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[bookmark: _Ref521334010]Introduction
In the RAN1 #105-e meeting, it was agreed to further discuss the following CR [1]. In this contribution, we give more detailed analysis of overlapping between positive SR and PUSCH without UL-SCH.
	R1-2104470	Discussion on overlapping between positive SR and PUSCH without UL-SCH	CATT
Continue discussion in future meetings


Discussion
Operation order
In TS 38.213 [2], PUSCH dropping between a PUSCH without UL-SCH and PUCCH with positive SR is defined in clause 9 as highlighted in yellow and UCI multiplexing is defined in clause 9.2.5 as highlighted in green below. 
	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc44877063][bookmark: _Toc51963694][bookmark: _Toc66825531]9	UE procedure for reporting control information
[…]
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR, the UE does not transmit the PUSCH.
[…]
[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc44877077][bookmark: _Toc51963708][bookmark: _Toc66825545]9.2.5	UE procedure for reporting multiple UCI types
This Clause is applicable to the case that a UE has overlapping resources for PUCCH transmissions or for PUCCH and PUSCH transmissions and each PUCCH transmission is over a single slot without repetition. Any case that a PUCCH transmission is with repetitions over multiple slots is described in Clause 9.2.6. If a UE is configured with multiple PUCCH resources in a slot to transmit CSI reports
[…]
For each PUCCH resource in the set [image: ] that satisfies the aforementioned timing conditions, when applicable,
-	the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a PUSCH transmission after multiplexing UCI following the procedures described in Clauses 9.2.5.1 and 9.2.5.2
-	the UE multiplexes HARQ-ACK information and/or CSI reports in a PUSCH if the PUCCH resource overlaps in time with a PUSCH transmission, as described in Clause 9.3, and does not transmit SR. In case the PUCCH resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-ACK information and/or CSI is selected as described in Clause 9. If the PUSCH transmission by the UE is not in response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not applicable
-	the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple slots if the resource is obtained from a group of resources that do not overlap with the second resource. 
[…]



For the overlapped PUSCH without UL-SCH and PUCCH with positive SR, if there are additional PUCCH(s) overlapping with the PUSCH or the PUCCH, as shown in Figure 1~2, it is not clear whether PUSCH dropping defined in clause 9 is performed first or the UCI multiplexing defined in clause 9.2.5 is performed first. From the previous discussion, different companies have different views on the operation orders. Different operation orders may result in different UL channel transmission(s), which may introduce misalignment between UE and gNB. 
Note that although PUSCH dropping is written before the UCI multiplexing of multiple UCI types in the specification, it does not mean that PUSCH dropping should be performed before UCI multiplexing. One simple example is the blue highlighted part in clause 9.2.5 which cites the PUSCH selection rules defined in clause 9, which means PUSCH selection rules in clause 9 will be not performed till finishing the operation in clause 9.2.5. 
Proposal 1: For the overlapped PUSCH without UL-SCH and PUCCH with positive SR, if there are additional PUCCH(s) overlapping with the PUSCH and/or the PUCCH, it should be clarified that whether PUSCH dropping defined in clause 9 or the UCI multiplexing defined in clause 9.2.5 of TS 38.213 should be performed first.


[bookmark: _Ref71305728]Figure 1: overlapping cases of PUSCH w/o UL-SCH, case A and case B



