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1	Introduction
In the last RAN4 meeting, the performance part of Rel-17 coverage enhancement was discussed based on the WID [1]. The related agreement was captured in the WF [2] as
In this contribution, view on the test scope of PUCCH for Rel-17 coverage enhancement was provided.
2	PUCCH enhancements
In this section, the potential PUCCH performance requirement impacts for sub-objective of coverage enhancement are analyzed. 
2. 1 PUCCH demodulation with Joint channel estimation 
In the last meeting, the following open issues are under discussed 
Test Metric for BS PUCCH demodulation test cases
	· Option 1
· Test UCI block error probability for PUCCH format 2/3/4
· Test NACK to ACK detection probability for PUCCH format 1
· Option 2: Reusing the existing test metric for different PUCCH formats can be reused as a baseline
· Option 3: FFS



Regarding the test metric, in Rel-15, different PUCCH formats are specified with different test metric pending on payload. In case of PUCCH requirement with Joint channel estimation, we think there is no necessary to define new test metric, we prefer to reuse the existing test metric for different PUCCH formats as baseline.  Currently, whether to define PUCCH requirement with Joint channel estimation and which formats will be considered, so, we can further discuss after the PUCCH requirement with joint channel estimation is introduced.
Propose 1: RAN4 apply the existing test metric for PUCCH requirement with joint channel estimation, if agreed to introduce.
PUCCH format with JCE
	· Option 1: yes
· Option 2: No
· Option 3: FFS after the finalization of core requirements in RAN1 and RAN4



Regarding DMRS bundling, this objective has impact on both UE and gNB side. UE behavior needs to be defined if the phase coherency of PUSCH repetition, and new channel estimator needs to be implemented at receiver to process DMRS across multiple repetitions. The UE RF core requirement is under discussion in RAN4 to investigate condition to keep power consistency and phase continuity.
As indicated in the WID, the similar mechanism for enabling joint channel estimation for PUSCH is applied to PUCCH
In Rel-15, NR designed several formats for both coverage purpose and wide range of UCI payloads.
With format 0 and format 2, they are used for short latency and small payload or when uplink coverage is good.
With format 1, format 3 and format 3, they are used for less latency critical and larger payload or when larger uplink coverage is required.  Meanwhile, to further improve the UL coverage, PUCCH repetitions over multi-slots are supported. The related performance was specified in Rel-15. In general, we think PUCCH is not bottleneck of Uplink
From DMRS bundling functionality verification aspect, our understanding there is no different compared with PUSCH and PUCCH, except for the DMRS location in PUSCH and PUCCH. Since RAN4 have agreed to introduce PUSCH with JCE requirement, the test purpose can be fulfilled. Therefore, we think PUCCH requirement with JCE can be deprioritized.
From test coverage perspective, we are open to further discuss whether this requirement is needed or not. 
Propose 2: Further discuss the necessity of requirement of PUCCH with JCE
PUCCH demodulation with JCE
	· Option 1: Format 3
· Option 2: Format 1, 2,3,4
· Option 3: Format 1
· Option 4: Format 1 and Format 2 or 3 or 4
· Option 5: Format 1 and 3



The test purpose of DMRS bundling with joint channel estimation is to verify BS baseband processing, to reduce the test effort, it is not necessary to cover all the available PUCCH formats. Meanwhile, the main useful scenario for DMRS bundling should be cell edge region. So, there is no necessary to introduce PUCCH format 0 or format 2 for requirement with JCE, which are applied for UL coverage is good.
 Meanwhile, as per RAN1 agreement, PUCCH DMRS bundling is not supported for PUCCH format 0/2.
	Agreement
· The RRC parameter “PUCCH-DMRS-Bundling” is per UL BWP, and the RRC parameter “PUCCH-TimeDomainWindowLength” is per UL BWP. 
· PUCCH DMRS bundling is not supported for PUCCH format 0/2. 



From DMRS structure, there is not different with format 3 and format 4. Both without and with additional DMRS can be supported for format 3 and format 4. Format 3 is more flexible in terms of payload size. In Rel-15, RAN4 has already specified the requirement of PUCCH format 1 with multi-slots. Therefore, it can be considered as a baseline to compare the performance with JCE. 
Propose 3: if RAN4 agreed to introduce PUCCH requirement with joint channel estimation, format 1 or format 3 can be considered



Slot number for JCE if introduced 
	· For TDD
· Option 1: 2 consecutive slots
· Option 2: 4 slots within the configured TDW
· Option 3: Depending on the issue 1-4-2
· For FDD
· Option 1:2 consecutive slots 
· Option 2:more than 2 consecutive slots 
· Option 3: 4
· Option 4: 8
· Option 5: Depending on the issue 1-4-2
· Note: slot number refers to the actual TDW length



Similar as PUSCH with joint channel estimation, we prefer 2 consecutive slots for TDD and FDD for PUCCH requirement. 
Propose 4: if RAN4 agreed to introduce PUCCH requirement with joint channel estimation, 2 consecutive slots for TDD and FDD can be considered.
Other parameters for JCE
	· Option 1
· 11 or 22 bits for PUCCH format 3
· 1 PRB allocation and 14 OFDM symbols
· Inter-slot frequency hopping with DMRS bundling
· FR1 and FR2
· Option 2
· Use legacy configuration as starting point but disable intra-slot frequency hopping to allow for DM-RS bundling. 
· Option 3
· Consider test configuration of existing multi-slot PUCCH requirements as the starting point



In general, we prefer to apply the existing test parameters specified in Rel-15 PUCCH requirement for PUCCH requirement with joint channel estimation as starting point. The details can be further discussed pending on the agreed PUCCH format.
Regarding the inter-slot frequency hopping, since we prefer 2 slots for DMRS bundling, it should be disable.
Propose 5: if RAN4 agreed to introduce PUCCH requirement with joint channel estimation, apply existing test parameters specified in Rel-15 for PUCCH requirement with JCE as starting point. The details can be further discussed pending on the agreed PUCCH format. Disable inter-slot and intra-slot hopping with DMRS bundling.
3	Conclusion 
In this contribution, the overview impact on PUCCH performance requirement for Rel-17 coverage enhancement WI is provided.
Propose 1: RAN4 apply the existing test metric for PUCCH requirement with joint channel estimation, if agreed to introduce.
Propose 2: Further discuss the necessity of requirement of PUCCH with JCE
Propose 3: if RAN4 agreed to introduce PUCCH requirement with joint channel estimation, format 1 or format 3 can be considered
Propose 4: if RAN4 agreed to introduce PUCCH requirement with joint channel estimation, 2 consecutive slots for TDD and FDD can be considered.
Propose 5: if RAN4 agreed to introduce PUCCH requirement with joint channel estimation, apply existing test parameters specified in Rel-15 for PUCCH requirement with JCE as starting point. The details can be further discussed pending on the agreed PUCCH format. Disable inter-slot and intra-slot hopping with DMRS bundling.
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