
3GPP TSG RAN WG1 #103-e 	                                                         	     R1-2008282
e-Meeting, October 26th – November 13th, 2020

Source:	OPPO
Title:	Enhancements on intra-UE multiplexing/prioritization
Agenda Item:	8.3.3
Document for:	Discussion and Decision

Introduction
In RAN1 #102e, intra-UE multiplexing/prioritization for R17 URLLC was agreed with following agreements:
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
 Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.
 Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.
In this contribution, we show our views on the enhancements on Rel-17 intra-UE multiplexing/prioritization.
Discussion
Additional Scenarios 
Rel-16 mechanism for handling the intra-UE collision mainly focuses on the latency and reliability of URLLC transmission, and the overlapped low-priority channels are dropped. For Rel-17, multiplexing of UL channels with different priorities to reduce the performance loss of eMBB transmission should be supported. Several scenarios of UCI multiplexing were agreed to be supported in Rel-17 to avoid the dropping of low- priority UCI. However, the following scenarios including the overlapping between high-priority HARQ-ACK and low-priority CSI on PUCCH should also be supported to avoid the dropping of periodic CSI, i.e.:
· HP HARQ-ACK, HP SR (if any) and CSI on PUCCH
· HP HARQ-ACK, LP HARQ-ACK, HP SR (if any),  and CSI on PUCCH
· HP HARQ-ACK, LP HARQ-ACK, LP SR (if any),  and CSI on PUCCH
Proposal 1:  The following scenarios of intra-UE collision should be supported in R17:
· HP HARQ-ACK/SR + LP HARQ-ACK/SR (if any) + CSI on PUCCH
Switching between Multiplexing and Prioritization
For URLLC transmission, the reliability of high-priority UCI shall always be satisfied, then the system efficiency should be improved as much as possible. The operation of Rel-17 multiplexing shall be firstly configured by RRC signaling. In order to adapt to the actual transmission conditions, the flexibility of dynamic switching between multiplexing and prioritization should be supported. For example, UE can determine the transmission mechanism based on the resources used to transmit UCI, for example: 
· If the total UCI bits exceed the payload of the determined PUCCH resource, low-priority UCI can be compressed until to 0 bit (i.e. low-priority UCI is dropped).
· If Beta-offset for a given priority in UL grant is set to 0, UCI with the given priority cannot be multiplexed in corresponding PUSCH.
Proposal 2:  Dynamic switching between multiplexing and prioritization should be supported. 
Collision between PUCCHs
When PUCCHs with different priorities overlap, in order to guarantee the latency and reliability of high-priority transmission, 
· Current multiplexing timeline is reused;
· One-step multiplexing is performed, i.e. the set (Q) of overleaped PUCCHs is not determined per priority.
· The multiplexing PUCCH resource is selected from the PUCCH resources configured for high-priority transmission based on the total UCI;
· All of the UCI bits are jointly coded. 
· The maximum coding rate configured for high-priority UCI is used to determine the number of PRBs used for multiplexing transmission;
· If the total UCI bits exceed the payload of the multiplexing PUCCH resource, low-priority UCI should be compressed firstly, the compression priority can be: HP HARQ-ACK/SR > LP HARQ-ACK/SR > LP CSI. High-priority HARQ-ACK/SR is transmitted without any compression, and UCI with low compression priority can be compressed into 0 bit.
· Rel-15 mechanism for dropping CSI can be reused;
· New mechanism for low-priority HARQ-ACK compression should be supported.
One example is shown in Figure 1. A sub-slot-based PUCCH with high-priority HARQ-ACK overlaps with a slot-based PUCCH with CSI and a slot-based PUCCH with low-priority HARQ-ACK. 
· Step 1: For a set of overleaped PUCCHs with different priorities, one sub-slot-based PUCCH is selected based the total UCI.
· Step 2: Based on the maximum coding rate configured for high-priority UCI, all of the PRBs within the selected PUCCH resource are used for transmission. 
· Step 3: Even all of the PRBs are used, the low-priority HARQ-ACK and CSI cannot be transmitted with high-priority HARQ-ACK. To satisfy limitation of the maximum coding rate configured for high-priority UCI, all CSI reports have to be dropped, and only low-priority HARQ-ACK after compression can be multiplexed with high-priority HARQ-ACK.

 
Figure 1. One high-priority PUCCH resource is determined based on total UCI for multiplexing
Proposal 3:  To support multiplexing UCI in one PUCCH when the UE would transmit multiple overlapping PUCCHs with different priority:
· The set (Q) of overleaped PUCCHs is include both low-priority and high-priority PUCCHs.
· A PUCCH resource is selected from the PUCCH resources configured for high-priority transmission based on the total UCI.
· All of the UCI bits are jointly coded.
· The maximum coding rate configured for high-priority UCI should be used to determine the number of PRBs used for multiplexing transmission.
· If the total UCI bits exceed the payload of the selected PUCCH resource, low-priority HARQ-ACK can be compressed.

