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1. Introduction
In Rel-17 NR coverage enhancement [1], following enhancements are introduced for PUCCH
· Dynamic indication of the number of repetitions for PUCCH
· Joint channel estimation
In RAN4#101bis, WF on PUCCH demodulation performance was agreed and shown as follows [2],
Issue 2-1-1: 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
Issue 2-2-1: Whether to define BS demodulation requirements for dynamic indication of PUCCH repetition
Agree not to define BS demodulation requirements for dynamic indication of PUCCH repetition.
Issue 2-3-1: Whether to define BS PUCCH demodulation requirements with JCE
· Option 1: Yes
· Option 2: No
· Option 3: FFS after the finalization of core requirements in RAN1 and RAN4
Issue 2-3-2: PUCCH format for BS PUCCH demodulation requirements with JCE (if introduced)
· 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
Issue 2-3-3: Slot number for JCE in BS PUCCH demod requirements (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 4: Depending on the issue 1-4-2 
· Note: Slot number refers to the actual TDW length
Issue 2-3-4: Other parameters for BS PUCCH demodulation requirements with JCE (if introduced)
· 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

2. Discussions
In [3], it has been agreed to define the PUSCH demodulation requirements with JCE. As the impact of JCE on PUSCH and PUCCH is similar, it is necessary to define PUCCH demodulation requirements with JCE as well.
Proposal 1: The demodulation requirement for multi-slot PUCCH with JCE should be defined.
FR1 and FR2
We note that demodulation requirement for multi-slot PUCCH in FR2 is not defined in TS 38.104. And according to the study result in TR 38.830, for FR2, PUCCH suffers coverage limitation only in O2I scenario while performs well in indoor and O2O scenarios. In our understanding, O2I is not a typical scenario for FR2. Furthermore, available FR2 TDD patterns don’t have continuous UL slots can be used for JCE. Whether introducing new TDD patterns should depends on RAN4 discussion. Therefore, only FR1 is suggested to be considered when defining the demodulation requirement for PUCCH JCE.
Observation 1: FR2 PUCCH is performance bottleneck only in O2I scenario according to TR38.830.
Observation 2: There is no available FR2 TDD pattern for PUCCH JCE. 
Proposal 2: Only define FR1 PUCCH JCE demodulation requirement. 
Frequency hopping
For PUCCH JCE, frequency hopping is an event of violating power consistency and phase continuity. Therefore, to sufficiently verify the performance and BS processing for PUCCH JCE, frequency hopping is suggested to be disabled.
Proposal 3: For PUCCH JCE demodulation requirement, frequency hopping is disabled.
PUCCH format
For PUCCH JCE requirement, PUCCH format 2 can be ignored as it is not typically used for eMBB. PUCCH format 1 should be considered because of it is the most important PUCCH format for RRC connection maintenance. PUCCH format 3/4 are required at least for CSI feedback, and their DMRS symbol number/position is different from PUCCH format 1, so they can also be considered in PUCCH JCE requirement definition. As PUCCH 3 and PUCCH 4 has same signal lengths and DMRS symbol/position, similar performance improvement from JCE can be expected for both, so only one from both is enough for PUCCH JCE requirement definition, e.g. PUCCH format 3.
Proposal 4: For defining the demodulation requirement for PUCCH JCE, PUCCH format 1 and 3 can be considered.
Slot number
The slot number for PUCCH JCE requirement could follow PUSCH JCE discussion agreement. 
Proposal 5: For PUCCH JCE demodulation requirement, use the same cTDW and aTDW configuration as PUSCH JCE requirement.  
Proposal 6: Take following parameters for PUCCH JCE requirement. 
Table 2-1: Test Parameters for PUCCH JCE format 1 
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	disabled

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2



Table 2-2: Test Parameters for FR1 PUCCH JCE format 3 
	Parameter
	Test

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping
	disabled

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Number of slots for PUCCH repetition
	2



3. Conclusions
Proposal 1: The demodulation requirement for multi-slot PUCCH with JCE should be defined.
Observation 1: FR2 PUCCH is performance bottleneck only in O2I scenario according to TR38.830.
Observation 2: There is no available FR2 TDD pattern for PUCCH JCE. 
Proposal 2: Only define FR1 PUCCH JCE demodulation requirement. 
Proposal 3: For PUCCH JCE demodulation requirement, frequency hopping is disabled.
Proposal 4: For defining the demodulation requirement for PUCCH JCE, PUCCH format 1 and 3 can be considered.
Proposal 5: For PUCCH JCE demodulation requirement, use the same cTDW and aTDW configuration as PUSCH JCE requirement.  
Proposal 6: Take following parameters for PUCCH JCE requirement. 
Table 2-1: Test Parameters for FR1 PUCCH JCE format 1 
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	disabled

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2



Table 2-2: Test Parameters for FR1 PUCCH JCE format 3 
	Parameter
	Test

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping
	disabled

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Number of slots for PUCCH repetition
	2
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