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Background
The following agreements were achieved at RAN1#102 e-meeting [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:
 Deprioritize the study of the following schemes for PUCCH coverage enhancement
· UE Antenna configuration enhancement for FR2
· Relay (including sidelink relay)
· Reflective arrays

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. 




PUCCH coverage enhancement
As agreed at the last meeting, some of the technical items are identified as high priority. We discuss the high priority issues as follows.
1.1. DMRS-less PUCCH
In this contribution, we provide evaluation results for DMRS-less PUCCH scheme which is compared with Rel-15/16 PUCCH format 3. Evaluation assumption is mostly based on the agreed evaluation assumption for baseline coverage evaluation. Baseline evaluation assumptions are in our companion contribution [2].

For the DMRS-less scheme, the detection is based on correlation detector as shown in the following equation.

[bookmark: _GoBack]Here, u represents the sequence number for the sequence with the largest correlation among the number 2M of candidate sequences. M represents the number of UCI bits conveyed in the PUCCH. Also, u’k represents the k-th element in the sequence number u’. Also, mk is the k-th element in the detected sequence. Also, K is the sequence length. NRx represents the number of receive antenna ports. ()* indicates complex conjugate operation.
For Rel-15 PUCCH format 3, 2D-MMSE based channel estimation with ideal information about delay spread and Doppler spread is performed. ML-based detection is applied for decoding of Reed-Muller coding.
Figure 1 shows BLER performance comparison of DMRS-less scheme and Rel-15 PUCCH format 3. As shown, DMRS-less scheme has gain of about 3 dB compared to Rel-15 PUCCH format 3. Therefore, we propose,
Proposal 1: Capture DMRS-less scheme as a candidate solution for coverage enhancement on PUCCH in the TR.


Figure 1: Comparison of DMRS-less PUCCH and Rel-15 PUCCH format 3 for 4 bits UCI

1.2. DMRS bundling
DMRS bundling is studied in our companion contributions [3]. We see that DMRS bundling is also beneficial for PUCCH.
Proposal 2: Capture DMRS bundling as a candidate solution for coverage enhancement on PUCCH in the TR.
1.3. Enhancement for TDD
For TDD configuration, Rel-15 PUCCH repetition doesn’t ensure enough repetitions since some of the repetitions are dropped. We have at least two directions on this. In the following, we discuss repetition type B like enhancement and dynamic repetition factor indication.
Repetition type B for PUCCH
Channel segmentation by slot boundary has been introduced for Rel-16 repetition type B. The channel segmentation would provide better utilization for resources in special slots for PUCCH. Figure 2 shows an example of channel segmentation by slot boundary with nominal length = 8. In Figure 2, the first nominal repletion is divided into two actual repetitions with 2 symbols in slot#0 and 6 symbols in slot#1. In this example, two actual repetitions may have different PUCCH formats depending on the constraint of supported length for each PUCCH format.
Proposal 3: Capture Channel segmentation by slot boundary as a candidate solution for coverage enhancement on PUCCH in the TR.
Proposal 4: Two actual repetitions with different PUCCH formats (e.g., one for format 2 and another for format 3) should be allowed for Channel segmentation.


Figure 2: Actual repetitions
Dynamic repetition factor indication for PUCCH
Dynamic indication of PUCCH repetition factor would be beneficial to ensure the number of repetitions in TDD.
Proposal 5: Capture dynamic repetition factor indication as beneficial for coverage enhancement on PUCCH in the TR.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Capture DMRS-less scheme as a candidate solution for coverage enhancement on PUCCH in the TR.
Proposal 2: Capture DMRS bundling as a candidate solution for coverage enhancement on PUCCH in the TR.
Proposal 3: Capture Channel segmentation by slot boundary as a candidate solution for coverage enhancement on PUCCH in the TR.
Proposal 4: Two actual repetitions with different PUCCH formats (e.g., one for format 2 and another for format 3) should be allowed for Channel segmentation.
Proposal 5: Capture dynamic repetition factor indication as beneficial for coverage enhancement on PUCCH in the TR.
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