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In the last RAN1 #107-emeeting, agreements for PUCCH enhancements were achieved as follows [1]:
	Agreement 
For a PUCCH resource to transmit a PUCCH without an associated scheduling DCI (e.g. P/SP-CSI or SR), if the PUCCH resource is configured with RRC parameter “nrofSlots-r17”, “nrofSlots-r17” is ignored and the RRC parameter “nrofSlots” is used for determining the repetition factor of the specific PUCCH resource.

Agreement 
The following use case 5 of PUCCH DMRS bundling is not supported in Rel-17
· Use case 5: PUCCH repetitions across non-consecutive slots.
· Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
· Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions

Agreement 
For PUCCH DMRS bundling, when applicable, reuse the procedure developed for PUSCH DMRS bundling to determine configured TDW(s) and actual TDW(s).
· FFS: events for PUCCH actual TDW(s)

Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering.  One option of the following options is to be selected.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· FFS: DMRS bundling should be restarted in case of frequency hopping event
· FFS: whether same or separate RRC configuration(s) for hopping interval and configured TDW. 
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”

Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured



As can be seen, most of the critical issues for PUCCH enhancements have been resolved. In this contribution, we provide our views on remaining issues of enhancements for PUCCH, focusing on the FFS listed above.
Dynamic PUCCH repetition factor indication
In the last RAN1 meeting, there was still no consensus on whether or not to support dynamic PUCCH repetition factor indication for HARQ-ACK for SPS PDSCH. But there was a proposed conclusion by FL as follow:
	FL proposed conclusion 1: In NR Rel-17, for HARQ-ACK for SPS PDSCH, it is clarified that the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e applies to HARQ-ACK corresponding to the SPS release DCI 
· FFS whether dynamic PUCCH repetition factor indication mechanism is applied to HARQ-ACK for the first SPS PDSCH associated with the activation DCI. 



Regarding the FFS, we have the same understanding with most companies that the first SPS PDSCH associated with the activation DCI is treated as a dynamic scheduled PDSCH repetition. So, we support dynamic PUCCH repetition factor indication is also applied to HARQ-ACK for the first SPS PDSCH associated with the activation DCI. In this sense, we prefer the formulation provided by FL proposed conclusion 0, as provided by FL during RAN1#106b-e. 
	In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e does not apply to HARQ-ACK for SPS PDSCH except for the following two cases
· HARQ-ACK for the first SPS PDSCH associated with the activation DCI. 
· HARQ-ACK corresponding to the SPS release DCI 
Note: HARQ-ACK for the first SPS PDSCH associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI are categorized as PUCCH with associated scheduling DCI.


We think no CR is needed for Rel-15/16 as the specification is clear enough. What we need in RAN1 is a conclusion to clarify this issue. Therefore, we have the following proposal. 
Conclusion: PUCCH with HARQ-ACK for the first SPS PDSCH associated with the activation DCI is categorized as PUCCH with associated scheduling DCI.
Proposal 1: RAN1 concludes that dynamic PUCCH repetition indication is supported for HARQ-ACK for the first SPS PDSCH with associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI, while not supported for HARQ-ACK for the remaining SPS PDSCHs other than the first SPS PDSCH.
· There is no specification impact. 
Frequency hopping design for PUCCH/PUSCH
According to the agreements made in RAN1 #107-e, the frequency hopping pattern for both PUSCH and PUCCH is still pending. In this section, we give our views on the frequency hopping pattern design for PUCCH/PUSCH.
Firstly, the frequency hopping pattern for PUCCH/PUSCH in Rel-15/16 are provided as follows:
· Frequency hopping pattern for PUSCH in Rel-15/16 (specified in TS 38.214 6.3.1 [2])
	
In case of inter-slot frequency hopping, the starting RB during slot  is given by:

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.



· Frequency hopping pattern for PUCCH in Rel-15/16 (specified in TS 38.213 9.2.6 [3])
	-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
......	