Figure 2: overlapping case of PUSCH w/o UL-SCH, case C

For case A and B, if UCI multiplexing in clause 9.2.5 is performed first, the final result depends on whether the final PUCCH resource overlaps with PUSCH without UL-SCH or not. If they do not overlap, both PUSCH without UL-SCH and PUCCH carrying UCI multiplexing could be transmitted in a TDM manner. Otherwise, SR is dropped and HARQ-ACK/CSI is piggybacked in PUSCH without UL-SCH. However, if PUSCH dropping in clause 9 is performed first, PUSCH without UL-SCH is dropped even if the final PUCCH resource does not overlap with the PUSCH, which is actually a waste of UL resource. 
Taking PUCCH with only CSI overlaps with PUCCH with SR in case A as an example, if UCI multiplexing in clause 9.2.5 is performed, CSI and SR are multiplexed in the PUCCH resource for CSI and PUSCH without UL-SCH is transmitted in a TDM manner with the PUCCH. gNB just needs to receive both PUCCH and PUSCH without considering SR is negative or positive. However, if PUSCH dropping in clause 9 is performed first, only PUCCH with CSI+SR would be transmitted and PUSCH without UL-SCH is dropped. In addition, if PUSCH dropping in clause 9 is performed first, when the final PUCCH resource overlaps with PUSCH without UL-SCH, additional blind detection may be needed at gNB side since gNB needs to try two hypotheses that UCI is transmitted in PUCCH or other PUSCH by assuming PUSCH without UL-SCH is dropped due to positive SR, or UCI is transmitted in PUSCH without UL-SCH due to negative SR. 
Taking HARQ-ACK with PUCCH format 0 in case B as an example, if UCI multiplexing in clause 9.2.5 is performed first, gNB always knows that the final PUCCH resource is the PUCCH resource for HARQ-ACK. Given that the PUCCH resource for HARQ-ACK overlaps with the PUSCH without UL-SCH, gNB just needs to receive HARQ-ACK in the PUSCH without trying other hypotheses (we do not consider the DL or UL grant missing since it is not the issue here). But if PUSCH dropping in clause 9 is performed first, if the SR is positive, the PUSCH without UL-SCH is dropped which could not be used for UCI piggyback, and if the SR is negative, UCI is piggybacked in the PUSCH, which means gNB needs to try two hypotheses to receive UCI by assuming different SR states. This may of course reduce the detection performance of UCI and PUSCH.
For case C, if UCI multiplexing in clause 9.2.5 is performed first, HARQ-ACK/CSI is piggybacked in the PUSCH and SR is dropped. gNB always detects HARQ-ACK/CSI in the PUSCH (not considering the missing of grant since it is not the issue here). However, if PUSCH dropping in clause 9 is performed first, although there is a chance to transmit positive SR in a TDM manner with HARQ-ACK/CSI in PUCCH, additional blind detection of UCI reception at gNB side is introduced similar as the above analysis for case A and case B, which may degrade the performance of HARQ-ACK/CSI. 
In addition, since there is no timeline requirement in PUSCH dropping in clause 9 for the overlapped PUSCH without UL-SCH and PUCCH with SR, when PUCCH with SR is a later channel in time, UE may already start the preparation of HARQ-ACK/CSI in the PUSCH before UE knows that there is a positive SR, and UE may not have enough time to go back to prepare PUCCH when PUSCH is dropped due to positive SR.
It should be noticed that when UCI multiplexing in clause 9.2.5 is performed, there is no need to perform PUSCH dropping in clause 9 anymore since UCI multiplexing in clause 9.2.5 is defined to solve the overlapping of multiple UL channels including PUSCH. While when PUSCH dropping in clause 9 is performed first, UCI multiplexing in clause 9.2.5 may still be needed to solve the overlapping of PUCCHs. Hence, we believe that PUSCH dropping in clause 9 is more suitable for the case when there is only overlapping between PUSCH without UL-SCH and PUCCH with positive SR. If there are additional PUCCH(s) overlapping with the PUCCH or PUSCH, UCI multiplexing in clause 9.2.5 which is used for a group of overlapping of PUCCHs or PUCCH and PUSCHs is more appropriate. 
Based on the above analysis, the following proposal should be considered.
Proposal 2: For the overlapped PUSCH without UL-SCH and PUCCH with positive SR, if there are no additional PUCCH(s) overlapping with the PUSCH and/or the PUCCH, PUSCH without UL-SCH is dropped; otherwise, UCI multiplexing in clause 9.2.5 of TS 38.213 should be used.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK275][bookmark: OLE_LINK276]Timeline condition
It was agreed in RAN1#103-e meeting, partial cancelation of PUCCH/PUSCH/PRACH triggered by dynamic SFI or dynamically assigned PDSCH/CSI-RS is not supported in Rel-15. It is expected that partial cancellation of PUSCH without UL-SCH due to positive SR is not supported either.
However, as shown in the left figure in Figure 3, MAC may deliver positive SR to PHY after the preparation or even the start of the PUSCH without UL-SCH, which means UE may not have enough time to cancel the PUSCH before the beginning of the PUSCH. 


