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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e [1], several issues for PUCCH coverage enhancement have been discussed, and following agreements have been made:
	Agreement:
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.
Agreement:
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.
Agreement:
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, the PUCCH repetition factor indication, inter-slot frequency hopping pattern enhancement, and signaling to enable DMRS bundling across PUCCH repetitions are discussed.
2. Discussion on PUCCH coverage enhancement
2.1 PUCCH repetition factor indication
In RAN1#104-e [1], two options for repetition factor indication are agreed. The Option 1 is that the PUCCH repetition factor is implicitly indicated by DCI, just like PRI. For this method, PUCCH resource and the PUCCH repetition number are grouped together, and the existing field like PRI are utilized to indicate the whole group. While for the Option 2, PUCCH repetition factor is explicitly indicated by DCI, in which the PUCCH repetition number is independently indicated by DCI.
Under a fixed overhead, grouping a PUCCH resource with a PUCCH repetition number together, and indicating the group by DCI field can be more flexible than indicating PUCCH resource and PUCCH repetition number independently. Taking the payload size of 4 bits as an example, the first method is that 2 bits for PUCCH resources, and another 2 bits for PUCCH repetition number N. While the second method is that the 4 bits is for the group of PUCCH resource and PUCCH repetition number N. For the simplicity, we denote the group as (PUCCH resource, PUCCH repetition number). For the first method, gNB can indicate 4 different PUCCH resources, i.e. PUCCH1, PUCCH2, PUCCH3, and PUCCH4. And also, gNB can indicate 4 PUCCH repetition numbers, i.e. N1, N2, N3, N4. The maximum number of PUCCH resources and PUCCH repetition numbers are both 4. For a specific resource, like PUCCH1, only 4 PUCCH repetition numbers can be provided. But for the second method, 4 bits payload can indicate 16 PUCCH resource and repetition number groups. For each group, the PUCCH resource and PUCCH repetition number is configured by gNB, and gNB can configure each group based on demand. As an example, gNB can configure the same PUCCH resource with 16 different repetition numbers, i.e. (PUCCH1, N1), (PUCCH1, N2), …, (PUCCH1, N16). And also, gNB could configure 16 different PUCCH resources with the same repetition number, i.e. (PUCCH1, N1), (PUCCH2, N1), (PUCCH3, N1), …, (PUCCH16, N1). In a word, gNB can configure each group based on the requirement. Then, the second method can provide more flexible than the first one.
Moreover, to achieve a certain coverage, a particular PUCCH resource should be linked to a particular PUCCH repetition. A PUCCH resource with 14 OS, of which the repetition number would be shorter compared with a PUCCH resource with 5OS for a certain coverage situation. As an example, a PUCCH resource with 14 OS should be configured with 4 repetitions, while the PUCCH resource with 5 OS should be configured with 8 repetitions.
Observation1: Option 1 (configuration of PUCCH repetition factor per PUCCH resource) can provide more flexibility than Option 2 (PUCCH repetition factor is explicitly indicated by DCI).
To enable the dynamic indication of PUCCH repetition factor, either new or existing DCI field can be used. However, by adding a new DCI field, a larger DCI payload size is required and it will complicate the PDCCH detection. Meanwhile, because it is more flexible for the group indication of PUCCH repetition and PUCCH resources, it is more straightforward to utilize the PUCCH resource indicator (PRI). As an example, shown in Table I, the PUCCH Resource 1 is tied to repetition number 3, PUCCH Resource 2 is tied to repetition number 1, and PUCCH Resource 3 is tied to repetition number 4. Then, gNB can select a proper PUCCH resource as well as the repetition number by PRI. gNB can configure each row in the table based on the current requirement.
Table 1: Example of PUCCH repetition number indication
	Index
	PUCCH resource
	Repetition Number

