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In 3GPP RAN#90-e, a work item for Rel-17 NR coverage enhancements was approved. The objectives of Rel-17 coverage enhancement WI, is to specify solutions to enhance coverage for different uplink channels mainly PUSCH, PUCCH and Msg3 PUSCH, as it can be found below [1]:

· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· 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]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]


In this contribution, we present our views on potential techniques and required signalling to enhance NR coverage for PUCCH channel.

Coverage Enhancements for NR PUCCH 
DMRS bundling across PUCCH repetitions 

Joint channel processing across different PUCCH repetition occasions requires several conditions to be met, one of them is the phase continuity across different repetitions. While there are ongoing discussions between RAN1 and RAN4 to determine conditions under which UE may keep the phase continuity, the following agreement was made in RAN1# 104e [2]:

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 our view, the RRC indication to enable DMRS bundling, subject to UE capability, should be per PUCCH resource. Once enabled, it is not expected that UE keep phase out of a configured window for DMRS bundling or over consecutive opportunities for PUCCH repetitions per hop, whichever is smaller. In this way, the existing mechanism in DCI for dynamic indication of PUCCH resource via PRI is sufficient to give flexibility to scheduler to schedule a PUCCH with repetitions with (or without) DMRS bundling. Based on what we discussed, we have the following proposals:

Proposal 1: DMRS bundling for PUCCH repetitions, subject to UE capability, is enabled via RRC configuration per PUCCH resource.

Proposal 2: Subject to UE capability, if conditions of DMRS bundling for PUCCH repetitions is met, UE is not expected to keep phase out of consecutive opportunities for PUCCH repetitions per hop.
  

In current NR, once inter-slot PUCCH frequency hopping is configured, the hopping procedure is per slot. In other words, if there are more than 2 repetitions, every other repetition will be on the same frequency hop. It was agreed in RAN1 #104e that [2]:
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

In our view, given that the achievable gain due to DMRS bundling for a limited bundle-size is marginal, additional signaling for inter-slot frequency hopping with DMRS bundling is not well justified. For a UE indicated with inter-slot frequency hopping and also DMRS bundling, in order to benefit from both of DMRS bundling and frequency hopping, the first half of the repetitions should happen in the first hop and the second half of the repetitions on the second hop.          

Proposal 3: Specify the inter-slot frequency hopping pattern to enable the conjunction operation of repetition, frequency hopping and joint channel estimation.

In current NR specification, once PUCCH with repetition overlaps with another PUCCH, we have (38.213, 9.2.6):
· If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI:
· if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 

We should note than in current NR, all PUCCHs with repetitions are RRC indicated and there is no indication of DMRS bundling. If we just follow the current specification, we may end up two problems:
1. a PUCCH repetition occasion, dynamically indicated with repetition factor, within a bundle of repetitions may be dropped, if another overlapping PUCCH without dynamic indication of repetition number has a UCI type with a higher priority, as mentioned above. 
2. a PUCCH repetition occasion within a bundle of repetitions with DMRS bundling may be dropped, e.g. if another overlapping PUCCH has a UCI type with a higher priority, as mentioned above. Subsequently, the phase continuity will be lost for the first PUCCH with DMRS bundling.


Proposal 4: Specify conditions under which a PUCCH with dynamic indication of repetition number may overlap with another PUCCH repetitions without dynamic indication of repetitions.

Proposal 5: If DMRS bundling is supported, specify conditions under which phase continuity is kept for a PUCCH with DMRS bundling overlapping in one (or more) occasions with a second PUCCH without DMRS bundling.

In current NR, TPC command is applied per transmission occasion. If UE receives other DCIs, UE-specific or GC-DCI 2_2, in between different PUSCH/PUCCH repetitions, then different repetitions may have different transmit power. This leads to a phase dis-continuity. For PUCCH/PUSCH repetitions with DMRS bundling, one simple solution is to prevent any DCI indication with a new TPC within the bundle of repetitions. This approach is a bit restrictive, from both UE and gNB perspective.

Proposal 6: For a PUCCH (or PUSCH) repetition with DMRS bundling, only TPC indicated by a unicast DCI is applied, i.e. TPC on GC-DCI 2-2 is ignored. 

Proposal 7: Unicast DCI with a TPC command implicitly indicates that DMRS bundling is off, from the occasion that new TPC is applied.


Dynamic indication of PUCCH repetition number
Dynamic indication of repetition factor for PUCCH is discussed and it was agreed in RAN1 #104e to down-select from the following two options [2]:  
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

In our view, configuration of each PUCCH resource of format 1/3/4 can be associated with a RRC repetition factor. This means potentially there will be more PUCCH resources per resource set, e.g. some with repetition factor 2, 4, etc. In current specification, only the first PUCCH resource set (set0) may have more than 8 resources (up to 32 resources). We can either extend the existing mechanism for ResourceSetId = 0 to other resource sets to map 3bits in PRI to a PUCCH resource in a resource set with more than 8 resources in the set, or/and use MAC-CE signaling to refine which PUCCH recourses/ resource sets are selected. Further DCI can indicate PRI from the resources/sets already selected by MAC-CE. Based on the above discssion, we have the following proposals:

Proposal 8: For dedicated PUCCH-Config, configuration of each PUCCH resource of format 1/3/4 can be associated with a RRC repetition factor, where PRI with no bit-field extension indicates the PUCCH resource from the resources that are selected by MAC-CE indication and/or determined based on  and  in a CORESET of a PDCCH reception.
· FFS: indication of repetition factor for a FM1 PUCCH provided by pucch-ResourceCommon
 
Conclusions
In this contribution, we provided our thoughts on techniques NR coverage enhancement. Based on views shared in this paper, we make the following proposals:

Proposal 1: DMRS bundling for PUCCH repetitions, subject to UE capability, is enabled via RRC configuration per PUCCH resource.

Proposal 2: Subject to UE capability, if conditions of DMRS bundling for PUCCH repetitions is met, UE is not expected to keep phase out of consecutive opportunities for PUCCH repetitions per hop.

Proposal 3: Specify the inter-slot frequency hopping pattern to enable the conjunction operation of repetition, frequency hopping and joint channel estimation.

Proposal 4: Specify conditions under which a PUCCH with dynamic indication of repetition number may overlap with another PUCCH repetitions without dynamic indication of repetitions.

Proposal 5: If DMRS bundling is supported, specify conditions under which phase continuity is kept for a PUCCH with DMRS bundling overlapping in one (or more) occasions with a second PUCCH without DMRS bundling.

Proposal 6: For a PUCCH (or PUSCH) repetition with DMRS bundling, only TPC indicated by a unicast DCI is applied, i.e. TPC on GC-DCI 2-2 is ignored. 

Proposal 7: Unicast DCI with a TPC command implicitly indicates that DMRS bundling is off, from the occasion that new TPC is applied.

Proposal 8: For dedicated PUCCH-Config, configuration of each PUCCH resource of format 1/3/4 can be associated with a RRC repetition factor, where PRI with no bit-field extension indicates the PUCCH resource from the resources that are selected by MAC-CE indication and/or determined based on  and  in a CORESET of a PDCCH reception.
· FFS: indication of repetition factor for a FM1 PUCCH provided by pucch-ResourceCommon
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