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1	Introduction
[bookmark: _Toc415085486][bookmark: _Toc503902285]While only a few Rel-17 SIs started in RAN1 already earlier, all approved Rel-17 WIs with RAN1 involvement started now finally in RAN1#102-e in August 2020. 
Based on the input by different companies and the decisions to further study certain enhancements, we recognized that PUCCH repetition enhancements seem to be in focus of studies as part of the Rel-17 Coverage Enhancements SI, the Rel-17 feMIMO WI as well as the Rel-17 IIoT & URLLC enhancements WI. 
Considering the already high workload of RAN1 in general and the additional burden / inefficiencies of using E-meetings, it is suggested to discuss in RAN to prevent overlapping discussions and potentially the specification of competing solutions to solve similar problems in different SI/WIs in Rel-17. 
2	Discussion on PUCCH repetition topic overlap
It is obvious, that some overlapping discussions with the same enhancements to be considered are occurring in different SI/WIs. 
Starting from the Rel-17 IIoT & URLLC enhancements WI, as part of the agreements on HARQ feedback enhancements (RAN1 AI 8.3.1.1), the following RAN1#102-e agreement from [1] is to be noted: 
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly
Looking more on the details of the proposed techniques by different companies as reported in Sec. 5.1 of [2], enhancements such as sub-slot PUCCH repetition incl. PUCCH repetition following PUSCH repetition Type B principles, dynamic PUCCH repetition indication as well as PUCCH repetition support for short PUCCH formats are mentioned. In addition, PUCCH TPC enhancements had been proposed but received less interest and therefore were not included in the list of schemes to be studied (at least yet). 
But the same techniques are also discussed as solutions as part of the multi-TRP enhancements in Rel-17 (RAN1 AI 8.1.2.1) of the Rel-17 feMIMO WI, being visible from the related RAN1#102-e agreements [1] in RAN1 AI 8.1.2.1 directly with the intention to support such enhancements: 
Agreement 
To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 

Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.

Agreement
For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions 

Agreement 
For multi-TRP PUCCH transmission, further investigate required power control enhancement. 

Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams

Last but not least, there is in addition also overlap identified with the ongoing studies as part of the Rel-17 Coverage Enhancements SI, also visible from related RAN1 agreements on PUCCH coverage enhancements (RAN1 AI 8.8.2.2) [1]: 
Agreements:
 Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, prioritize the study of the following schemes for PUCCH coverage enhancement,
· DMRS-less PUCCH
· FFS: design detail for DMRS-less PUCCH, e.g., sequence based PUCCH transmission, v.s. reuse Rel-15 scheme to transmit UCI without DMRS 
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits. 
· (Explicit or implicit) Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions
· Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits
Note 1: other schemes are not excluded. 
Note 2: the study on DMRS bundling for PUCCH repetition can be a joint study with DMRS bundling for PUSCH repetition studied under 8.8.2.1.
Note 3: Companies are invited to report details of the receivers used in the evaluation. Advanced receiver can be included (not mandatory) in performance evaluations. Performance and receiver complexity are discussed respect to a baseline Rel-15/16 PUCCH scheme. 
Note 4: proposed PUCCH repetitions scheme shall account for the resources used by PUSCH to meet the throughput target and should be compared against Rel-15/16 PUCCH repetition framework. 
[Note 5: enhancement on one or more PUCCH formats/UCI types may or may not be needed, depends on the outcome of sub-agenda 8.8.1]

Agreements: Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, the following schemes for PUCCH coverage enhancement can be further studied
· Sequence based PF 0/1 with Pi/2 BPSK
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
· UCI size reduction 
· Freq hopping enhancement for PUCCH
· Short/mini-slot PUCCH repetition
· Power control enhancement for PUCCH (including power boost for pi/2 BPSK)
· Increase maximum # allowed repetitions for PUCCH
· PUCCH Transmit diversity scheme
· Symbol-level repetition for long PUCCH
· Split UCI payload on short and long PUCCH on adjacent S and U slots
· Potential higher DMRS density for PUCCH with repetitions