	0
	PUCCH Resource 1
	3

	1
	PUCCH Resource 2
	1

	2
	PUCCH Resource 3
	4


Proposal 1: Support dynamic indication of PUCCH repetition number, and the existing field is preferred to reduce overhead, and provide more flexibility.
2.2 DMRS bundling across PUCCH repetitions
2.2.1 Inter-slot frequency hopping pattern enhancement
In Rel-15/16, the inter-slot frequency hopping has been supported to achieve diversity gain for PUCCH repetitions. The frequency hopping pattern for four PUCCH repetitions is shown in the left side of Fig. 1, where the frequency domain resource is hopped across each slot. This frequency hopping pattern, however, cannot support joint channel estimation because the prerequisites of DMRS bundling cannot be met across adjacent slots, such as phase continuity, power consistency, etc. A new inter-slot frequency hopping pattern is thus required.
To support the joint channel estimation and strive for a common design for PUSCH with DMRS bundling, an inter-slot bundling with the same frequency domain resource is proposed. The derived inter-slot frequency hopping pattern with inter-slot bundling for four PUCCH repetitions is illustrated in the right side of Fig. 1, where the slots are bundled within a granularity of two slots, and the frequency domain resources are the same within one inter-slot bundling but hopped across different inter-slot bundling. The prerequisite of DMRS bundling can then be met if the DMRS within an inter-slot bundling are bundled together. And the derived inter-slot frequency hopping pattern can thus support the joint channel estimation to improve the PUCCH coverage performance.
The enhanced inter-slot frequency hopping pattern for 8 PUCCH repetitions is then shown in Fig. 2. There are two kinds of patterns in this case; the first one bundles the slots and DMRS within a granularity of two slots, as shown in Fig. 2(a), and the second one bundles the slots and DMRS within a granularity of four slots, as shown in Fig. 2(b). The former achieves more diversity gain, and the latter achieves more DMRS bundling gain.
[image: ]
Fig. 1 Inter-slot frequency hopping pattern with inter-slot bundling for 4 PUCCH repetitions.
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(b)
Fig. 2 Inter-slot frequency hopping pattern with inter-slot bundling for 8 PUCCH repetitions; (a) slots are bundled within a granularity of two slots; (b) slots are bundled within a granularity of four slots
Proposal 2: Inter-slot frequency hopping pattern with inter-slot bundling can be considered for the inter-slot frequency hopping pattern enhancement.

2.2.2 Signaling to enable DMRS bundling across PUCCH repetitions
In RAN1#104-e [1], the PUCCH repetitions with DMRS bundling enabled via RRC configuration is supported, and the design of signaling for DMRS bundling should be further discussed. The first issue is whether the RRC signaling to enable PUCCH repetitions with DMRS bundling is per UE configuration or per PUCCH resource configuration.
The straightforward method is to configure the DMRS bundling per UE, given that the DMRS bundling is only used for the UE which is suffered from the coverage shortage, regardless of which PUCCH resource is indicated. The DMRS bundling configured per PUCCH is thus not necessary. In RAN1#104-e [1], some companies concern that enabling DMRS bundling for all resources may be not feasible because frequency hopping is configured per PUCCH resource and it may not support the DMRS bundling for certain PUCCH resources. In our understanding, the error cases may include the PUCCH resource with PUCCH format 0/2 and the PUCCH resource with enabled intra-slot frequency hopping. This issue can be resolved by scheduler or limit the applicability scope of signaling, as follows:
· Option 1: It is not expected that DMRS bundling per UE is configured meanwhile PUCCH resource with PUCCH format 0/2 or enabled intra-slot frequency hopping is indicated
· Option 2: DMRS bundling is disabled even though DMRS bundling per UE is configured, if PUCCH resource with PUCCH format 0/2 or enabled intra-slot frequency hopping is indicated.
Proposal 3: For enabling PUCCH repetition with DMRS bundling, the configuration is per UE.

The second issue is whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling. The only advantage of dynamic signaling is that the DMRS bundling for PUCCH repetitions can be turned on or turned off rapidly. In our understanding, there is no strong motivation or necessary scenario that DMRS bundling for PUCCH repetitions should be switched rapidly, and it will complicate UE implementation. Hence, the dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.
Proposal 4: The additional dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.

The last issue is the necessity of additional signaling/configuration of DMRS bundling duration/window and associated size. From RAN4 [2][3], the prerequisites of DMRS bundling for both of PUCCH and PUSCH repetitions are the same. It derives that a common design for both PUCCH and PUSCH is feasible and reasonable. In 8.8.1.3, the signaling/configuration of DMRS bundling duration/window and associated size for PUSCH repetition is under discussion. Its discussion results can then be reused for PUCCH coverage enhancement.
Proposal 5: A common design for both PUCCH and PUSCH is supported, regarding to the signaling/configuration of DMRS bundling duration/window and associated size.

3. Conclusions
In this contribution, we provide overview on possible RAN1 specification impact on PUCCH coverage enhancement with following proposals:
Observation1: Option 1 (configuration of PUCCH repetition factor per PUCCH resource) can provide more flexibility than Option 2 (PUCCH repetition factor is explicitly indicated by DCI).

Proposal 1: Support dynamic indication of PUCCH repetition number, and the existing field is preferred to reduce overhead, and provide more flexibility.
Proposal 2: Inter-slot frequency hopping pattern with inter-slot bundling can be considered for the inter-slot frequency hopping pattern enhancement.
Proposal 3: For enabling PUCCH repetition with DMRS bundling, the configuration is per UE.
Proposal 4: The additional dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.
Proposal 5: A common design for both PUCCH and PUSCH is supported, regarding to the signaling/configuration of DMRS bundling duration/window and associated size.
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