UL transmission.
Proposal 3:
· Study further details on inter-UE Tx prioritization/multiplexing between a eMBB grant-based UL transmission from a UE and a URLLC grant-free UL transmission from another UE.
· [bookmark: _GoBack]Support cancellation indication and multiple grant-free configurations on frequency domain for URLLC UE.
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