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This contribution provides our view on physical uplink control channel for release 15 NR. Following topics are included.
· PUCCH overlap between multi-slot PUCCH with repetition and single-slot PUCCH (Section 2)
· DCI format before UE has a dedicated PUCCH configuration (Section 3)
PUCCH overlap
In RAN1#94 [1], following was agreed.
Agreements:
· When multi-slot PUCCH with repetition overlap with multi-slot PUCCH with repetition in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with the different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met.
· Priority is defined as follows: HARQ-ACK>SR>CSI with higher priority>CSI with lower priority
· In overlapping slots, the de-prioritized UCI is dropped without any postponing the transmission
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots.
· FFS: multi-slot PUCCH with repetition overlap with single-slot PUCCH in time
There is still FFS on overlap handling between multi-slot PUCCH with repetition and single-slot PUCCH. When making the above agreement, companies mainly considered two-party overlapping, which is between multi-slot PUCCH with repetition. The principle is to keep only one of them with higher priority in the overlapping slots.

However, if using the above principle to handle overlapping case with more than two parties, some undesirable consequence may happen. For example, two single-slot PUCCHs overlap, which carry HARQ-ACK and SR respectively, and in the meanwhile, they overlap with multi-slot PUCCH which carries CSI. As discussed in the offline session, the following two alternatives were identified [2].
· Alt.1: Same handling as multi-slot PUCCH with repetition and multi-slot PUCCH with repetition overlap
· It means only one UCI with the highest priority is transmitted in overlapping slot. In this case, for example, if single-slot PUCCH which carries {HARQ-ACK and SR} (e.g., PUCCH format 1) overlaps with multi-slot PUCCH which carries CSI (e.g., PUCCH format 3 or 4), only HARQ-ACK is transmitted on overlapping slot while SR and CSI are dropped as shown in Figure 1.
· Alt.2: If at least one of the UCI priorities of single-slot PUCCH(s) is higher than UCI of multi-slot PUCCH, multiplex UCI of single-slot PUCCH and transmit it in the overlapping slot, the UCI of multi-slot PUCCH is dropped; otherwise UCI of multi-slot PUCCH is transmitted.
· It means overlap handling within single-slot is considered first. In this case, for example, if single-slot PUCCH which carries {HARQ-ACK and SR} (e.g., PUCCH format 1) overlaps with multi-slot PUCCH which carries CSI (e.g., PUCCH format 3 or 4), both HARQ-ACK and SR is transmitted on overlapping slot while only CSI is dropped as shown in Figure 2.
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Fig.1 Alt.1                                                                        Fig.2 Alt.2