Collision between PUCCH and PUSCH
When PUCCH and PUSCH with different priorities overlap, UCI is multiplexed into PUSCH, to guarantee the latency and reliability of high-priority transmission, additional limitations for multiplexing can be considered:
· Multiplexing timeline: For current multiple timeline, limitations on the starting symbols of UL transmission are considered to ensure there is enough time reserved for the processing of multiplexing.  If high-priority UCI is multiplexed into low-priority PUSCH, the latency of high-priority UCI should be ensured. Therefore, the limitations on the ending symbols of UL transmission should be considered. 
· Option 1: The ending symbol of a low-priority PUSCH is no later than the ending symbol of high-priority PUCCH.
· Option 2: The ending symbol used for UCI transmission in a low-priority PUSCH is not later than the ending of high-priority PUCCH. One example is shown in Figure 2.
Comparing option 1, the limitation of option 2 is looser, then the multiplexing of high-priority HARQ-ACK into low-priority PUSCH will be more applicable.


Figure 2. One example of the limitations on the ending symbols 
· Reliability limitation: Comparing to Rel-16 transmission mechanism (i.e. dropping low-priority channel), the reliability of high-priority information should not be degraded when high-priority information and low-priority information are multiplexed into one channel, otherwise the high-priority channel should be separately transmitted. 
· [bookmark: _GoBack]Beta-offset values should be separately configured for different priority combinations, and separate coding is used for different priority combinations
· Low-priority UCI compression should also be considered for this case.
Proposal 4:  To support multiplexing UCI in one PUSCH when the UE would transmit multiple overlapping PUCCH and PUSCH with different priority, additional limitations should be defined to ensure the latency and reliability of high-priority information:
· The timeline of ending symbols of UL transmission should be considered.
· Beta-offset values should be separately configured for different priority.
· Low-priority HARQ-ACK compression should also be considered.

Simultaneous PUCCH/PUSCH Transmission
Simultaneous PUCCH and PUSCH transmission has been supported in LTE Rel-10. To guarantee the detection performance of UCI, if the total transmit power of PUSCH(s) and PUCCH in a subframe would exceed the maximum UE transmit power, power scaling is firstly performed for PUSCH(s), and the transmit power of PUSCH(s) can be scaled to zero. For NR Rel-17, the following mechanisms can be considered to support simultaneous PUCCH and PUSCH transmission:
· Simultaneous PUCCH and PUSCH transmission can also be supported in one serving cell, which has been supported in LTE.
· RRC signaling can separately triggers simultaneous PUCCH and PUSCH transmission for HP PUCCH and LP PUCCH.
· Rel-17 multiplexing and simultaneous PUCCH/PUSCH transmission should not be configured for PUCCH with same priority.
· If the total transmit power of PUSCH(s) and PUCCH would exceed the maximum UE transmit power, power scaling should be performed based on the priority order: HP PUCCH > HP PUSCH > LP PUCCH > LP PUSCH. The priority order has been defined in current TS38.213.
Proposal 5: The following mechanisms should be supported for simultaneous PUCCH/PUSCH transmission: 
· Simultaneous PUCCH and PUSCH transmission can also be configured in one serving cell;
· RRC signaling can separately triggers simultaneous PUCCH and PUSCH transmission for HP PUCCH and LP PUCCH.

Collision between PUSCHs
In RAN 1 #102-e meeting, PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17 is supported. Generally, there have been two basic solutions in Rel-16:
· Solution 1: Rel-15 timeline is reused. For collision case between high priority CG and low priority DG, only one MAC PDC is delivered to PHY.
· Solution 2: PHY layer can make the prioritization so that high priority data can be transmitted if cancellation timeline is satisfied. Rel-16 timeline is applied.
Solution 1 allow high priority CG transmission, however Rel-15 timeline is too strict, e.g. DL grant arrives after starting symbol of low priority uplink transmission, high priority data cannot be scheduled in time. Solution 2 provides more flexibility to prioritize high priority transmission. So in terms of low latency, solution 2 is a good starting point.
Proposal 6: PHY layer can make the prioritization and Rel-16 timeline is applied.

Conclusions
In this contribution, we show our views on the enhancements on intra-UE multiplexing/prioritization with following proposals:
Proposal 1:  The following scenarios of intra-UE collision should be supported in R17:
· HP HARQ-ACK/SR + LP HARQ-ACK/SR (if any) + CSI on PUCCH
Proposal 2:  Dynamic switching between multiplexing and prioritization should be supported. 
Proposal 3:  To support multiplexing UCI in one PUCCH when the UE would transmit multiple overlapping PUCCHs with different priority:
· The set (Q) of overleaped PUCCHs is include both low-priority and high-priority PUCCHs.
· A PUCCH resource is selected from the PUCCH resources configured for high-priority transmission based on the total UCI.
· All of the UCI bits are jointly coded.
· The maximum coding rate configured for high-priority UCI should be used to determine the number of PRBs used for multiplexing transmission.
· If the total UCI bits exceed the payload of the selected PUCCH resource, low-priority HARQ-ACK can be compressed.
Proposal 4:  To support multiplexing UCI in one PUSCH when the UE would transmit multiple overlapping PUCCH and PUSCH with different priority, additional limitations should be defined to ensure the latency and reliability of high-priority information:
· The timeline of ending symbols of UL transmission should be considered.
· Beta-offset values should be separately configured for different priority.
· Low-priority HARQ-ACK compression should also be considered.
Proposal 5: The following mechanisms should be supported for simultaneous PUCCH/PUSCH transmission: 
· Simultaneous PUCCH and PUSCH transmission can also be configured in one serving cell;
· RRC signaling can separately triggers simultaneous PUCCH and PUSCH transmission for HP PUCCH and LP PUCCH.
Proposal 6: PHY layer can make the prioritization and Rel-16 timeline is applied.
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