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[bookmark: _Ref513464071]Introduction
In RAN1#102-e, RAN1 agreed to prioritize the study of certain schemes for PUCCH coverage enhancement. The prioritized schemes include DMRS-less PUCCH, PUCCH repetition and DMRS bundling across PUCCH repetitions.
This contribution identifies design considerations for the above schemes and proposes to capture them in TR 38.830. The contribution also provides a text proposal to TR 38.830.
DMRS-less PUCCH
Sequence-based transmission for PUCCH is supported in R15 in PUCCH F0. In [1] it is proposed to support sequence-based transmission for PUCCH for more than 1 bit of UCI. The motivation is that such type of non-coherent transmission performs better in low SNR regime that prevails for power-limited UEs. Evaluation results in [1] suggest that substantial gains (3-4 dB) can be achieved using this technique at least for low Doppler (11 Hz) and moderate payload (11 bits). 
Design aspects to be considered for DMRS-less PUCCH include the following:
· Number of sequences: at one extreme, for a payload of N bits a single sequence out of 2N candidate sequences can be mapped to all available resource elements of the PUCCH. At the other extreme, N sequences, each selected from 2 candidate sequences, can each use a portion (e.g. a time symbol) of the PUCCH. Design between these two extremes is also possible (e.g. m sequences, each selected from 2(N-m+1) candidate sequences). The performance of these options may be different depending on channel conditions, particularly Doppler and/or possibility of bursty uplink interference.
· Payload encoding: the payload can be encoded prior to mapping to sequence(s) to provide additional robustness in case channel conditions are poor on the resources on which a sequence is mapped. 
· Type of sequence: using Zadoff-Chu sequences may allow reuse of existing detectors at the network side, but may not be optimal if a large number of candidate sequences is required.
· Supported duration: the design should preferably support transmission using most or all of the time symbols of a slot to maximize coverage.
The above aspects can be investigated during WI phase if the study concludes that supporting DMRS-less PUCCH is beneficial for coverage enhancement.
Proposal 1: Capture in TR 38.830 that design considerations for DMRS-less PUCCH include the number and type of sequences, encoding of payload, and supported range of duration.
PUCCH repetition and DM-RS bundling
Increasing energy by extending transmission in time domain (e.g. by repetition) improves coverage. R15 supports a repetition scheme for PUCCH but some limitations exist. For example, in case of overlap with a PUSCH repetition no multiplexing is supported and the PUSCH repetition is dropped. A reason for this is that in case the UCI for that repetition would be multiplexed on PUSCH, it is difficult for the receiver to combine the UCI from the PUSCH transmission with the other PUCCH transmissions of the repetition bundle unless the rate matching would be identical.
Another problem is that a PUCCH repetition is skipped for a slot that does not have the required number of symbols available for transmission. Such “special slots” may occur frequently in a TDD scenario (e.g. DDDSU configuration) and may contain a non-negligible fraction of available uplink symbols. There is potential for significant coverage gain if uplink symbols in “special slots” can be utilized to transmit useful signals for PUCCH. 
One possibility (listed in agreement from RAN1#102-e) could be to use an approach similar as PUSCH repetition type B, in which a “nominal” repetition crossing a slot boundary or punctured by invalid symbols (e.g. downlink symbols) is split into multiple “actual” repetitions. Depending on the number of uplink symbols in the special slot and the configured duration of a “nominal” PUCCH repetition (e.g. 4 or 5 symbols), the UE could potentially transmit a “full” PUCCH repetition in the special slot. The UE could also use these symbols to transmit an assisting transmission consisting of at least an additional DMRS to be bundled with DMRS of the following uplink slot as illustrated in Figure 1 below. Therefore, such repetition enhancement may provide more significant benefit when combined with DMRS bundling enhancement.


[bookmark: _Ref53700257]Figure 1. Additional DM-RS for PUCCH in last symbols of preceding slot in TDD.
Design aspects to be further considered for enhanced PUCCH repetition and DMRS bundling include the following:
· Contents of each “actual” PUCCH repetition when a “nominal” PUCCH repetition is split, e.g. whether encoded UCI of such repetition can efficiently be combined at the receiver.
· Indication of number of repetitions, e.g. dynamically or semi-statically.
· Condition for bundling DMRS between PUCCH repetitions, e.g. applicable signaling.
Proposal 2: Capture in TR 38.830 that design considerations for PUCCH repetition enhancements include the possibility and impact of splitting a nominal PUCCH repetition in actual PUCCH repetitions, indication of number of repetitions, and conditions for bundling DMRS between PUCCH repetitions.
TP to TR 38.830 section 6.2
	[bookmark: _Toc47513265][bookmark: _Toc51860347]6.2	PUCCH coverage enhancements
Enhancements that may improve coverage for PUCCH are identified in the following.
· DMRS-less PUCCH for payload up to 11 bits
· Enhanced PUCCH repetition
· DMRS bundling for PUCCH
In DMRS-less PUCCH, information carried by selection of a sequence out of a set of candidate sequences. To support payload larger than 2 bits, the following design aspects can be considered:
· Number and type of sequences;
· Encoding of payload prior to mapping to sequence(s);
· Supported durations.
Repetition enhancements for PUCCH aim at maximizing resource utilization in time domain, particularly in TDD configurations including a significant fraction of uplink resources in slots containing both downlink and uplink symbols. DMRS bundling between repetitions may be supported to further enhance performance. A possible enhancement may follow principle similar to PUSCH repetition Type B in which a nominal repetition can be split into actual repetitions. The following design aspects are expected to result in specification impacts:
· Contents of actual repetitions when splitting nominal repetition in actual repetitions;
· Indication of number of repetitions, e.g. dynamically or semi-statically;
· Condition for bundling DMRS between PUCCH repetitions, e.g. applicable signaling.



Conclusion
This contribution discussed potential enhancements to improve coverage of PUCCH, and proposes the following:
Proposal 1: Capture in TR 38.830 that design considerations for DMRS-less PUCCH include the number and type of sequences, encoding of payload, and supported range of duration.
Proposal 2: Capture in TR 38.830 that design considerations for PUCCH repetition enhancements include the possibility and impact of splitting a nominal PUCCH repetition in actual PUCCH repetitions, indication of number of repetitions, and conditions for bundling DMRS between PUCCH repetitions.
A TP to 38.830 section 6.2 was also provided.
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Agreements from RAN1#102-e

[bookmark: _Hlk49248398]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:
 Deprioritize the study of the following schemes for PUCCH coverage enhancement
· UE Antenna configuration enhancement for FR2
· Relay (including sidelink relay)
· Reflective arrays


Update from 8/28 GTW
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

Conclusion: 
For the performance evaluation of PUCCH coverage enhancement schemes under 8.8.2.2, use PUCCH simulation assumptions agreed under 8.4.1 in RAN1#101e as a baseline. Companies are encouraged to report additional simulation parameters/assumptions particular to their proposed schemes together with the simulations results in RAN1 #103e. 
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