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1. Introduction
At the RAN#80 meeting, new SID on Physical Layer Enhancements for NR URLLC has been approved. The objective includes following [1]:

	Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 



In this contribution we focus on uplink transmission prioritization/multiplexing for NR URLLC. In order to present overall our views for NR URLLC uplink multiplexing, both inter-UE/intra-UE Tx prioritization/multiplexing are discussed.

2. Inter-UE Tx prioritization/multiplexing

In Rel.15, DL pre-emption and CBG-based re-transmission are supported. For DL, gNB can puncture eMBB UE’s PDSCH transmission and serve URLLC UE by implementation; in order to let eMBB UE to know the punctured part of the PDSCH, NR supports preemption indication (PI) for DL. Re-transmission of the punctured part can be realized by using CBG-based re-transmission. On the other hand, for UL, there is no mechanism to let eMBB UE to know there will be a PUSCH transmission from a URLLC UE; once a UE starts transmission, the UE will not change it until the end of the transmission. As a result, less flexibility for eMBB/URLLC multiplexing for UL, compared to that for DL.

In general, we consider that support of inter-UE Tx prioritization/multiplexing is quite useful to make sure that resource allocation for URLLC UE is not restrictive. At the RAN1#92 meeting, following agreements have been achieved [2]:

	· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)
· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission
· How to signal the URLLC transmission power boosting?
· How to signal the eMBB transmission power reduction after UL grant?
· UE monitoring periodicity
· Processing timeline
· 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

Conclusion:
· There is no consensus in Rel-15 to support handling inter-UE UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption).



We consider that the above two options can still be the possible options to be studied. An illustration is shown in Fig. 1.

Option 1 can be realized by re-using the concept of SFI. For a UE, SFI can cancel PDCCH monitoring and RRC configured transmission/reception with a certain processing time until the cancellation. Applying this for dynamically scheduled transmission can realize the option 1. 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. Use of legacy SFI is the simplest approach. Although the cancellation indication is for eMBB UE, the purpose of this indication is to protect URLLC UE. Therefore, the reliability of the cancellation indication should be URLLC level. In Rel.16, some enhancements for PDCCH are to be studied. If certain enhancements are applied to PDCCH for higher reliability, these should also be applied to the cancellation indication.

Option 2 can also be realized by similar way as for option 1. Furthermore, unlike option 1, option 2 eMBB UE to continue UL transmission even during the URLLC UE transmission. This offers potential to achieve higher spectral efficiency, while option 2 further requires following:
· Proper pairing, resource allocation, MCS selection, and power-control for eMBB UE and URLLC UE such that their multiplexing can offer better performance than puncturing eMBB UE. Since eMBB UE and URLLC UE have totally different traffic profiles and target BLERs, it is quite difficult to realize this.
· If eMBB UE is required to change resource allocation, MCS, and/or transmit power for multiplexed duration, it is further required to ensure EVM/transient period during the multiplexing. This requires additional RAN4 performance test/requirement if specified. If eMBB UE is not required to do such, then the eMBB UE cannot utilize higher order modulation, higher rank, etc., since it cannot predict when URLLC UE traffic comes, from eMBB timeline point of view.
If eMBB UE and URLLC UE are multiplexed without proper way, there is a risk that either or both of eMBB UE and URLLC UE performances are degraded.
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(a) Cancellation					(b) Multiplexing

Fig.1 illustration of eMBB and URLLC transmission prioritization/multiplexing

We expect that in most of the scenarios, option 2 cannot provide higher gain compared to option 1. Rather, option 2 may even degrade the performance compared to no inter-UE multiplexing. Even if there are some cases where option 2 offers benefits, the gain would not be significant, compared to option 1. Therefore, we recommend studying option 1.

Proposal 1:
· Study further details on inter-UE Tx prioritization/multiplexing.
· Select option 1 as the possible solution to be considered.
· eMBB UE cancels UL transmission when an indication is detected.
· FFS whether the UE behavior when SFI is detected can be a starting point.

3. Intra-UE Tx prioritization/multiplexing
For a given UE, in Rel.15, when its transmissions with different timelines collide, two behaviors are specified depending on cases; (1) simple multiplexing regardless of the traffic type, and (2) UE is not expected to be scheduled with another transmission during the ongoing transmission. In this case, the UL transmissions for URLLC is difficult to satisfy the requirement. Therefore, to avoid such restrictions, enhanced collision handling for intra-UE multiplexing between eMBB PUCCH/PUSCH and URLLC PUCCH/PUSCH  should be studied for NR Rel-16.
For example, assume a UE hasa transmission of an eMBB 14-symbol PUSCH in slot n, as Fig. 2. Then, another DCI schedules a URLLC PDSCH before slot n and the HARQ-ACK report on a 1-symbol PUCCH at the first symbol of the slot n. In the current specification, the HARQ-ACK is piggybacked on the 14-symbol PUSCH. This has two problems; first, the HARQ-ACK is delayed compared to the one-symbol PUCCH transmission, and second, the PUSCH performance is targeted to deliver eMBB data; some configurations as the number of DMRS for PUSCH, beta-offset, and scaling factor for UCI on PUSCH, cannot ensure URLLC HARQ-ACK transmission reliability.
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Fig.2 Example of intra-UE URLLC-PUCCH collides with eMBB-PUSCH
Then, for NR, the following handling methods between eMBB PUCCH/PUSCH and URLLC PUCCH/PUSCH when they are collided in at least one symbol should be studied:
1. eMBB PUCCH/PUSCH is punctured at the collided symbol(s) and URLLC PUCCH/PUSCH is transmitted, as shown in Fig.3 (a)
2. eMBB PUCCH/PUSCH is dropped and only URLLC PUCCH/PUSCH is transmitted, as shown in Fig.3 (b)
3. eMBB PUCCH/PUSCH transmission is delayed after URLLC PUCCH/PUSCH, as shown in Fig.3 (c)
4. UCI in eMBB PUCCH/PUSCH is piggybacked on URLLC PUCCH/PUSCH and eMBB PUSCH is dropped
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(a) Method 1
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(b) Method 2
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(c) Method 3
Fig.3 collision handling between eMBB PUCCH/PUSCH and URLLC PUCCH/PUSCH
LTE Rel-15, i.e. short TTI, adopts the similar way as method 4 to handle the collisions. That is, HARQ-ACK/SR in sub-frame PUCCH is piggybacked on slot/sub-slot PUCCH/PUSCH. CSI in sub-frame PUCCH/PUSCH and normal PUSCH are dropped. In a brief consideration, this mechanism is good for NR as well because of the simplicity. Picturing of the first method remains an issue on when all DMRS symbols in the eMBB PUCCH/PUSCH is punctured. The third method of delaying increases scheduling complexity. Therefore, the similar manner to LTE can be introduced to NR Rel-16; however, further enhancements should be studied.
Proposal 2:
· Study further details on inra-UE Tx prioritization/multiplexing.
· Mechanism defined in LTE shorted TTI should be the starting point and the benchmark for further consideration.

4. Conclusion
In this contribution, we discussed URLLC uplink transmission prioritization and multiplexing for both inter-UE and intra-UE. Proposals are summarized as following: 
Proposal 1:
· Study further details on inter-UE Tx prioritization/multiplexing.
· Select option 1 as the possible solution to be considered.
· eMBB UE cancels UL transmission when an indication is detected.
· FFS whether the UE behavior when SFI is detected can be a starting point.
Proposal 2:
· Study further details on inra-UE Tx prioritization/multiplexing.
· Mechanism defined in LTE shorted TTI should be the starting point and the benchmark for further consideration.
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