
3GPP TSG RAN WG1 Meeting #95	  R1-1813664
Spokane, USA, 12th – 16th November, 2018

Agenda Item:	7.2.6.4
Source:	Huawei, HiSilicon
Title:	Intra-UE UCI multiplexing 
Document for:	Discussion and Decision

Introduction
[bookmark: _Ref129681832]In TSG-RAN#81 plenary meeting [1], the updated SID on NR industrial internet of things was approved with one of the objectives as below:
b) [bookmark: _Hlk523733459]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
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
The contribution mainly provides our views on the RAN1 impacts from UL intra-UE prioritization and multiplexing, mainly focuses on UCI multiplexing.
Discussion 
In Rel-15, a timeline is defined for UCI multiplexing, including the first symbol of overlapping PUCCHs and/or PUSCH is N1+X away from the ending symbol of corresponding PDSCHs (if one PUCCH carries ACK/NACK) and meanwhile N2+Y away from the scheduling UL Grant (if PUCCHs overlaps with  one GB PUSCH). Meanwhile, it is required that for ACK/NACK piggyback on GB PUSCH, the scheduling UL grant must be no earlier than the scheduling DCI for ACK/NACK. Then if the timeline is satisfied, then UCI multiplexing would be implemented; and if the timeline is not satisfied, an error case occurs and no UE behaviour is specified. However, for URLLC UCI, it would be scheduled urgently and often requires to be fed back quickly. For example, the URLLC ACK/NACK would be scheduled on an overlapping resource with GB PUSCH which is scheduled earlier than the URLLC ACK/NACK, as shown in Figure 5(a). Similarly, the URLLC ACK/NACK would be scheduled on an overlapping resource with a configured PUCCH resource for SR or CSI which starts earlier and hence is near to the scheduling DCI of the URLLC ACK/NACK, as shown in Figure 5(b). In these cases, UE behaviour should be specified to guarantee the transmission of URLLC UCI.
         
(a) URLLC PUSCH overlaps with eMBB ACK/NACK   (b) URLLC AN overlaps with eMBB CSI or SR
Figure 5. Illustration for overlapping PUCCH(s) and/or PUSCH when the timeline is not satisfied
UCI Multiplexing on PUCCHs
In R15, UCIs on overlapping PUCCHs would be multiplexed and transmitted on one PUCCH if these two PUCCHs satisfy the defined timeline. However, even if the timeline is satisfied, multiplexing URLLC UCI with other UCI or data could incur extra latency or reduce the transmission reliability for URLLC UCI. For example, as shown in the left of Figure 6, PUCCH 1 is a short PUCCH carrying URLLC SR while PUCCH 2 is a long PUCCH carrying CSI. These two PUCCHs overlap with the same starting symbol, but multiplexing URLLC SR into PUCCH 2 will unavoidably cause extra latency for URLLC SR transmission, and hence delay the uplink transmission of URLLC data. Similarly, as shown in the right hand, if PUCCH 1 carries 1~2 bit URLLC ACK/NACK and is sequence-based transmission, i.e., format 0. Then multiplexing eMBB CSI into PUCCH 1 will change the format of PUCCH 1 and hence reduce the transmission reliability.  

