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1 Introduction
In RAN#105-e meeting, the following agreements and conclusions have been made regarding PUCCH enhancement [1]:
	Agreement:
· For 120 kHz SCS:
· Support at least Alt-1 for enhanced PUCCH format0/1 for both PUCCH resources before and after dedicated PUCCH resource configuration
· FFS: Whether or not Alt-2 is additionally supported for PUCCH format0/1 for either or both of the following:
· PUCCH resources before dedicated PUCCH resource configuration
· PUCCH resources after dedicated PUCCH resource configuration
· FFS: Supported RE mapping scheme(s) amongst {Alt-1, Alt-2} for enhanced PUCCH format4 including design details
· Notes:
· Alt-1 = all REs within each RB are mapped
· Alt-2 = a subset of REs within each RB are mapped (sub-PRB interlaced mapping)
· Which RE mapping scheme(s) to support for PUCCH format0/1/4 to be concluded in RAN1#106
· Note: No further enhancements on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.



This contribution discusses the remaining issues for PUCCH format 0/1/4. 
2 Discussion 
1 
2 
Maximum number of PRBs 
In previous meeting, RAN1 agreed at least the maximum number of PRBs for PUCCH format 0/1/4 is 12/3/2 PRBs for 120/480/960KHz SCS respectively, assuming UE_EIRP = 25 dBm and UE_P = 21 dBm. RAN1 had some discussion on feasibility of larger UE_EIRP and UE_P, and finally agreed to send LS to RAN4 about proper values with the consideration of practical implementation. 
[bookmark: _Hlk72981634]According to LS from RAN4 [2], RAN4 can confirm the regulatory limits max EIRP and max TRP can be higher than the above values, and min peak EIRP for FWA UE can be around 25dBm. A power ranging from minimum peak EIRP to below the regulatory maximum EIRP limit, is technically valid for the UE to transmit out. Therefore, UE_EIRP can be larger than 25dBm. Regarding UE_P, RAN4 does not specify requirement for conducted power. TRP may be used as the reference for UE_P. min peak EIRP is typically much larger than TRP due to antenna gain, e.g. TRP =26 and min peak EIRP =35 for FR2 in Table 7.2.1.1.1-1 in [2]. Therefore, with 25dBm min EIRP for FWA UE in 60GHz, TRP should be much smaller than 25dBm, though it can be higher than 21dBm. 
Maximum transmission power is limited by the minimum of (UE_EIRP-Tx BF gain) and (UE_P-CM), the transmission power is limited by UE_P rather than UE_EIRP when UE_EIRP is above a threshold, e.g. > 25dBm. As analysed above, UE_P may be slightly larger than 21 dBm. To provide some room for potential larger transmission power, extending 12 PRBs to 16 PRBs (maximum value for PUCCH format 2/3) can be supported, but further extension beyond 16 PRBs is undesirable, because the use case of using larger PRBs for a much smaller UCI payload for PUCCH format 0/1/4 compared with PUCCH format 2/3 is unclear.  
Proposal 1: RAN1 can consider up to 16 PRBs as maximum number of PRBs, considering UE_P can be larger than 21dBm but much smaller than 25 dBm min peak EIRP provided by RAN4. 
In the last meeting, RAN1 also discussed how to configure the number of RBs, . Alt 1 supports configuration of all integer values in the range of [1 .. max()], while Alt 2 supports configuration with coarser granularity. Alt 1 provides more flexibility and marginal standard effort, especially when the maximum number of RBs is no larger than 16 PRBs,  i.e. gNB can configure any proper integer as in Rel-15/16. Alt 2 can reduce some RRC signalling overhead (however, RRC signalling overhead is not typically RAN1 concern) at the cost of less flexibility and larger standard effort, i.e. RAN1 needs to determine the proper granularity. From RAN1’s perspective, scheduling flexibility and reasonable standard effort is more important than the limited RRC overhead reduction (only 1 or 2 bits reduction is expected). Therefore, Alt 1 should be supported. 