[bookmark: _Ref78472719]Figure 3: timeline for overlapping cases of PUSCH w/o UL-SCH
One potential solution to avoid partial cancellation of PUSCH without UL-SCH due to positive SR is to introduce multiplexing timeline as defined in clause 9.2.5, as shown in the right figure in Figure 3, which gives a guideline for MAC to decide the deadline to deliver SR It follows the same principle as for the overlapping of HARQ-ACK and SR on PUCCH which also provides MAC a deadline to deliver positive SR. As shown in Figure 4, the timeline between DL grant associated with the HARQ-ACK and the earlier channel between two PUCCHs could be used as the guideline for MAC to decide the deadline to deliver SR, which means MAC could not deliver SR after the deadline of PUCCH preparation, otherwise, there is not enough time for UE to prepare HARQ-ACK transmission on PUCCH resource for HARQ-ACK based on the real SR state. 


[bookmark: _Ref78472766]Figure 4: timeline for overlapping case of PUCCH with HARQ-ACK and PUCCH with SR
However if considering that MAC is not aware of the PUSCH without UL-SCH since there is no PDU from MAC for such PUSCH, it then may be PHY behavior to avoid the partial cancellation of PUSCH without UL-SCH by gNB scheduling or configuration or UE implementation. Then we should specify that the UE does not expect to drop the PUSCH if it does not have sufficient time to cancel the PUSCH transmission due to late arrival of positive SR.
Proposal 3: UE behavior to avoid the partial dropping of PUSCH without UL-SCH due to PUCCH with positive should be specified.
Conclusion
In this contribution, we discussed the overlapping of PUCCH with SR and PUSCH without UL-SCH with the following proposals.
Proposal 1: For the overlapped PUSCH without UL-SCH and PUCCH with positive SR, if there are additional PUCCH(s) overlapping with the PUSCH and/or the PUCCH, it should be clarified that whether PUSCH dropping defined in clause 9 or the UCI multiplexing defined in clause 9.2.5 of TS 38.213 should be performed first.
Proposal 2: For the overlapped PUSCH without UL-SCH and PUCCH with positive SR, if there are no additional PUCCH(s) overlapping with the PUSCH and/or the PUCCH, PUSCH without UL-SCH is dropped; otherwise, UCI multiplexing in clause 9.2.5 of TS 38.213 should be used.
Proposal 3: UE behavior to avoid the partial dropping of PUSCH without UL-SCH due to PUCCH with positive should be specified.
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Appendix
The following TP could be considered to capture the above proposals.
	[bookmark: _Toc58252792]9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
[bookmark: _GoBack]-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If a UE is configured for NR-DC operation, the UE does not expect to be configured with a PUCCH-SCell.
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information and there is no other PUCCH and/or PUSCH transmission overlapping with either the PUSCH without UL-SCH or the PUCCH transmission including positive SR, the UE does not transmit the PUSCH. The UE does not expect to drop the PUSCH without UL-SCH if UE could not cancel the PUSCH without UL-SCH before the starting of the PUSCH without UL-SCH.
If a UE would transmit CSI reports on overlapping physical channels, the UE applies the priority rules described in [6, TS 38.214] for the multiplexing of CSI reports.
If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first follows the procedures described in Clause 9.2.6 for resolving the overlapping among the resources for the PUCCH transmissions.
< Unchanged part is omitted >
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