Based on these considerations above, the following can be noted: 
Observation: Discussions & studies on PUCCH repetition enhancements are, besides in the Rel-17 IIoT & URLLC Enhancements WI, also taking place in the Rel-17 SI on Coverage Enhancements and in the M-TRP enhancements in the Rel-17 MIMO WI with the same proposed enhancements. Overlapping discussions and potentially the specification of competing solutions in more than one Rel-17 WI is clearly inefficient and should be prevented. 
Looking at the proposed techniques for URLLC/IIoT, there is an almost 100% match with the studies in the M-TRP enhancements – but of course the M-TRP is looking at ways to support such enhancements for more than one TRP /panel. But solutions developed for M-TRP could be also applied to S-TRP case (discussed in URLLC) with just not needing the M-TRP specifics (i.e. is to be regarded as a subset). From this perspective it is suggested to continue the studies and the agreed support for TDMed PUCCH (i.e. PUCCH repetition) as part of the Rel-17 feMIMO enhancements. 
A similar responsibility split has been done as well in Rel-16, where dynamic PDSCH repetition operation has been specified as part of the Rel-16 M-TRP enhancements also being applicable for the single TRP case. Therefore, we suggest to discuss / study and potentially specify ‘intra-slot’ PUCCH repetition incl. the support of short (i.e. all) PUCCH formats & dynamic repetition indication as part of the Rel-17 M-TRP enhancements in Rel-17 and not as part of the Rel-17 IIoT / URLLC WI. 
[bookmark: _GoBack]Moreover, discussions on the same techniques in the ongoing Coverage Enhancements SI could be minimized for the rest of the SI phase or at least RAN should take this into account when defining the objectives of the follow-up Coverage Enhancements WI in one of the next RAN meetings. 
Therefore, the following is suggested:
Proposal: Studies on TDMed PUCCH (i.e. PUCCH repetition) to be continued for the multi-TRP case based on RAN1#102-e agreements in the Rel-17 feMIMO WI, with the aim that if specified to also support the special case of having only a single TRP. 
· Related studies and discussions in the Rel-17 IIoT & URLLC WI including sub-slot or sub-slot type of PUCCH repetition, PUCCH TPC enhancements as well as support of dynamic repetition indication and repetition of all (incl. short) PUCCH formats are to be minimized. 
· Studies on the same techniques in the ongoing Rel-17 Coverage Enhancements SI are to be minimized for the rest of the SI phase or at least RAN should take this into account when defining the objectives of the follow-up Coverage Enhancements WI in one of the next RAN meetings.

3	Conclusions
In this contribution, we discuss the overlap of discussions and studies on PUCCH repetition in Rel-17 of the Rel-17 IIoT & URLLC WI, the Rel-17 feMIMO WI as well as the Rel-17 Coverage Enhancements SI, which can be summarized in the following observation:
Observation: Discussions & studies on PUCCH repetition enhancements are, besides in the Rel-17 IIoT & URLLC Enhancements WI, also taking place in the Rel-17 SI on Coverage Enhancements and in the M-TRP enhancements in the Rel-17 MIMO WI with the same proposed enhancements. Overlapping discussions and potentially the specification of competing solutions in more than one Rel-17 WI is clearly inefficient and should be prevented. 
The following is proposed to prevent such overlap especially considering the very high RAN1 workload and in-efficiencies due to Cov-19 / E-meetings here: 
Proposal: Studies on TDMed PUCCH (i.e. PUCCH repetition) to be continued for the multi-TRP case based on RAN1#102-e agreements in the Rel-17 feMIMO WI, with the aim that if specified to also support the special case of having only a single TRP. 
· Related studies and discussions in the Rel-17 IIoT & URLLC WI including sub-slot or sub-slot type of PUCCH repetition, PUCCH TPC enhancements as well as support of dynamic repetition indication and repetition of all (incl. short) PUCCH formats are to be minimized. 
· Studies on the same techniques in the ongoing Rel-17 Coverage Enhancements SI are to be minimized for the rest of the SI phase or at least RAN should take this into account when defining the objectives of the follow-up Coverage Enhancements WI in one of the next RAN meetings.
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