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1. Introduction
[bookmark: _Hlk48920876]In previous RAN 90e-meetings, NR coverage enhancements work item is agreed, and the scope of this WI is given by [1]. At RAN1#103 e-meeting, the last meeting of study item phase, some potential solutions for PUCCH coverage enhancement were agreed and can be seemed as a start reference point:
Agreements:
For dynamic PUCCH repetition factor indication, capture the following in the TR
Potential Spec impact: 
· a new PUCCH repetition signalling mechanism needs to be specified
Impact to receiver: None
Impact to UE implementation: 
· Need implement transmissions of the PUCCH repetitions based on the dynamic indicator
[Impact to system]
· [FFS the impact to system]
Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Potential Spec impact: 
· Restrictions to guarantee phase coherency cross repetitions need to be specified
· UE behaviour needs to be defined if the phase coherency of PUCCH repetition is impacted by other procedures
· DMRS bundling with inter-slot frequency hopping pattern enhancement need to be specified, if the frequency hopping enhancement is agreed. 
Agreements:
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

Agreements: 
For DMRS bundling cross PUCCH repetitions, capture the following in the TR Restriction of the scheme: 
· Phase coherency cross PUCCH repetitions is required
· The same frequency resource allocation cross PUCCH repetitions is required
· The same power cross PUCCH repetitions is required
Agreements:
 For DMRS bundling cross PUCCH repetitions, capture the following in the TR
· New channel estimator needs to be implemented at receiver to process DMRS across multiple repetitions
· Same phase and transmission power need to be maintained at UE cross PUCCH repetitions
· [Maintaining phase coherence across slots requires UE to alter how slot boundaries events (such as timing or power adjustments) are handled]
Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Impact to system
· gNB needs to maintain phase coherence across slots. gNB cannot switch beamformers or make any RF adjustments across multiple slots. 
· UE needs to maintain phase coherence across multiple slots. UE-side adjustments for timing and frequency will have to be postponed to a later slot. UE may not have the best timing and frequency settings for multiple uplink slots.
In this contribution, some key issues about PUCCH coverage enhancement are further analyzed, including dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions.
1. Discussion
2.1 Dynamic PUCCH repetition factor indication
In Rel-15/16, slot-based PUCCH repetition is supported for PUCCH format 1/3/4 for coverage enhancement. But the number of PUCCH repetitions is configured semi-statically through RRC signal nrofSlots and gNB cannot dynamically change the PUCCH repetition number for a PUCCH format based on the link quality. Dynamic indication of PUCCH repetition factor was proposed in R17 to improve PUCCH coverage. And implicitly or explicitly dynamic indication of PUCCH repetition factor can be considered and adopted. 
Proposal1: Implicitly or explicitly dynamic indication of PUCCH repetition factor should be considered.
For explicit indication of PUCCH repetition factor, a straightforward way is to introduce PUCCH repetition factor field in DL scheduling DCI, which needs 3 bits to represent when the max repetition factor equal 8 and will increase the DCI overhead. If this straightforward way is adopted, some compress methods can be considered to save DCI overhead.
Another way for explicit indication without increasing the DCI overhead is to reuse existing fields in DL scheduling DCI. For example, the 2bits power control fields of PUCCH in DCI 1_0/1_1/1_2 can be reused for the PUCCH repetition factor indication. Because PUCCH repetition schemes are mainly applicable for coverage enhancement for cell-edge users who already configured with full transmit power. Specifically, the PUCCH repetition factor can be compressed by taking the logarithm base 2 and then it is just enough to reuse 2bits power control fields or using this 2bits power control fields to indicate a scale factor of repetition factor nrofSlots. In above reusing mechanisms, some signalling or triggering mechanism also needs to be designed for identifying whether some existing field in DCI is reused. Most common solution is to introduce a new RRC signalling or triggered by RRC parameter nrofSlots.
Proposal2: For explicitly dynamic indication of PUCCH repetition factor in RRC connected state, some existing fields in DL DCI can be reused in order to save the DL DCI overhead.
Implicit indication is also popular in saving DCI overhead. In RRC connected state, the UE can be configured with at most 4 PUCCH resource sets and each resources set includes 8 resources (the first PUCCH resource set can includes at most 32 resources) and then specific PUCCH resource can be indicated through PRI in the DL scheduling DCI dynamically. 
A straightforward way is adding repetition factor information for each PUCCH resource in each PUCCH resource set, that is, repetition factor is bundling with each PUCCH resource configuration. Then when specific PUCCH resource is indicated by PRI, the corresponding repetition factor for this PUCCH resource is also be determined. This method is simple but will increase the complexity of PUCCH resource configuration and repetition number can only be changed with PUCCH resource.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Another example is implicitly indicate dynamic PUCCH repetition through PRI. PRI fields in DCI contains 3 bits. For example, the first bit in PRI can indicate whether to enable or disable PUCCH repetition, remaining 2 bits indicates the number of repetition. Another example is the first bit in PRI can indicate whether to enlarge or reduce the PUCCH repetition factor nrofSlots, remaining 2 bits indicates the scale factor. However, because PRI needs to indicate the specific PUCCH resource, implicitly indication of PUCCH repetition through PRI is restrictive in current mechanism.