Figure 6. Illustration for URLLC UCI multiplexing with eMBB UCI
For this end, in RAN1 #93 meeting, it is proposed in the offline discussion that if URLLC UCI could be identified, then the following two options could be down-selected to protect URLLC UCI transmission,
· Opt1: URLLC UCI is prioritized while other UCI is dropped;
· Opt2: If the timeline is satisfied, then URLLC UCI is multiplexed with other UCI; Otherwise, URLLC UCI is prioritized.
From the perspective of URLLC protection, option 1 is simple and effective. Nevertheless, it is so rough to drop other UCI directly especially when other UCI includes ACK/NACKs for many PDSCHs. In such a case, dropping these ACK/NACKs will cause lots of retransmissions and large resource consumption. By contrast, option 2 is not robust for URLLC UCI, and when the timeline is satisfied, multiplexing URLLC UCI with eMBB UCI would cause extra UCI transmission latency as well as reduced transmission reliability, as explained at the beginning of this part.  As a trade-off, we can start from option 2 and define some extra conditions for UCI multiplexing to guarantee the low-latency and high reliable transmission of URLLC UCI. 
Observation 1: The current solution for UCI multiplexing on PUCCH would incur extra feedback latency as well as reliability degradation.
Proposal 1: Additional rules in addition to the timeline should be defined for URLLC UCI multiplexing with other UCI on PUCCHs to guarantee the low-latency and high reliable transmission of URLLC UCI. 
UCI multiplexing on PUSCH
· Enhancements for URLLC UCI on eMBB PUSCH
If URLLC UCI can be distinguished from eMBB UCI, then enhanced UCI piggyback methods could be designed to guarantee the low-latency and ultra-reliable URLLC UCI. Firstly, URLLC UCI and eMBB UCI could be mapped on PUSCH with different mapping rules. For example, it is better to map URLLC UCI only on the first hop for latency reduction if frequency hopping is enabled for PUSCH. Meanwhile, different beta-offset values could be used for URLLC UCI and eMBB UCI to achieve different effective code rates, resulting in differentiated reliability guarantee. 
Secondly, if simultaneous URLLC UCI and eMBB UCI piggyback is supported, then separate coding and mapping for URLLC ACK/NACK and eMBB ACK/NACK are required. The same rule also applies to URLLC CSI and eMBB CSI, which makes the mapping rule more complex. And the mapping and dropping order should be re-defined. By contrast, prioritizing URLLC UCI when both kinds of UCIs need for piggyback seems more simple and applicable. That is, only URLLC UCI could be mapped on PUSCH while eMBB UCI is dropped when both the corresponding PUCCHs overlap with one PUSCH.
Observation 2: The current UCI mapping method on PUSCH would incur extra feedback latency and cannot meet different reliability requirements for URLLC UCI and eMBB UCI.
Proposal 2: Study enhanced UCI mapping methods for URLLC UCI, e.g., only mapping on the first hop and/or enabling different beta-offset from eMBB UCI.
· Enhancements for UCI on URLLC PUSCH
As explained above, for an urgent URLLC data, PUSCH can be scheduled on an overlapping resource with ACK/NACK with a much small scheduling delay, and hence cannot satisfy the timeline requirement. In such a case, PUSCH for URLLC should be prioritized. Meanwhile, even if the timeline is satisfied, piggybacking eMBB UCI on URLLC PUSCH may consume too much resource and hence reduce the transmission reliability of URLLC data. The direct solution is to drop UCI and transmit PUSCH with high priority when URLLC PUSCH could be identified. However, the UCI may be of small payload, e.g., ACK/NACK, and piggybacking this UCI would not consume much resource. Then it is expected to deliver both ACK/NACK and URLLC data with little degradation of data reliability. Besides, the UCI would even be URLLC UCI, and hence it is rough to directly drop UCI no matter the UCI payload and/or UCI type. We can design a complex rule for UCI multiplexing on URLLC PUSCH, but as an alternative effective, a dynamic disable mechanism could be designed to indicate UE not to piggyback UCI on PUSCH. This could be achieved by adding one new indicator in DCI or re-using some existing bit fields. 
Meanwhile, assuming UCI piggyback is mandatory, we can adjust the resource allocation between UCI and data through flexible selection of beta-offset values. But unfortunately, the current beta-offset values are restricted to be larger or equal to one, indicating more resources allocated to UCI and hence less protection of data. As a result, we should extend the range of current beta-offset values to include at least beta-offset < 1.
Observation 3: The current UCI piggyback method cannot guarantee the transmission reliability for URLLC PUSCH on which eMBB UCI is piggybacked.
Proposal 3: Study enhanced UCI piggyback method to prioritize URLLC data transmission, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
[bookmark: _GoBack]Conclusion
In this contribution, we provide our views on the design of the intra-UE UL multiplexing of eMBB and URLLC, mainly focuses on UCI multiplexing. Based on the above discussion, we have the following observations and proposals:
Observation 1: The current solution for UCI multiplexing on PUCCH would incur extra feedback latency as well as reliability degradation.
Observation 2: The current UCI mapping method on PUSCH would incur extra feedback latency and cannot meet different reliability requirements for URLLC UCI and eMBB UCI.
Observation 3: The current UCI piggyback method cannot guarantee the transmission reliability for URLLC PUSCH on which eMBB UCI is piggybacked.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Additional rules in addition to the timeline should be defined for URLLC UCI multiplexing with other UCI on PUCCHs to guarantee the low-latency and high reliable transmission of URLLC UCI. 
Proposal 2: Study enhanced UCI mapping methods for URLLC UCI, e.g., only mapping on the first hop and/or enabling different beta-offset from eMBB UCI.
Proposal 3: Study enhanced UCI piggyback method to prioritize URLLC data transmission, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
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