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Introduction
This document extends the discussion on the NR Coverage enhancements BS demodulation requirements introduced in  [1] after the discussion on the RAN4 #101bis-e summarized in [2] and with proposed way forwards in [3] and [4]. 
The agreements reached during the last meeting regarding NR Coverage Enhancements BS Demodulation work are captured on the WFs [4]. The major open topics being PUCCH enhancements. 
This paper presents Nokia’s views on the open issues related to the NR coverage enhancements BS demodulation work, extending the previous discussion introduced in [1].

[bookmark: _Ref90500646]PUCCH enhancements
Formats
For DMRS bundling across PUCCH repetitions, new channel estimator needs to be implemented at receiver to process DMRS across multiple repetitions. This would lead to different demodulation implementation compared to Rel-16. Note that the feature requires that same phase and transmission power to be maintained at UE across PUCCH repetitions. Therefore, requirements need to be specified to check the performance of this feature. 
Furthermore, PUCCH and PUSCH do not implement the same channel coding. This means that BS demod is impacted differently for both PUCCH and PUSCH. The optimization and implementation for demod algorithm might differ for both. 
In RAN1#107bis-e, RAN1 agreed not to support PUCCH DMRS Bundling for PUCCH short formats 0/2.
	Agreement 
PUCCH DMRS bundling is not supported for PUCCH format 0/2



Therefore, we make the following proposal: 
[bookmark: _Ref95485629] RAN4 to specify BS demod requirements for PUCCH DMRS bundling for formats 1 and 3. 

Test metric for PUCCH
[bookmark: _Hlk95597851]The most meaningful KPI to be analysed for PUCCH format 3 is block error probability while it is the NACK to ACK detection probability and the ACK missed detection probability for PUCCH format 1.
[bookmark: _Ref95485659]Use as evaluation metric for PUCCH format 3 requirements UCI block error probability. Format 1 shall use NACK to ACK detection probability and ACK missed detection probability.

Test parameters
[bookmark: _Hlk95596140]In this section, we provide a tentative set of parameters that can be used in PUCCH performance requirements to test DMRS bundling feature.
TDD
Same as in PUSCH, to define requirements of PUCCH DMRS Bundling and highlight the benefit from using this feature, the test parameters should ensure at least an actual window (aTDW)/slot number length equal to 2. Since inter-slot frequency hopping (FH) is frequently used by operators, we propose to keep this feature enabled for testing PUCCH DMRS Bundling.
The counting method of the cTDW (configured window) is based on physical slots. This differs from the counting method for PUCCH repetition, which counts on available slots. This means that we need to test high value of cTDW (greater than the number of repetitions) to be able to cover even a small number of possible repetitions. 
In Figure 1, with the default 7DSUU tdd-dl-ul pattern, we can see that with cTDW=32, we only reach 8 repetitions of PUCCH. We chose 8 repetitions of PUCCH to consider the case of enabling substantial MIMO feedback/gains in the cell edge, where PUCCH might be the bottleneck.
This 8-repetition case also highlights the useful “self-subdividing” procedures of JCE into distinct aTDW.

 [image: ]
[bookmark: _Ref95472128]Figure 1: Inter-slot frequency hopping with PUCCH DMRS Bundling (H1=hop1) in case of TDD.
We summarize this in the following observation:
[bookmark: _Ref95485675]For PUCCH DMRS bundling, FH is commonly configured, and cTDW needs to be chosen rather larger than the repetition factor due to the different slot counting methods.

Therefore, we propose the following configurations to specify requirements for PUCCH DMRS Bundling in TDD: 
[bookmark: _Ref95485692]Use TDD UL/DL pattern 7DSUU.
[bookmark: _Ref95485696]Use configured time domain window (cTDW) to be 32 slots.
[bookmark: _Ref95485698]Use configured number of repetitions = 8.
[bookmark: _Ref95485701]Activate inter-slot frequency hopping, with hopping interval length equal to 2 slots.

