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1 Introduction
In this contribution, we discuss our view on multiplexing of UL channels of different usage scenarios.  
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Performance requirements
Whereas LTE has MBB scenario only, NR has at least eMBB and URLLC scenario. In TR 38.913, DL eMBB data and DL URLLC data should have different reliability requirement and different latency requirement. The target BLER of UL control channel for each vertical service should be studied. For eMBB case, it is a direct extension of LTE case, and maybe we can reuse the target BLER of LTE, the miss detection probability, etc. For URLLC case, the DL data for URLLC itself can be as reliable as LTE DCI channel, e.g., detection error of 1E-2, and the UL control channel for URLLC should be much more robust to the DL URLLC data channel. Thus, even if a UE encodes the UL HARQ-ACK bits, then the channel encoding scheme of each usage scenario can be different, and much greater coding gain may be required to URLLC HARQ-ACK bits. As a tradeoff, the encoding latency/complexity at UE and the decoding latency at gNB should also be considered.
[bookmark: _Ref466043351]Observation 1: The UL HARQ-ACK for URLLC and for eMBB may have different target error rate performance and target latency performance.
2.2 UL control multiplexing
	Agreements:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
Agreements:
· Asynchronous and adaptive HARQ is supported for DL



RAN1 consider UCI from different usage scenario such as eMBB and URLLC because a single UE can serve both eMBB and URLLC traffic. This usage scenario may happen in 5G, e.g., a vehicle can enjoy streaming applications while communicating with other vehicles to keep safety distance. Since a UE may receive and/or transmit data for different usage scenario, collisions between DL data channels and between UL data channels would occur. However, the solution to data collision seems clear because the priority from latency requirements is obvious. The URLLC data as an aggressor precedes the eMBB data as a victim. This applies to both DL and UL, i.e., a UE is monitoring every short DL control channel occasion in a slot to detect any URLLC scheduling. 

The gNB can give a single UE an eMBB DL scheduling assignment in a slot (i.e., K1>0) and an URLLC DL scheduling assignment in a mini-slot (K1=0). Depending on K1, UE should handle UL control channel for both eMBB and URLLC to carry UL HARQ-ACK bits. The Figure 1 illustrates an example for K1=4 for eMBB and K1=1 for URLLC. A UE receives eMBB DL data at slot 0 and URLLC DL data at mini-slots 1 and 3 in slot 3. Assuming that the UE attempts to transmit eMBB HARQ-ACK bits at the slot 4, and URLLC HARQ-ACK bits at the mini-slot 5 and 7 in slot 4. In this case, the transmission of UL control channel at slot 4 should be determined.



Figure 1 HARQ-ACK timing example for eMBB and URLLC

If the UL HARQ-ACK should be reported in the same UL slot, then there are at least two basic approaches regardless of whether UE may be aware of the presence of UL URLLC transmission or not. The first approach is to transmit two UL control channels independently in the same slot. It is applicable only for UEs in a good UL coverage. 
The second approach is to merge/select HARQ-ACK into one UL control in the same slot, and is more applicable for UEs in a wide range of UL coverage. If UE is aware of the presence of all UL HARQ-ACK bits before encoding UL control channel in a given UL slot (i.e., slot 4), then UE can utilize a single format such as LTE PUCCH format 3/4/5 that conveys all HARQ-ACK bits. Otherwise, which can be most cases, possibly UL HARQ-ACK bits (i.e., mini-slot 3 in slot 3) are generated after encoding or even during transmitting eMBB UL control channel. The desirable UE behaviour is worth to study because the UL delay to wait for UL slot boundary will harm URLLC latency performance.
 In the latter case, as a baseline we can delay to transmit eMBB UL control channel after URLLC UL control channel, i.e., from K1 into K1+1. However, this approach does not work if consecutive URLLC UL control channel can delay eMBB UL control channel indefinitely. This can happen because URLLC codewords may not be properly segmented in the higher layer to meet the tight latency requirement. Therefore, the serving gNB should request retransmission of eMBB UL control channel. As another approach, we can think of the UL puncturing. This UL puncturing means that eMBB UL control channel is not transmitted in symbol(s)/ mini-slot(s) in which URLLC UL control channel is transmitted (TDM). Referring to Figure 1, eMBB UL control channel is said not to transmit at mini-slot 4 and 6 in slot 4. Instead, additional URLLC UL control channel is transmitted at those mini-slot. By doing so, URLLC feedback requirements can be met by sacrificing eMBB feedback performance. For the above two approaches, the remedy for eMBB UL control channel needs further study.
[bookmark: _Ref471737844]Proposal 1: For UL control channel collision, the remedy for eMBB needs further study. 
If punctured eMBB UL control channel and the puncturing URLLC UL control channel do have different frequency resource, then each UL control channel should have own DM-RS resources. The DM-RS resource for puncturing UL control channel is an unexpected overhead compared to the case where punctured UL control channel and puncturing UL control channel share the same frequency resource. Since the front-loaded DM-RS resource will be applied, the eMBB UL control channel can transmit DM-RS resource before it is punctured. If the puncturing URLLC UL control channel could exploit those transmitted DM-RS resource, then it will be helpful to decoding at the serving gNB. For example, URLLC UL control channel can have less additional DM-RS overhead if two UL control channel shares the same frequency resource, which can decrease the amount of punctured REs in the eMBB UL control.
[bookmark: _Ref466043375]Observation 2: Additional DM-RS overhead should be minimized if UL URLLC control channel and UL eMBB control channel are multiplexed. 
Other possible alternative using reduced DM-RS overhead can be a UL resource selection which is adopted from LTE CA. This approach is to transmit URLLC UL control channel instead of eMBB UL control channel, or vice versa. The previous paragraph describes transmitting two UL channels based on puncturing, and this alternative transmits one merged UL channel. Thus, this alternative does not require additional DM-RS overhead. The transmission resource is determined by the HARQ-ACK bits among the configured resource pool. We can consider transmitting URLLC UL control channel whose resource is chosen by the eMBB HARQ-ACK k bits. The serving gNB should configure 2k URLLC UL control channel resources to the UE. If UE choose one of resource, then it is the information to the serving gNB to determine eMBB HARQ-ACK bits. 
[bookmark: _Ref471737898]Proposal 2: UL control channel multiplexing based on channel selection should be further studied.
3 [bookmark: _GoBack]Conclusion
In this contribution, we observe the followings:
Observation 1: The UL HARQ-ACK for URLLC and for eMBB may have different target error rate performance and target latency performance.
Observation 2: Additional DM-RS overhead should be minimized if UL URLLC control channel and UL eMBB control channel are multiplexed.
Based on those observations, we made the following proposals:
Proposal 1: For UL control channel collision, the remedy for eMBB needs further study.
Proposal 2: UL control channel multiplexing based on channel selection should be further studied.
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