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Introduction
In the RAN1#107-e meeting, the following agreement was made on PUCCH enhancements for coverage enhancement [1].
	Agreement at RAN1#107-e:
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


In this contribution, we provide our views on PUCCH enhancements for coverage enhancement.

[bookmark: _Hlk61859955][bookmark: OLE_LINK69]Remaining issues on PUCCH enhancements for coverage enhancement
Inter-slot frequency hopping with inter-slot bundling.
In the RAN1#107-e meeting, it was agreed to support Option 1 for inter-slot frequency hopping with inter-slot bundling. Thus, hopping interval determination does not depend on configured TDW determination, and separate RRC configurations are supported. There are some remaining issues on Option 1 for inter-slot frequency hopping with inter-slot bundling.
Firstly, determination of FH pattern for PUSCH and PUCCH should be clarified. In Rel-15/16, different inter-slot FH patterns are determined for PUSCH and PUCCH. Inter-slot FH pattern for PUSCH is determined based on physical slot index  as the copied texts from TS38.214 V16.8.0 [2] below.
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…

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.
…
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In case of inter-slot frequency hopping, the starting RB during slot  follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.


On the other hand, inter-slot FH pattern for PUCCH is determined based on relative physical slot index, which has number 0 for the first PUCCH transmission and each subsequent slot is counted regardless of whether or not the UE transmits the PUCCH in the slot as the copied texts from TS38.213 V16.8.0 [3] below.
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For , 
…
-	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
…


For Rel-17 inter-slot frequency hopping with inter-slot bundling, Rel-15/16 inter-slot FH pattern design can be reused as much as possible. In other words, FH pattern design for the single slot can be extended to L’ slots, where L’ is the configured value of frequency hopping interval. It can minimize the specification impact by taking into account separate FH pattern design for PUSCH and PUCCH.
For the PUSCH case, inter-slot FH pattern can be determined based on  physical slots. In detail, starting RB during slot , i.e.,  can be determined as  if  or  if .
For the PUCCH case, inter-slot FH pattern can be determined based on L’ relative physical slots. Thus, the first L’ slots including the first PUCCH transmission has the number 0 and subsequent L’ slots are counted with same index.
· Proposal 1: For Rel-17 inter-slot frequency hopping with inter-slot bundling, Rel-15/16 inter-slot frequency hopping pattern design is reused as much as possible.
· Physical slot index is used for PUSCH.
· Relative physical slot index is used for PUCCH.
Secondly, depending on whether or not both hopping interval and configured TDW length are configured for a UE, the UE behavior on how to determine hopping interval and configured TDW length should be defined according to configuration of L’ and L by gNB, where L’ is the configured value of hopping interval and L is the configured value of configured TDW length. Note that cases already handled are not discussed below.
Case 1: Both L’ and L are configured.
In this case, hopping interval is determined as L’, and configured TDW length is determined as L. There is no ambiguity on UE behavior for the determination of hopping interval and configured TDW length in Case 1. However, we would like to raise an issue when the configured value of L’ is larger than L, i.e., L’ > L.
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Figure 1. Determination of hopping interval and configured TDW length if L’ > L.
In Figure 1, a UE can be configured to transmit PUCCH with 8 repetitions, L’=4, and L=2. Also, it is assumed that configured values of L’ and L are smaller than UE’s maximum duration. Accordingly, the first 4 slots are determined as the 1st hop, and subsequent 4 slots are determined as the 2nd hop. Meanwhile, consecutive 2 slots are determined as the same configured TDW. In this case, PUCCH repetitions in CTDW#1 (CTDW#3) and CTDW#2 (CTDW#4) are likely to be transmitted by being satisfied with conditions for joint channel estimation. However, since the UE is configured as L=2 from a gNB, the gNB may not try to jointly estimate the channel of PUCCH repetitions in CTDW#1 (CTDW#3) and CTDW#2 (CTDW#4) together.
To address this issue, the gNB can configure a value of L’ smaller than or equal to a value of L. Thus, a UE does not expect to be configured as L’ > L.
Otherwise, a UE can determine the configured TDW length based on L’ if the configured hopping interval value of L’ is larger than configured TDW length value of L. Therefore, both hopping interval and configured TDW length can be determined based on L’.
· Proposal 2: Following methods can be further considered to maximize the gain of joint channel estimation in case of both hopping interval (i.e., L’) and configured TDW length (i.e., L) are configured:
· Alt 1: A UE does not expect to be configured as hopping interval (i.e., L’) > configured TDW length (i.e., L).
· Alt 2: Hopping interval (i.e., L’) is used for determination of configured TDW length if configured hopping interval value of L’ is larger than configured TDW length value of L.
Case 2: Both L’ and L are not configured.
In this case, hopping interval is determined as a single slot. Thus, inter-slot frequency hopping is performed without inter-slot bundling, i.e., Rel-15/16 inter-slot frequency hopping can be reused. A UE would perform inter-slot frequency hopping among PUSCH transmissions when frequencyHopping in PUSCH-Config is configured as ‘inter-slot’ and/or inter-slot frequency hopping among PUCCH transmissions when interslotFrequencyHopping in PUCCH-Config is configured as ‘enabled’. Thus, a default UE behaviour should fall-back to Rel-15/16 inter-slot frequency hopping if both L’ and L are not configured while inter-slot frequency hopping is configured for PUSCH/PUCCH transmission. Otherwise, frequency hopping cannot be guaranteed even inter-slot frequency hopping is configured. For example, if a default hopping interval is determined as a default value of configured TDW length, i.e., min (maximum duration, duration of all PUSCH/PUCCH repetitions), no frequency hopping can occur among PUSCH/PUCCH transmissions since a single hop would consist of large number of slots, which can equal to or larger than duration of all PUSCH/PUCCH transmissions.
· Proposal 3: If both hopping interval (i.e., L’) and configured TDW length (i.e., L) are not configured, hopping interval is determined as a single slot, i.e., Rel-15/16 inter-slot frequency hopping can be reused.
According to output in A.I. 8.8.1.3, default value of configured TDW length can be determined as min (maximum duration, duration of all PUCCH repetitions) if configured TDW length (i.e., L) is not configured.

Conclusion
In this contribution, we provided our views on PUCCH enhancements for coverage enhancement and the followings were proposed:
· Proposal 1: For Rel-17 inter-slot frequency hopping with inter-slot bundling, Rel-15/16 inter-slot frequency hopping pattern design is reused as much as possible.
· Physical slot index is used for PUSCH.
· Relative physical slot index is used for PUCCH.
· Proposal 2: Following methods can be further considered to maximize the gain of joint channel estimation in case of both hopping interval (i.e., L’) and configured TDW length (i.e., L) are configured:
· Alt 1: A UE does not expect to be configured as hopping interval (i.e., L’) > configured TDW length (i.e., L).
· Alt 2: Hopping interval (i.e., L’) is used for determination of configured TDW length if configured hopping interval value of L’ is larger than configured TDW length value of L.
· Proposal 3: If both hopping interval (i.e., L’) and configured TDW length (i.e., L) are not configured, hopping interval is determined as a single slot, i.e., Rel-15/16 inter-slot frequency hopping can be reused.
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