The ideal behaviour would depend on the number of HARQ-ACK bits, SR bits, and CSI bits (and respective target BLER). Assuming typical use case for multi-slot PUCCH can be cell edge, HARQ-ACK and SR can be 1 bit respectively. If number of UCI payload size in multi-slot PUCCH (e.g., CSI) is small such as wideband CSI only, multi-slot PUCCH with the small payload CSI operation can be operated in almost the same SNR range as PUCCH format 1 with 1-bit HARQ-ACK. In this case, to multiplex both HARQ-ACK and SR could degrade the required SNR. Therefore, if number CSI payload size in multi-slot PUCCH is small, in order to have reliable communication of HARQ-ACK, Alt.1 is reasonable. On the other hand, if number of CSI payload size in multi-slot PUCCH is relatively large, to keep both HARQ-ACK and SR can still be operated in SNR range as multi-slot PUCCH. In this case, to have both HARQ-ACK and SR is beneficial. Then, the decision would be which case is more typical or prioritized operation. In our view, there may be use cases that multi-slot PUCCH with relatively large CSI payload is needed. For example, beamforming may be operated for coverage enhancement purpose. In this case, multiple CSI-RS resource may be configured and then CRI bits may increase. In addition, UE can be configured with multiple CSI configurations for sufficient CSI feedback if DL throughout is more important. In this case, to use multi-slot PUCCH with relatively large CSI would be beneficial. Based on above discussion, we propose to take Alt.2 approach.
It is also noted that after UCIs in the single-slot PUCCHs are multiplexed, the consequent PUCCH could possibly become a multi-slot PUCCH. Because it is possible that the increased UCI payload size can change the PUCCH resource set and the newly selected PUCCH resource may be configured with multiple slot repetition. In this case, it is still easy to handle in way that the PUCCH carrying UCI of highest priority is kept in the overlapping slot.
Based on the above discussion, considering that the overlapping may occur among more than two PUCCH, the following proposals are highlighted:
Proposal: 
When one or more multi-slot PUCCH with repetition overlap with one or more single-slot PUCCH in time within the same PUCCH group
· The UE does not expect any two of the PUCCH to start at a same slot and include a UCI type with same priority
· In the overlapping slot(s), for UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted
· If there are more than one multi-slot PUCCH with repetition
· In the overlapping slot(s), for UCI with the different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met.
· In overlapping slots, the de-prioritized UCI is dropped without any postponing the transmission
· If there are one multi-slot PUCCH with repetition
· In the overlapping slot(s), for UCI with the different priority, if at least one of the UCI priorities of single-slot PUCCH(s) is higher than UCI priority of multi-slot PUCCH, the UCI(s) of single-slot PUCCH(s) is multiplexed and transmitted in overlapping slot(s) after multiplexing and the UCI of multi-slot PUCCH is dropped without any postponing the transmission otherwise UCI of multi-slot PUCCH is transmitted if timeline requirement is met. Otherwise, the multi-slot PUCCH is transmitted and other single-slot PUCCH is dropped.
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots.
DCI format before UE has a dedicated PUCCH configuration
In RAN1#94, there was a discussion that whether DCI format 1-1 can be used before UE has a dedicated PUCCH configuration. Following two alternatives were identified [2].
· Alt.1: Applicable DCI format is restricted to format 1-0 in the case a UE does not have a dedicated PUCCH resource allocation.
· Alt.2: Applicable DCI format is both format 1-0 and 1-1 in the case a UE does not have a dedicated PUCCH resource allocation.
The reason for Alt.1 is RMSI-indicated PUCCH resource set only support 1-bit HARQ-ACK. On the other hand, it is a valid scenario that a UE can be configured with UE-specific transmission parameters and thereby configured to monitor DCI format 1-1 but not be provided a dedicated set of PUCCH resources if the network does not deem it necessary. It is similar to LTE operation where default PUCCH resource is used mainly. In the current specification TS38.213 Section 9.2.1 has been already written based on Alt.2. Then, no need to change the current specification.
Observation: Applicable DCI format is both format 1-0 and 1-1 in the case a UE does not have a dedicated PUCCH resource allocation. No need to change the current specification TS38.213 Section 9.2.1.

Conclusion
In this contribution, we discussed remaining issue on PUCCH overlap and provided our view on DCI format before UE has a dedicated PUCCH configuration. We made following proposal and observation.
Proposal: 
When one or more multi-slot PUCCH with repetition overlap with one or more single-slot PUCCH in time within the same PUCCH group
· The UE does not expect any two of the PUCCH to start at a same slot and include a UCI type with same priority
· In the overlapping slot(s), for UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted
· If there are more than one multi-slot PUCCH with repetition
· In the overlapping slot(s), for UCI with the different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met.
· In overlapping slots, the de-prioritized UCI is dropped without any postponing the transmission
· If there are one multi-slot PUCCH with repetition
· In the overlapping slot(s), for UCI with the different priority, if at least one of the UCI priorities of single-slot PUCCH(s) is higher than UCI priority of multi-slot PUCCH, the UCI(s) of single-slot PUCCH(s) is multiplexed and transmitted in overlapping slot(s) after multiplexing and the UCI of multi-slot PUCCH is dropped without any postponing the transmission otherwise UCI of multi-slot PUCCH is transmitted if timeline requirement is met. Otherwise, the multi-slot PUCCH is transmitted and other single-slot PUCCH is dropped.
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots.

Observation: Applicable DCI format is both format 1-0 and 1-1 in the case a UE does not have a dedicated PUCCH resource allocation. No need to change the current specification TS38.213 Section 9.2.1.
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