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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings, methods for handling overlapping of HARQ-ACK and SR were discussed. The following agreements regarding overlapping of HARQ-ACK and multiple PUCCH resources configured for SR with the same starting symbol were reached [1].
	Agreements:
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.



In this contribution, we provide our views on methods for handling different cases of HARQ-ACK and SR being partially overlapped. 
Discussion
The current specification covers the case when a resource for HARQ-ACK using PUCCH format 0 fully overlaps with a resource for SR using PUCCH format 0. In this case, the resource for HARQ-ACK is used to multiplex the HARQ-ACK and SR. An offset to the cyclic shift is applied when it is positive SR. The current specification also covers the case when a resource for HARQ-ACK using PUCCH format 1 fully overlaps with a resource for SR using PUCCH format 1. In this case, the HARQ-ACK is transmitted on the resource for HARQ-ACK if it is negative SR. Otherwise, the HARQ-ACK is transmitted on the resource for SR if it is positive SR.
We discuss the cases when the HARQ-ACK and SR use resources of different formats, and the cases when HARQ-ACK and SR resources are partially overlapped, and the cases when there are more than one SR resources overlapped with HARQ-ACK resource.

1. HARQ-ACK resource using PUCCH format 0 and SR resource using PUCCH format 0
For this case, we think it should be up to the gNB to avoid configuring HARQ-ACK resource and SR resource to be partially overlapped, since the duration of PUCCH format 0 is at most 2 symbols. Therefore, it should be relatively easier to avoid the situation by gNB implementation. 

Multiple SR resources
If there are SR resources using PUCCH format 1 with the same starting symbol as the SR resource using PUCCH format 0, it is reasonable to drop the SRs using PUCCH format 1 for simplicity.
In case there are multiple SR resources using PUCCH format 0 that are fully overlapped, for example, 2 SR resources using PUCCH format 0 is configured. One starts at symbol 0 with periodicity of 7 symbols, and the other one starts at symbol 0 with periodicity of 1 slot. In this case, our preference is that the SRs are multiplexed with the HARQ-ACK as 1-bit positive SR if any one of the SRs is triggered, and as 1-bit negative SR if none of the SR is triggered. In our view, it is better to keep the SR bit as 1 bit, since the current method for multiplexing HARQ-ACK and SR can be reused, and since multiplexing more than 1 bit of SR may degrade the PUCCH performance.
Proposal 1: UE is not expected to handle the case where a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 0 are partially overlapped.
Proposal 2: When a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 0 are overlapped, the SRs are multiplexed as 1-bit positive SR with HARQ-ACK according to current rule if any of the SRs is triggered, while the SRs are multiplexed as 1-bit negative SR with HARQ-ACK, otherwise.


2. HARQ-ACK resource using PUCCH format 0 and SR resource using PUCCH format 1
For this case, if the HARQ-ACK resource and the SR resource start at the same symbol, it is possible to use similar method as the case where HARQ-ACK resource and SR resource both using PUCCH format 1 fully overlap. That is, transmit the HARQ-ACK on the SR resource if it is positive SR, and transmit the HARQ-ACK on the HARQ-ACK resource if it is negative SR.

Multiple SR resources
As discussed in the previous section, when there is other overlapping SR using PUCCH format 0, the SR using PUCCH format 1 is dropped. Otherwise, the HARQ-ACK is transmitted on the triggered SR resource using PUCCH format 1.

Overlapping with different starting symbols
In case starting symbols of the overlapping of HARQ-ACK resource using PUCCH format 0 and SR resource using PUCCH format 1 are different, the resource that starts earlier is used. Whether the UCI associated with the resource that starts later can be multiplexed on the resource that starts earlier depends on the availability of the UCI. For example, if HARQ-ACK starts earlier and the SR is triggered before the HARQ-ACK transmission, the SR can be multiplexed on the HARQ-ACK resource. Although it is possible to define the timeline for multiplexing UCI associated with later resource to earlier resource, we think it should not be pursued in Rel-15.

Proposal 3: When a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 1 are overlapped with the same starting symbol, HARQ-ACK is transmitted on the HARQ-ACK resource if it is negative SR. Otherwise, HARQ-ACK is transmitted on the SR resource if it is positive SR.
Proposal 4: When a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 1 are overlapped with different starting symbols, HARQ-ACK is transmitted on the HARQ-ACK resource if it starts earlier. Otherwise, SR is transmitted on the SR resource if it is positive SR.



