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Introduction
In this contribution, we discuss the following topics of PUCCH coverage enhancement.
· PUCCH repetition enhancement
· DMRS enhancement

PUCCH repetition enhancement

Sub-slot wise PUCCH transmission
In order to improve the coverage of PUCCH, it would be worth to consider increasing actual amount of resource for PUCCH transmission. As one of the ways to achieve this, a technique for arranging PUCCH on UL resources in which the existing PUCCH is not transmitted (e.g., a slot in which at least one symbol according to the PUCCH configuration is not available and remained but not used OFDM symbols in the slot for PUCCH transmission, etc.) is needed. For this purpose, PUSCH repetition type B like PUCCH repetition was prioritized in the agreement of RAN1 #102-e.
There are several points that should be considered for PUSCH repetition type B like PUCCH design. As shown in Figure 1, in the PUSCH repetition type B, the nominal repetition is determined without considering the slot boundary, and then the actual repetition is determined according to the slot boundary, resulting in several differences from the conventional PUCCH repetition. These include sub-slot wise transmission, multiple transmissions in a single slot, the symbol length and starting symbol index of the repeated PUSCH is not the same throughout the repetition and the actual repeated number of PUSCH is more than that of configured. To prevent divergence of discussion, clarification for PUSCH repetition type B like PUCCH repetition is required.


[bookmark: _Ref53667414]Figure 1. Example of PUSCH repetition type B
Therefore, more generally, it is necessary to discuss a technique for transmitting a PUCCH on a UL resource in which the PUCCH is not transmitted conventionally. In other words, enhanced technique for repetition is required in the case of fewer resources are allocated for PUCCH repetition which enables transmission to a resource that has not previously used for PUCCH transmission. For example, UCI segmentation [1], sub-slot wise PUCCH transmission by reduction of its payload [2] and symbol-level PUCCH repetition [3] could be candidates for this technique. As PUCCH CE is currently in the SI stage, it is desirable to proceed it in WI phase for a specific design of the detailed technology.

Proposal 1: 
· The technique for deploying more UL resource(s) which PUCCH is not transmitted conventionally is necessary for PUCCH coverage enhancement.
· Followings can be considered as candidates of PUCCH repetition for PUCCH coverage enhancement.
· UCI splitting, PUCCH transmission by reduction of its payload, symbol-level PUCCH repetition

Enhancement of PUCCH repetition
As discussed in the previous section, the lack of UL resources required for PUCCH transmission is one of the main topics to be discussed in CE. For example, even if the size of the PUCCH repetition is sufficiently given, sufficient coverage may not be guaranteed due to the presence of invalid slots, or the repetition size itself may not be sufficient to support target coverage. As a simple method to solve this problem, a method of increasing the size of the repetition itself can be considered.
This has the advantage of supporting CE with only a simple modification of the PUCCH repetition type supported by the conventional UE, and also it can be easily applied to performance improvement of other technologies to support CE. (e.g., DMRS bundling or PUSCH repetition type B like PUCCH)

Proposal 2: 
· It is necessary to identify how many actual number of PUCCH repetition should be increased in order to satisfy CE in the existing PUCCH repetition.

DMRS enhancement

DMRS-less PUCCH
According to the agreements of previous RAN1 #102-e meeting, DMRS-less PUCCH was prioritized and it was decided to examine the following two alternatives.
· Alt.1: Sequence based DMRS-less PUCCH transmission
· Alt.2: Rel-15 scheme to transmit UCI without DMRS
For both alternatives, the actual performance comparison between the existing PUCCH and the alternative and between alternatives should be given priority. In case of sequence based design, several concerns are remained. One thing is that if a short sequence is used for sequence based design, there may be a problem in error detection/collection. And if a long sequence is used, sequence design and mapping is needed which leads a non-negligible specification impact. Another candidate, transmitting UCI without DMRS, is advantageous in reusing an existing channel coding design and mapping rule. The performance comparison must be prioritized as to which solution to be used. However, if the performance difference between two candidates is marginal, it is preferred to select UCI without DMRS.
Meanwhile, it should be noted in any case, that performance of transmitting PUCCH without DMRS would be hardly guaranteed in case of PUCCH without DMRS is transmitted is time-selective channel which leads to deep fading. The performance of it seems to be guaranteed only for the low mobility. Therefore, the DMRS-less PUCCH can be considered in a limited environment, which needs to be discussed.

Observation 1: 
· DMRS-less PUCCH transmission scheme for both alternatives (i.e., Sequence based DMRS-less PUCCH transmission and Rel-15 scheme to transmit UCI without DMRS) are difficult to guarantee performance when the channel is time selective due to medium and high mobility.

Proposal 3: 
· The performance comparison should be prioritized between DMRS-less candidates and with conventional PUCCH.
· The DMRS-less PUCCH can be considered in a limited environment. For example, if the performance of it is guaranteed only in low mobility, using it only in such an environment should be discussed.

DMRS bundling cross PUCCH repetition
A preferred methodology of applying the DMRS-less PUCCH is to transmit on a channel that is not time selective, or to transmit on a resource that can be compensated even it is time selective. One of the simple example for it is using a slot in which the adjacent DMRS can be exploited. This is consistent with the “Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits” of the DMRS bundling cross PUCCH repetition prioritized in the last 102-e meeting, and thus DMRS-less PUCCH and DMRS bundling cross PUCCH repetition need to be discussed together. 
[bookmark: _GoBack]Several things to be considered for DMRS bundling is that it may be required to define time unit that the uplink QCL, the transmission precoder and the UE Tx beam are maintained to be same in case of DMRS bundling within adjacent slots. These assumptions can also be applied to frequency hopping.

Proposal 4: 
· DMRS-less PUCCH and DMRS bundling cross PUCCH repetition need to be discussed together.

Conclusion
In this contribution, we discussed on PUCCH coverage enhancement, especially about PUCCH repetition enhancement and DMRS enhancement. From the discussion, we propose as follows:

Sub-slot wise PUCCH transmission
Proposal 1: 
· The technique for deploying more UL resource(s) which PUCCH is not transmitted conventionally is necessary for PUCCH coverage enhancement.
· Followings can be considered as candidates of PUCCH repetition for PUCCH coverage enhancement.
· UCI splitting, PUCCH transmission by reduction of its payload, symbol-level PUCCH repetition

Enhancement of PUCCH repetition
Proposal 2: 
· It is necessary to identify how many actual number of PUCCH repetition should be increased in order to satisfy CE in the existing PUCCH repetition.

DMRS-less PUCCH
Observation 1: 
· DMRS-less PUCCH transmission scheme for both alternatives (i.e., Sequence based DMRS-less PUCCH transmission and Rel-15 scheme to transmit UCI without DMRS) are difficult to guarantee performance when the channel is time selective due to medium and high mobility.

Proposal 3: 
· The performance comparison should be prioritized between DMRS-less candidates and with conventional PUCCH.
· The DMRS-less PUCCH can be considered in a limited environment. For example, if the performance of it is guaranteed only in low mobility, using it only in such an environment should be discussed.

DMRS bundling cross PUCCH repetition
Proposal 4: 
· DMRS-less PUCCH and DMRS bundling cross PUCCH repetition need to be discussed together.
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Annex
Agreement in RAN1#102-e meeting
	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
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