Proposal 2: Support configuration of all integer values in the range of [1 .. max()] per SCS, for PUCCH format 0/1. Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfills the requirement  where  is a set of non-negative integers for PUCCH format 4. 
Sequence for PUCCH format 0/1
As is discussed in previous meeting [3], with 12/3/2 PRBs for 120/480/960KHz SCS, long sequence (Alt-1) and short sequence with repetition (Alt-2) provides comparable performance. Alt-2 achieves better performance for smaller SCS while Alt-1 outperforms for larger SCS, because of different CM for different number of PRBs and different channel frequency selectivity with different SCS. If the number of maximum PRBs is further increased, e.g. up to 16 PRBs as PUCCH format 2/3 or even up to 22 PRBs with UE_P =24 dBM, MIL performance is still expected better by Alt-2 due to smaller CM and robustness to channel frequency selectivity. 
Since MIL performance is comparable for Alt-1 and Alt-2, other factors should be considered. Considering the proper number of PRBs would be different for different UEs, e.g. due to different UE type or different geometry, it is desirable to support UE multiplexing with different number of PRBs. Even for UEs with same number of PRBs, flexible resource allocation for PUCCH starting PRB is beneficial for UL resource efficiency, e.g. starting PRB for different UEs can be different. Comparing Alt-1 and Alt-2 sequence, Alt-1 sequence cannot provide orthogonality among the UEs because of different sequence length or different part of a long sequence, while Alt-2 sequence ensures the orthogonality due to same basic sequence for each PRB. Therefore, Alt-2 is preferred. 
Proposal 3: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 0/1.   
RE mapping for 120KHz SCS
RAN1 already agreed that PRB and sub-PRB interlace mapping for 480/960KHz is not considered. For 120KHz, at least full-PRB (Alt-1) based mapping for PUCCH format 0/1 for 120KHz is supported, and it is FFS whether sub-PRB interlace (Alt-2) mapping for PUCCH format 0/1 and 4 is needed.
For PUCCH format 0/1, similar performance for Alt-1 and Alt-2 is observed for most cases. Considering large standard impact (e.g. proper number of REs per PRB, DMRS pattern, UE multiplexing, signalling for Alt-1/2 switch) and UE implementation complexity (e.g. UE has to implement both alternatives), single unified solution for PUCCH format0/1 is desirable, i.e. only support Alt-1 for PUCCH format0/1. 
For PUCCH format 4, some companies proposed UCI mapping based on Alt-1 together with DMRS mapping based on Alt-2. According to evaluation results provided in [4], which is purely based on sub-PRB interlace without using cyclic shifts (CS) for different UEs, Alt-2 based DMRS can provide at most around 2 dB gain for some payload cases, with transmission power boosting. However, RAN1 already agreed to reuse Rel-15/16 CS to support multi-UE multiplexing, which implies at least CS + comb should be supported, if comb-based DMRS is to be supported. For example, if , DMRS is based on comb-2 with 2 CSs and UCI is based on length-4 OCC. Then, the performance would degrade compared with comb-4 without CS due to less power boosting (~ 3dB lose). Therefore, similar performance for Alt-1 and Alt-2 is expected. Furthermore, with comb + CS structure, CS is different from Rel-15/16 DMRS. According to equation (1) in Rel-15,  and m0 is chosen from 0, 3, 6, 9 associated with OCC index. With comb-based DMRS, both  and m0 needs modification. On the contrary, with full-PRB based DMRS, Rel-15  and m0 can be directly reused. It is noted that supporting multiple PRBs PUCCH with UE multiplexing does not necessarily require the extension of CS based on single RB. Actually, enhanced PUCCH format 3 in Rel-16 NR-U already supports multiple PRBs for up to 4 multiplexed UEs while DMRS is still the same as Rel-15 PUCCH format 3/4, i.e. CS is based on single RB. Increasing CS over multiple PRBs does not necessarily provide better orthogonality with frequency selective channel fading. 
                    (1)
Proposal 3: Support Alt-1 (full-PRB mapping) for PUCCH format 0/1/4. 
