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1 [bookmark: _Ref521334010]Introduction
In RAN1#104 e-meeting, coverage enhancement for PUCCH was extensively discussed and the following agreements were achieved [1]:
	Agreements: 
Down select from the following two options to support dynamic PUCCH repetition factor indication.
· Option 1 (without DCI enhancement): Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is implicitly indicated by DCI.
· FFS details, e.g., via reusing the “PUCCH resource indicator” field (without increase # bits of it), starting CCE index (when applicable) of DCI, by PDCCH aggregation level, etc.
· FFS: RRC signaling enhancement details
· Option 2 (with DCI enhancement): PUCCH repetition factor is explicitly indicated by DCI
· e.g., introduce a new field or increase the number of bits of an existing field (e.g., PRI) in DCI for PUCCH repetition factor indication
· FFS whether there is a need for RRC update

Agreements: 
Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 
· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size



In this contribution, we provide our views on PUCCH enhancement.
2 Discussion
2.1 Dynamic PUCCH repetition factor indication
Dynamic indication of PUCCH repetition factor can be supported through either explicit scheme or implicit scheme, which needs to be down selected according to the agreement achieved during RAN1#104 e-meeting [1]. 
For option 1, the set of PUCCH repetition factors is configured by the enhanced RRC signalling. Subsequently, the applicable repetition value is indicated by the UL grant implicitly. The following three solutions were raised by companies at RAN1#104 e-meeting: 
· Alt.1: the repetition number is indicated via reusing PRI field. A new IE which configures the repetition number per PUCCH resource should be introduced in PUCCH-Config. UE can realize the repetition number implicitly via reusing PRI field according to the configured repetition number associated with the indicated PUCCH resource. Accordingly, UE should ignore the repetition number configured in the current PUCCH-FormatConfig.
· Alt.2: the repetition number is derived from the starting CCE index of the PDCCH candidate carrying UL grant. Different CCE indices are associated with different values of repetition number. PUCCH repetition number can be implicitly derived from the CCE index of the scheduling DCI in the end. 
· Alt.3: the repetition number is derived from the PDCCH aggregation level used for PDCCH transmission. A predefined or pre-configured relationship between repetition number and aggregation level should be provided. PUCCH repetition number can be determined according to the PDCCH aggregation level of the PDCCH candidate.
For alt.2, starting CCE index has been used to implicitly determine the PUCCH resource index when the first PUCCH resource set includes more than 8 PUCCH resources. Excessively exploiting CCE index would lead to restricted functionality on both sides, i.e. the flexibility of indicating repetition number and PUCCH resource, which degrade the performance of PUCCH transmission in turn. Furthermore, it is not preferred to define different methods for PUCCH format 1 and PUCCH format 3/4. For alt.3, PDCCH aggregation level is highly related to the channel condition which is completely independent of PUCCH resource. The performance of the scheduling PDCCH will be affected if inappropriate aggregation level is chosen in order to indicate the PUCCH repetition number. Hence, it seems more reasonable to use PRI to implicitly indicate the PUCCH repetition number. 
Observation 1: PUCCH repetition number can be implicitly indicated by PRI according to the separate repetition number configured for each PUCCH resource.
For option 2, at least the following 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.
· Alt.3: the repetition number is indicated by an extended bit field (e.g., PRI) in DCI. In this scheme, PRI is extended to indicate the combination of PUCCH resource and repetition number, which is similar as the new TDRA table with repetition number in Rel.16.
An example for determining actual PUCCH repetition number corresponding to the bit field via the above alt.1 and alt.2 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. 
For alt.3, PUCCH resource and PUCCH repetition factor are simultaneously indicated by the redefined bit field. However, it seems no difference between the three alternatives considering the required bits for the same flexibility are same. For example, the number of different combinations of PUCCH resource and PUCCH repetition factor can be up to  when the new bit field size is 2. On the other hand, 32 combinations of PUCCH resource ID and repetition number can be indicated by the redefined PRI field if it is extended to 5 bits. Considering alternative 1 is more straightforward, we slightly prefer alternative 1 when PUCCH repetition factor is explicitly indicated by DCI. 
Observation 2: PUCCH repetition number can be explicitly derived by a new DCI bit field indicating the repetition number of the PUCCH.
[bookmark: _Ref69806978]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