FDD
[bookmark: _Hlk95597299]In FDD, there is no gap between the consecutive UL slots. Therefore, we can reach the case of aTDW equal to the cTDW configured/nominal window if no other violating event of phase continuity happens. An example of violating event would be frequency hopping. To avoid that frequency hopping breaks the phase continuity in case of FDD, we propose to increase the value of hopping interval.  
Figure 2 shows a tentative of parameters in case of FDD.
[image: ]
[bookmark: _Ref95484918]Figure 2: Inter-slot frequency hopping with PUCCH DMRS Bundling (H1=hop1) in case of FDD.
We summarize this in the following observation:
[bookmark: _Ref95485741]In FDD the phase continuity is not repeatedly broken by DL slots and similar JCE gains to TDD can be achieved with smaller cTDW/aTDW lengths.

Therefore, we propose the following configurations to specify requirements for PUCCH DMRS Bundling in FDD:
[bookmark: _Ref95485744]Use configured time domain window (cTDW) to be 8
[bookmark: _Ref95485751]Use configured number of repetitions = 8.
[bookmark: _Ref95485762]Activate inter-slot frequency hopping, with hopping interval 4.

Other test parameters
Concerning the other test parameters discussed in the last meeting, a proposal was given for format 3:
	Issue 2-3-4: Other parameters for BS PUCCH demodulation requirements with JCE (if introduced)
· Option 1: 
· [bookmark: _Hlk95479862]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




We agree with the proposed option 1, which is also aligned with our reasoning for FH just above, and mirrors the values used in the RAN1 study:
[bookmark: _Ref95485833]For PUCCH format 3, use 1 PRB allocation, 14 OFDM symbols, and [16] bits payload. Intra-slot FH shall be disabled. Requirements shall be applicable to both FR1 and FR2.
Use Rel-15 PUCCH format 3 SCS, CBW, tx/rx antenna numbers, number of DM-RS per slot, and channel model, as starting point for further discussion.

Concerning format 1, no proposal was given in the last meeting, hence we propose the following, which is aligned with the RAN1 study:
[bookmark: _Ref95485841]For PUCCH format 1, use 14 OFDM symbols, and 2 bits payload. Intra-slot FH shall be disabled. Requirements shall be applicable to both FR1 and FR2.
Note: the full slot allocations help to avoid the corner cases where the aTDW is cut short by phase continuity violating events.
Use Rel-15 PUCCH format 1 SCS, CBW, tx/rx antenna numbers, and channel model, as starting point for further discussion.




[bookmark: _Hlk31794208]Conclusion
[bookmark: _Hlk95598342]In this contribution, we have provided parameters to test PUCCH DMRS bundling performance. Observations and proposals are derived from this discussion are presented as follows.

PUCCH formats
Proposal 1:RAN4 to specify BS demod requirements for PUCCH DMRS bundling for formats 1 and 3.
Test metric
Proposal 2:Use as evaluation metric for PUCCH format 3 requirements UCI block error probability. Format 1 shall use NACK to ACK detection probability and ACK missed detection probability
Test parameters for TDD
Observation 1:For PUCCH DMRS bundling, FH is commonly configured, and cTDW needs to be chosen rather larger than the repetition factor due to the different slot counting methods.
Proposal 3:Use TDD UL/DL pattern 7DSUU.
Proposal 4:Use configured time domain window (cTDW) to be 32 slots.
Proposal 5:Use configured number of repetitions = 8.
Proposal 6:Activate inter-slot frequency hopping, with hopping interval length equal to 2 slots.
Test parameters for FDD
Observation 2:In FDD the phase continuity is not repeatedly broken by DL slots and similar JCE gains to TDD can be achieved with smaller cTDW/aTDW lengths. 
Proposal 7: Use configured time domain window (cTDW) to be 8
Proposal 8:Use configured number of repetitions = 8.
Proposal 9:Activate inter-slot frequency hopping, with hopping interval 4.
Other test parameters
Proposal 10:For PUCCH format 3, use 1 PRB allocation, 14 OFDM symbols, and [16] bits payload. Intra-slot FH shall be disabled. Requirements shall be applicable to both FR1 and FR2.
Proposal 12:For PUCCH format 1, use 14 OFDM symbols, and 2 bits payload. Intra-slot FH shall be disabled. Requirements shall be applicable to both FR1 and FR2.
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