Rate matching for PUCCH format 4
For PUCCH format 4, the number of RBs does not autonomously adjust with UCI payload. Consequently, the coding rate varies with UCI payload. If the number of PRBs is quite large while UCI payload is small, the coding rate would be much lower than required. For that case, companies discussed whether to allow new upper limit (> 115 bits) for UCI payload to fully utilize larger number of PRBs for PUCCH format 4, and whether to introduce new rate matching mechanism to improve performance for extremely low coding rate case. For new upper limit, on one hand, it seems reasonable to increase UCI upper limit for PUCCH format 4 to provide better performance for > 115 bits than PUCCH format 3, because PUCCH format 4 can ensure maximum transmission power while PUCCH format 3 with PRB scaling may suffer transmission power degradation with less PRBs. On the other hand, multi-PRB PUCCH is mainly for coverage enhancement, the UCI payload is typically not so large, thus 115 bits limit would be sufficient. For rate matching mechanism, some companies suggested to use repetition instead of rate matching to the configured number of RBs. However, the performance gain provided by repetition is unclear. In Rel-16 NR-U, the number of RBs does not vary with UCI payload for enhanced PUCCH format 3 with single interlace, which is similar as PUCCH format 4 for 52.6-71 GHz. NR-U PUCCH format 3 supports rate matching over all PRBs of the interlace rather than repetition. Same mechanism should be reused for PUCCH format 4 for 52.6-71 GHz. 
Proposal 4: Support rate matching over all configure RBs with existing UCI upper limit for PUCCH format 4. 
PUCCH before RRC connection setup
Before RRC connection setup, a PUCCH configuration is determined by the indication of a row index in Table 9.2.1-1 in TS 38.213 carried by SIB1. In Rel-16 NR-U, a gNB configures interlace-based transmission in SIB1, and then, the UE reinterprets the table for interlace-based PUCCH transmission, otherwise, the PUCCH resource is single PRB-based. In NR 52.6 GHz-71 GHz, similarly, a gNB can configure single or multiple PRB-based PUCCH transmission in SIB1. However, unlike Rel-16 NR-U wherein the number of PRBs per interlace is fixed, the proper number of PRBs for NR 52.6 GHz-71 GHz would vary with different regions, scenario (e.g. fixed indoor or outdoor) and SCS. Therefore, the mechanism to indicate one of several hardcoded values for number of PRBs should be supported. Correspondingly, the start PRB for a PUCCH resource should be based on the indicate number of PRBs , RB offset and PUCCH resource index, e.g. the lowest PRB index of the PUCCH transmission in first hop is  . 
Moreover, unlike Rel-16 NR-U wherein a proper number of PRBs per interlace is same for all UEs due to same OCB requirement, the proper number of PRBs for each UE in NR 52.6 GHz-71 GHz would be different, because the motivation of multi-PRB PUCCH is for UL coverage which is different for UEs in different geometry. Therefore, the mechanism to support different number of multiple PRBs for different scenario and different UEs should be supported, e.g. indicating number of PRBs by DCI scheduling Msg 4. 
Proposal 5: Support contiguous multi-PRB PUCCH format 0/1 before RRC connection setup
· support different number of multiple PRBs for different scenarios.
· support different number of multiple PRBs for different UEs.
3 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: RAN1 can consider up to 16 PRBs as maximum number of PRBs, considering UE_P can be larger than 21dBm but much smaller than 25 dBm min peak EIRP provided by RAN4. 
Proposal 2: Support configuration of all integer values in the range of [1 .. max()] per SCS, for PUCCH format 0/1. Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfills the requirement  where  is a set of non-negative integers for PUCCH format 4. 
Proposal 3: Support Alt-1 (full-PRB mapping) for PUCCH format 0/1/4. 
Proposal 4: Support rate matching over all configure RBs with existing UCI upper limit for PUCCH format 4. 
Proposal 5: Support contiguous multi-PRB PUCCH format 0/1 before RRC connection setup
· support different number of multiple PRBs for different scenarios.
· support different number of multiple PRBs for different UEs.
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