Both options work for dynamic PUCCH repetition factor indication. For explicit ways, except for increased DCI overhead, RRC update is also needed. Besides, a new bit field cannot be introduced in the fallback DCI, which means only non-fallback DCI can be used in coverage limited scenarios in order to support dynamic PUCCH repetition indication. On the other hand, PRI field exists in all of the DCI formats which is friendly to achieve a unified solution for dynamic PUCCH repetition indication. 
One may argue that option 2 series can provide more flexibility compared to option 1 series. However, dynamic PUCCH repetition factor indication is an enhanced function for coverage limited scenario. The top priority is to guarantee the coverage of PUCCH, e.g. a conservative repetition number can be indicated. On the other hand, the number of configured PUCCH resources can be smaller than 8 which up to gNB.  From this perspective, the restriction on the available PUCCH resource coming with option 1 is acceptable. Hence, we propose to support implicit indication without DCI enhancement for dynamic PUCCH repetition factor indication.
Proposal 1: It is slightly preferred to use implicit method without DCI enhancement to support dynamic PUCCH repetition factor indication.
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, it is not necessary to apply dynamic repetition factor indication on semi-static UCI.
Proposal 2: It is not necessary to apply dynamic repetition factor indication on semi-static UCI.
2.2 DMRS bundling across PUCCH repetitions
	Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 
· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size


It has been agreed to support enabling PUCCH repetitions with DMRS bundling via RRC configuration in RAN1#104 e-meeting. Some remaining issues need to be further discussed. First of all, the quality of channel condition is common for all PUCCH formats. For example, if a UE is in the scene of deep fading, the performance of the PUCCH transmission would always be terrible no matter which PUCCH format is used. Hence, it is more reasonable to enable the DMRS bundling per UE other than per PUCCH resource. 
Proposal 3: DMRS bundling for PUCCH repetitions should be configured per UE.
Similar as joint channel estimation for PUSCH, the DMRS bundling duration/window may be determined via explicit configuration and/or implicit mechanism. In our opinion, additional signalling/configuration of DMRS bundling duration/window and associated size is not necessary if the bundling size is implicitly determined such as according to the PUCCH repetition number or TDD structure. In this case, only one DMRS bundling duration/window size can be implicitly determined. However, if the bundling size is explicitly configured, we propose to define multiple bundling windows subjecting to the various channel condition [3]. One of the defined windows can be configured/indicated by gNB. In this case, an additional signalling/configuration of DMRS bundling duration/window size is needed. 
Proposal 4: Whether an additional signalling/configuration of DMRS bundling duration/window size is needed or not depends on how to determine the bundling window.
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 granularity in time domain can be further studied for the PUCCH DMRS enhancement similar as PUSCH.
Proposal 5: Optimization of DMRS granularity in time domain can be considered for the PUCCH enhancement.
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 [4] and it is impossible to apply DMRS bundling between two hops. In order to further improve the PUCCH coverage, additional frequency hopping patterns should be introduced for frequency hopping case. Since it is expected to strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible, the hopping interval can be equal to the DMRS bundling window duration/size as proposed in our companion’s document [3]. An example for inter-slot frequency hopping with inter-slot bundling is shown in Figure 1. 


[bookmark: _Ref70604406][bookmark: _GoBack]Figure 1: Inter-slot frequency hopping pattern with bundling window size equal to 2
Proposal 6: Hopping interval of the enhanced inter-slot frequency hopping pattern can be equal to the DMRS bundling window duration/size.
3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following observations and proposals:
Observation 1: PUCCH repetition number can be implicitly indicated by PRI according to the separate repetition number configured for each PUCCH resource.
Observation 2: PUCCH repetition number can be explicitly derived by a new DCI bit field indicating the repetition number of the PUCCH.
Proposal 1: It is slightly preferred to use implicit method without DCI enhancement to support dynamic PUCCH repetition factor indication.
Proposal 2: It is not necessary to apply dynamic repetition factor indication on semi-static UCI.
Proposal 3: DMRS bundling for PUCCH repetitions should be configured per UE.
Proposal 4: Whether an additional signalling/configuration of DMRS bundling duration/window size is needed or not depends on how to determine the bundling window.
Proposal 5: Optimization of DMRS granularity in time domain can be considered for the PUCCH enhancement.
Proposal 6: Hopping interval of the enhanced inter-slot frequency hopping pattern can be equal to the DMRS bundling window duration/size.
4 References
1. [bookmark: _Ref68592758]Chairman's Notes RAN1#104-e, 3GPP TSG RAN WG1 Meeting #104-e, e-Meeting, January 25th – February 5th, 2021.
1. [bookmark: _Ref71393038]R1-2104168, Reply LS on PUCCH and PUSCH repetition, RAN4#98bis-e.
1. [bookmark: _Ref70580609]R1-2104539, Discussion on joint channel estimation for PUSCH, CATT, RAN1#104bis-e.
1. [bookmark: _Ref70600198]R4-1701863, Response to LS [1] on phase difference, Qualcomm, RAN4#82.
oleObject1.bin
slot n


slot n+1


slot n+2


slot n+3


PUCCH rep#1


PUCCH rep#2


PUCCH rep#3


PUCCH rep#4


DMRS bundling window


DMRS bundling window



image1.emf
slot n slot n+1 slot n+2 slot n+3

PUCCH rep#1 PUCCH rep#2

PUCCH rep#3 PUCCH rep#4

DMRS bundling window

DMRS bundling window


