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1 [bookmark: _Ref521334010]Introduction
During the Rel-17 study item “Study on NR coverage enhancements”, PUCCH has been identified as one of the potential bottleneck channels and the enhancement for PUCCH was also approved to be specified in Rel-17 coverage enhancements WI [1] including the following objectives:
	· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]



In this contribution, we provide our views on PUCCH enhancement.
2 Discussion
2.1 Dynamic PUCCH repetition factor indication
Repetition is an effective way for coverage enhancement. For PUCCH format 1/3/4, multiple slots can be configured for a PUCCH transmission by higher layer parameter nrofSlots. Typically, a conservative repetition number is configured to ensure the transmission reliability of PUCCH. However, more repeated transmissions decrease the spectrum utilization, which is not conductive when the channel condition is good. Moreover, in the current specification, PUCCH repetition number is format-based configured in PUCCH-FormatConfig, e.g. the value of the repetition number in the PUCCH resource corresponding to PUCCH format 3 is 2 while the value of the repetition number in the PUCCH resource corresponding to PUCCH format 4 is 4. The PUCCH repetition number may be various for the same PRI depending on the associated PUCCH format. However, it is impossible to select different repetition numbers for the same PUCCH format to meet the fluctuating coverage requirements. 
In the WID for Rel-17 coverage enhancement, dynamic indication of PUCCH repetition factor according to the channel condition is supported to alleviate the shortages of the existing mechanism. It can be achieved with either explicit scheme or implicit scheme. For explicit scheme, at least the following two alternatives can be considered:
· Alt.1: the repetition number is indicated by a new bit field in the DCI. For this scheme, a set of repetition values can be configured by higher layer signalling. Then, the new bit field carried in DCI can be used to dynamically indicate the repetition number for a PUCCH. At the same time, UE ignores the repetition number configured in PUCCH-FormatConfig and follows the value indicated by the new bit field. 
· Alt.2: the repetition number of a PUCCH is derived from a scaling factor indicated by the DCI and the repetition number currently configured for a PUCCH format. For this scheme, the scaling factor is indicated by the new DCI bit field carried in DCI which is applied to the repetition number for specific PUCCH format configured in PUCCH-FormatConfig.
An example for determining actual PUCCH repetition number corresponding to the bit field via the above two alternatives is provided in Table 1. For a given PUCCH resource, four candidate repetition numbers can be indicated by the 2-bit dynamic indication carried in DCI. From our point of view, either way is workable. Considering alternative 1 is more straightforward, we slightly prefer alternative 1. 
Table 1: PUCCH repetition number derived from explicit numbers or a scaling factor
	Indication values
	Actual PUCCH repK
(repetition number)
	Actual PUCCH repK
(scaling factor)

	00
	1
	0.5*nrofslots

	01
	2
	1*nrofslots

	10
	4
	2*nrofslots

	11
	8
	3*nrofslots


Proposal 1: PUCCH repetition number can be explicitly derived by a new DCI bit field indicating the repetition number of the PUCCH or the scaling factor of the repetition number provided by nrofSlots in PUCCH-Config.
On the other hand, the repetition number of PUCCH transmission can be derived from PRI implicitly without increasing DCI overhead. Accordingly, gNB needs to additionally configure a repetition number for each PUCCH resource. Then, UE can realize the repetition number of PUCCH via the PUCCH resource indicated by PRI according to the value of the new IE regardless the repetition number configured in PUCCH-FormatConfig.
Proposal 2: PUCCH repetition number can be implicitly indicated by PRI according to the separate repetition number configured for each PUCCH resource.
In addition, for semi-static UCI, such as SR, periodic CSI and semi-persistent CSI, PUCCH resource can only be configured by RRC. However, dynamic indication of repetition number may be naturally applied to the PUCCH that can be dynamically indicated, e.g. HARQ-ACK and A-CSI. On the other hand, SR with small bits may not be the bottleneck according to the previous simulation conducted in study item and CSI can be reported in aperiodic way. In this regard, whether dynamic repetition number for PUCCH can be applied to semi-static UCI should be further studied.
Proposal 3: Whether the dynamic indication of PUCCH repetition number can be applied to P-CSI/SP-CSI/SR should be further studied.
2.2 DMRS bundling across PUCCH repetitions
PUCCH coverage can be enhanced by improving the accuracy of channel estimation. In the current specification, only long PUCCH format can be enabled to support PUCCH repetition. As we discussed in [2], consistent power across the slots and the continuous phase between the slots are the premises of joint channel estimation. Specifically, same frequency resource allocation and transmission power have to be guaranteed during PUCCH repetitions. On the other hand, the gap between two consecutive PUCCHs may not satisfy the requirement of maintaining phase continuity when the PUCCH duration is relatively short. As shown in Figure 1, PUCCH is configured with two repetitions and each repetition occupies 6 OFDM symbols. Then, the gap between the ending symbol of the first repetition and the starting symbol of the second repetition is 8 symbols, which exceeds the maximum number specified in LTE. Exact limitation on PUCCH duration can be further discussed after the reply from RAN4. 


Figure 1: PUCCH repetitions with short duration 
Observation 1: Long PUCCH format with short duration may not support DMRS bundling across PUCCH repetitions.
For PUCCH format with large UCI payload size, e.g. PUCCH format 3/4, DMRS bundling resulting in lower DMRS density can provide more coding gain whilst ensure the accuracy of channel estimation. Hence, optimization of DMRS location/granularity in time domain can be further studied for the PUCCH DMRS enhancement. Similar to joint channel estimation in PUSCH discussed in [2], an implicit or explicit indication can be used to determine the DMRS bundling window. 
Besides, inter-slot frequency hopping among PUCCH repetitions is an efficient way to further improve the reliability of channel transmission. However, frequency hopping would destroy the phase continuity [3] and it is impossible to apply DMRS bundling between two hops. In order to further improve the PUCCH coverage, similar to PUSCH enhancement, the DMRS bundling mechanism could be extended to frequency hopping case, i.e. support inter-slot frequency hopping with inter-slot bundling as shown in Figure 2. The details can be further studied.


[bookmark: _GoBack]Figure 2: Inter-slot frequency hopping pattern with bundling window size equal to 2
Proposal 4: Optimization of DMRS location/granularity in time domain and inter-slot frequency hopping with inter-slot bundling can be considered for the PUCCH enhancement.
3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following observations and proposals:
Observation 1: Long PUCCH format with short duration may not support DMRS bundling across PUCCH repetitions.
Proposal 1: PUCCH repetition number can be explicitly derived by a new DCI bit field indicating the repetition number of the PUCCH or the scaling factor of the repetition number provided by nrofSlots in PUCCH-Config. 
Proposal 2: PUCCH repetition number can be implicitly indicated by PRI according to the separate repetition number configured for each PUCCH resource.
Proposal 3: Whether the dynamic indication of PUCCH repetition number can be applied to P-CSI/SP-CSI/SR should be further studied.
Proposal 4: Optimization of DMRS location/granularity in time domain and inter-slot frequency hopping with inter-slot bundling can be considered for the PUCCH enhancement.
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