First of all, we think common frequency hopping pattern design for both PUSCH and PUCCH is preferred. The frequency hopping pattern is determined once the start and interval of a hopping interval are determined. Since it was agreed that the hopping interval is RRC configured, the only remaining issue is how to determine the start of the hopping pattern. Two alternatives can be considered:
· Alt 1: follow the principle for PUSCH defined in Rel-15/16. (i.e., based on absolute slot number within a radio frame)
· Alt 2: follow the principle for PUCCH defined in Rel-15/16. (i.e., based on relative slot number within the allocated slots for transmission and the slot for the first PUCCH repetition is slot 0)
If Alt1 is adopted, the hopping formula may be modified as:



Where H is the hopping interval and  is the slot number within a radio frame.
For Alt 1, the start of a hopping pattern may not be aligned with the start of a configured TDW. The situation is severe if the same length are configured for TDW and hopping interval as the misalignment would be always kept once configured. As shown in Figure-1 below, if the TDW starts at slot#3 based on the scheduling, many actual TDWs will be created, which will degrade the performance gain of DMRS bundling. This can be resolved by restricting the first PUSCH transmission to align with the frequency hopping boundary. However, it would be not easy to achieve this in practice, especially when configured frequency hopping interval is large. But there is no such issue for Alt-2. The start of a hopping pattern will always be aligned with the start of a configured TDW.
[image: ]
Figure-1. Illustration of configured TDW and hopping pattern (Alt-1)
Another issue for Alt 1 is that, if the hopping interval is not configured appropriately, no frequency hopping or unequal hopping interval is observed. Two examples are shown in Figure-2 to illustrate such issue. For the first example, the number of repetitions N = 24 and hopping interval H = 12 slots. For Alt 1, the hopping position has to re-start at each radio frame boundary, which ends up with no frequency hopping (i.e., always Hop#0). For the second example, due to similar reason, the hopping interval would have different lengths, which may degrade the performance. However, this problem does not exist in Alt-2 as it doesn’t depend on the radio frame boundary. Therefore, Alt-2 is preferred.

[image: ]

[image: ]
Figure-2. Illustration of hopping pattern for Alt-1
Proposal 2: For PUSCH/PUCCH repetition, frequency hopping pattern is determined by the legacy rules for inter-slot frequency hopping for PUCCH repetition defined in Rel-15/16.
· The UE performs frequency hopping per frequency hopping interval. 
· The frequency hopping interval indicated to the UE containing the first PUSCH/PUCCH transmission has number 0 and each subsequent frequency hopping interval until the UE transmits all PUSCH/PUCCH repetitions is counted regardless of whether or not the UE transmits the PUSCH/PUCCH in the frequency hopping interval. 
Default value for hopping interval
Based on the discussion in RAN1#107-e, one pending issue is how to determine the hopping pattern if both the hopping interval and TDW length are not configured. Three candidate schemes can be considered.
· Scheme #1: hopping interval = default hopping interval = default TDW length.
· Scheme #2: inter-slot frequency hopping is applied.
· Scheme #3: hopping interval = default hopping interval = half of duration of all PUSCH repetitions.
Based on the two current agreements below: 
(1) if L is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions). 
(2) if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
[bookmark: _GoBack]Alt 1 seems more straightforward. However, if the default TDW length equals to the duration of all PUSCH repetitions, the gain from frequency hopping is lost, though the gain achieved from DMRS bundling can be maximized. On the other hand, Alt 2 can ensure the best diversity gain while would lost the DMRS bundling gain. As shown in our previous simulation results [4] , inter-slot frequency hopping together with inter-slot DMRS bundling (Scheme#3) can achieve the best performance comparing to DMRS bundling only (Scheme#1) and inter-slot hopping only (Scheme#2). With Scheme#3, at least 2 frequency hops can be guaranteed and thus the gain of frequency hopping can be achieved. Therefore, Scheme#3 is preferred. 
Proposal 3: If both hopping interval and configured TDW are not configured, the default hopping interval is equal to half of the duration of all PUSCH/PUCCH repetitions.
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Dynamic PUCCH repetition indication is supported for HARQ-ACK for the first SPS PDSCH with associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI, while not supported for HARQ-ACK for the remaining SPS PDSCHs other than the first SPS PDSCH.
Proposal 2: For PUSCH/PUCCH repetition, frequency hopping pattern is determined by the legacy rules for inter-slot frequency hopping for PUCCH repetition defined in Rel-15/16.
· The UE performs frequency hopping per frequency hopping interval. 
· The frequency hopping interval indicated to the UE containing the first PUSCH/PUCCH transmission has number 0 and each subsequent frequency hopping interval until the UE transmits all PUSCH/PUCCH repetitions is counted regardless of whether or not the UE transmits the PUSCH/PUCCH in the frequency hopping interval. 
Proposal 3: If both hopping interval and configured TDW are not configured, the default hopping interval is equal to half of the duration of all PUSCH/PUCCH repetitions.
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