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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]

Further, it was agreed in RAN1#103-e that [2]:
Agreement:
For DMRS bundling cross PUCCH or PUSCH repetitions, send an LS to RAN4 to ask the following 
· Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Power control tolerance level cross PUCCH or PUSCH repetitions


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 in general, RAN1 needs RAN4’s input on conditions to meet the phase continuity, we can investigate some of the scenarios that will result the loss of phase continuity, based on current NR specification. Before going to the details, we start with a discussion point that was brought up in the last RAN1 meeting. That is for DMRS bundling, whether repetition occasions should be consecutive, or UE may still keep the phase continuity even over non-consecutive repetitions. We note that this is a common problem between PUCCH with DMRS bundling and PUSCH with DMRS bundling. A similar discussion was hold previously in RAN1 under specification of short TTI and UL cancelation, and later within NR URLLC and ULCI signaling, where it is was understood that phase continuity will be lost after UE stops uplink transmission. Therefore, in a similar manner, non-consecutive uplink PUCCH (or PUSCH) repetitions will result a loss of phase continuity, and such a scenario should be avoided for a UE with a DMRS bundling.

Based on the above discussion, we have the following proposals:

Proposal 1: Joint channel estimation on the non-continuous UL slots is not supported. 

Proposal 2: For continuous UL slots, wait for RAN4’s feedback on the conditions. 
 
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. 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, and based on the argument mentioned above on having consecutive repetition occasions, 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 

If we just follow the current specification, 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: If DMRS bundling is supported, specify conditions under which a PUCCH with DMRS bundling overlapping in one (or more) occasions with a second PUCCH and yet UE is able to perform joint channel estimation across all repetitions.


Dynamic indication of PUCCH repetition number
Dynamic indication of number of PUSCH repetitions was specified in NR Rel-16 first for PUSCH repetition type-B, and then optionally for repetition type-A. For both type-A and type-B PUSCHs, dynamic repetition indication is through additional field in TDRA table. For PUCCH, dynamic indication of repetition number may benefit the system efficiency. The indication could be implicitly or explicitly through DCI. For a UE in need of coverage enhancement, an implicit indication of number of PUCCH repetitions can be for example the PUCCH repetition number is associated with the aggregation factor of the corresponding PDSCH.  

Proposal 5: Support implicit and/or explicit indication of number of PUCCH repetitions.

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: Joint channel estimation on the non-continuous UL slots is not supported. 

Proposal 2: For continuous UL slots, wait for RAN4 feedback on the conditions. 
 
Proposal 3: Specify the inter-slot frequency hopping pattern to enable the conjunction operation of repetition, frequency hopping and joint channel estimation.
 
Proposal 4: If DMRS bundling is supported, specify conditions under which a PUCCH with DMRS bundling overlapping in one (or more) occasions with a second PUCCH and yet UE is able to perform joint channel estimation across all repetitions.

Proposal 5: Support implicit and/or explicit indication of number of PUCCH repetitions.
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