Proposal3: Implicit dynamic PUCCH repetition should be supported, such as bundling with PUCCH resource configuration mechanism or indication through PRI.
Except for above RRC connected scenarios, PUCCH resource sets cannot be configured by signalling before RRC established. In this case, PUCCH resource set is predefined and only used for feedback response information, that is, it is only composed of PUCCH format 0 and PUCCH format 1.The base station uses SIB1 to configure a common set of PUCCH resources for all RRC pre-established UEs and the dynamic repetition factor for PUCCH at this time can be configured in SIB1 simultaneously.
Proposal4: Before RRC connection is established, dynamic repetition factor for PUCCH can be indicated in SIB1.
2.2 DMRS bundling across PUCCH repetitions
The coverage performance affects quality of channel estimation. Joint channel estimation at the receiver can improve the channel estimation performance. To facilitate the joint channel estimation, DMRS bundling across PUCCH repetitions should be supported. As the same principle of cross-slot channel estimation solution for PUSCH coverage enhancement, frequency location during the PUCCH repetitions needs to remain the same in order to allow DMRS interpolation for channel estimation. So DMRS bundling should be jointly considered with frequency hopping.
In R15/R16, only slot-based repetition for long format PUCCH is supported, that is only one long PUCCH repetition existed in per slot. Intra-slot hopping is supported in existing standard and enabled by RRC signal intraSlotFrequencyHopping. In our point, if intra slot hopping is supported, PUCCH repetition segmentation and DMRS orphan symbol issues will occur frequently in one slot and some actual repetitions may even not contain DMRS symbol. Frequency resource for each repetition within the same slot is different, which blocks the implementation of joint channel estimation.
Proposal 5: Intra slot hopping should be disabled for supporting DMRS bundling across PUCCH repetitions.
[bookmark: _GoBack]As for inter-slot frequency hopping supported in Rel-15, when it is enabled, UE transmits the PUCCH in one frequency resource in one slot and switches to another frequency resource in the next available slot. To facilitate the DMRS bundling cross PUCCH for joint channel estimation, frequency location during the PUCCH repetitions need to remain the same across continuous multiple slots. Thus, inter-slot frequency hopping pattern may need to be further enhanced for PUCCH coverage enhancement. 
Proposal 6: Inter-slot frequency hopping pattern may need to be further enhanced for PUCCH coverage enhancement.
It can be observed that ~0.9dB performance gain with a fixed window size of 4 slots for PUSCH cross-slot channel estimation can be achieved in [5]. There should also be some gain for PUCCH and the most appropriate bundling granularity or window size of PUCCH can be obtained through simulations. Different from PUSCH, bundling granularity or window size should be configured based on the PUCCH format. 
Proposal 7: Different bundling granularity or window size should be configured based on the PUCCH format 
Many factors will affect the performance of DMRS binding and joint channel estimation, such as the density of DMRS in each repetition, UE moving state, link quality and so on. Thus, we think fixed window size or fixed bundling size for each PUCCH format may not be best. Dynamic DMRS bundling configuration should be supported and it is similar to dynamic PUCCH repetition factor indication, both providing gNB with substantial flexibility. 
Proposal 8: Dynamic bundling granularity configuration for a PUCCH format should be supported.
1. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH coverage enhancement in WID. Based on the discussion we made following proposals:
Proposal1: Implicitly or explicitly dynamic indication of PUCCH repetition factor should be considered.
Proposal2: For explicitly dynamic indication of PUCCH repetition factor in RRC connected state, some existing fields in DL DCI can be reused in order to save the DL DCI overhead.
Proposal3: Implicit dynamic PUCCH repetition should be supported, such as bundling with PUCCH resource configuration mechanism or indication through PRI.
Proposal4: Before RRC connection is established, dynamic repetition factor for PUCCH can be indicated in SIB1.
Proposal 5: Intra slot hopping should be disabled for supporting DMRS bundling across PUCCH repetitions.
Proposal 6: Inter-slot frequency hopping pattern may need to be further enhanced for PUCCH coverage enhancement.
Proposal 7: Different bundling granularity or window size should be configured based on the PUCCH format 
Proposal 8: Dynamic bundling granularity configuration for a PUCCH format should be supported.
References
[1] RP-202928, “New WID on NR coverage enhancement”, TSG-RAN#90e, electronic meeting, Dec 7-11, 2020.
[2] 3GPP TSG RAN WG1 Meeting#103-e, “Chairman’s notes RAN1#103-e final”, October 26th – November 13th, 2020.
[3] R1-2007744, “Discussion on potential techniques for PUCCH coverage enhancements”, ZTE
[4] R1-2007955, “On potential techniques for PUCCH coverage enhancement”, Intel Corporation
[5] R1-2005889, “Discussion on potential techniques for PUSCH coverage enhancement“，Intel Corporation