3. HARQ-ACK resource using PUCCH format 1 and SR resource using PUCCH format 0
For this case, if the HARQ-ACK resource and the SR resource start at the same symbol, it is not possible to use similar method as the case where HARQ-ACK resource and SR resource both using PUCCH format 1 fully overlap. One possible way to do multiplexing is to multiplex HARQ-ACK on the SR resource. However, more cyclic shifts need to be reserved to carry possible HARQ-ACK bits, which is not beneficial from resource utilization point of view. Therefore, one of the UCI should be dropped, and which one is dropped should depend on the priority of the UCI. The following alternatives for determining the priority of the UCI can be considered.
Alternative 1: If the SR resource is configured with periodicity of 2 symbols, it has higher priority than HARQ-ACK.
Alternative 2: The priority of HARQ-ACK and SR depends on the number of SR occasions of a SR resource overlapped with HARQ-ACK.
For Alternative 2, the number of SR occasion should be larger than 1, which can be a fixed value or a configurable value. Alternative 2 is preferred because when a SR resource is configured with periodicity of 7 symbols, it can be prioritized depending on the overlapping situation between HARQ-ACK and SR. For example, if a HARQ-ACK resource is 9-symbol long and starts at symbol 5, and a SR resource is 2-symbol long with periodicity of 7 symbols, then the SR is prioritized since HARQ-ACK would block two occasions of the SR if it is transmitted. 


Overlapping with different starting symbols
In case a SR resource using PUCCH format 0 starts earlier than an overlapping HARQ-ACK resource using PUCCH format 1, the SR is transmitted if it is positive SR.
In case a HARQ-ACK resource using PUCCH format 1 starts earlier than an overlapping SR resource using PUCCH format 0, the UCI that is transmitted should depend on the priority determined as described above. If the priority of the SR is higher, than the ongoing HARQ-ACK transmission is stopped, and the SR is transmitted on the SR resource.


Multiple SR resources
If multiple non-overlapping SR resources overlap with a HARQ-ACK resource, the first positive SR that has higher priority than the HARQ-ACK is transmitted.

Proposal 5: When a SR resource using PUCCH format 0 starts earlier than an overlapping HARQ-ACK resource using PUCCH format 1, the SR is transmitted if it is positive SR.
Proposal 6: When a HARQ-ACK resource using PUCCH format 1 overlaps with a SR resource using PUCCH format 0, the positive SR is transmitted on the SR resource if the number of SR occasions for the positive SR that overlap with the HARQ-ACK resource is larger than a certain number. If the SR is to be transmitted, the HARQ-ACK transmission is stopped, if it has started.


4. HARQ-ACK resource using PUCCH format 1 and SR resource using PUCCH format 1
For this case, if the HARQ-ACK resource and the SR resource start at the same symbol, the method for the case where HARQ-ACK resource and SR resource both using PUCCH format 1 fully overlap is reused.
Overlapping with different starting symbols
In case starting symbols of the overlapping of HARQ-ACK resource using PUCCH format 1 and SR resource using PUCCH format 1 are different, the resource that starts earlier is used. If SR resource is used, the HARQ-ACK bits can potentially be multiplexed with SR, depending on the UE processing timeline for generating the HARQ-ACK bits. As discussed in previous sections, we prefer to not multiplex the HARQ-ACK bits in Rel-15.

Proposal 7: When a HARQ-ACK resource using PUCCH format 1 and SR resources using PUCCH format 1 are overlapped with different starting symbols, HARQ-ACK is transmitted on the HARQ-ACK resource if it starts earlier. Otherwise, SR is transmitted on the SR resource if it is positive SR.


Conclusions
Based on the discussion, we have the following proposals.
Proposal 1: UE is not expected to handle the case where a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 0 are partially overlapped.
Proposal 2: When a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 0 are overlapped, the SRs are multiplexed as 1-bit positive SR with HARQ-ACK according to current rule if any of the SRs is triggered, while the SRs are multiplexed as 1-bit negative SR with HARQ-ACK, otherwise.
Proposal 3: When a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 1 are overlapped with the same starting symbol, HARQ-ACK is transmitted on the HARQ-ACK resource if it is negative SR. Otherwise, HARQ-ACK is transmitted on the SR resource if it is positive SR.
Proposal 4: When a HARQ-ACK resource using PUCCH format 0 and SR resources using PUCCH format 1 are overlapped with different starting symbols, HARQ-ACK is transmitted on the HARQ-ACK resource if it starts earlier. Otherwise, SR is transmitted on the SR resource if it is positive SR.
[bookmark: _GoBack]Proposal 5: When a SR resource using PUCCH format 0 starts earlier than an overlapping HARQ-ACK resource using PUCCH format 1, the SR is transmitted if it is positive SR.
Proposal 6: When a HARQ-ACK resource using PUCCH format 1 overlaps with a SR resource using PUCCH format 0, the positive SR is transmitted on the SR resource if the number of SR occasions for the positive SR that overlap with the HARQ-ACK resource is larger than a certain number. If the SR is to be transmitted, the HARQ-ACK transmission is stopped, if it has started.
Proposal 7: When a HARQ-ACK resource using PUCCH format 1 and SR resources using PUCCH format 1 are overlapped with different starting symbols, HARQ-ACK is transmitted on the HARQ-ACK resource if it starts earlier. Otherwise, SR is transmitted on the SR resource if it is positive SR.
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