3GPP TSG RAN WG1 #105-e		R1-2104379
e-Meeting, May 10th–May 27th, 2021

Source:	vivo
Title:	Discussion on PUCCH enhancements
Agenda Item:	8.8.2
Document for:	Discussion and Decision
1. Introduction
In RAN1 104-e meeting, several agreements about PUCCH have been achieved as follows:
	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 will further discuss the potential mechanisms of the PUCCH enhancement solutions based on these agreements.
1. Repetition number indication by PRI
Dynamic PUCCH repetition was considered as one of the PUCCH enhancement solutions, and the specific signaling mechanism was discussed in last meeting. 
In the two options provided, option 1 does not require any enhancement on DCI design. While in option 2, new DCI field or extension of existing fields is needed, and a larger DCI size will bring about degraded PDCCH performance. It means dynamic PUCCH repetition is supported at the expense of degraded PDCCH performance. Hence, dynamic PUCCH repetition indication using the existing field in DCI is preferred, and additional field or extension of existing field should be avoided.
In RRC connected state, the UE can be configured with 8 resources in a PUCCH resource set, and the PUCCH resources can be indicated through PRI in the scheduling DCI dynamically. Besides, if the PUCCH resource set is configured with more than 8 PUCCH resources, e.g. resources for UCI length , the index of the first CCE of PDCCH is used in conjunction with PRI to dynamically indicate PUCCH resource.
[image: ]
For UCI bit number , PUCCH format 0 and PUCCH format 1 is used, in which repetitions can be applied on PUCCH format 1. Hence, number of repetition numbers for PUCCH format 1can be derived implicitly based on starting CCE index of the PDCCH, together with PRI field.
[bookmark: OB1]Observation 1: The ‘PUCCH resource indicator’ field, starting CCE index of DCI, PDCCH aggregation level, etc. can be used to indicate repetition number.
To support more flexible PUCCH repetition, PUCCH repetition factor can be configured on PUCCH resource as follows. For example, network can configure a PUCCH resource#0 without repetition and PUCCH resource#1 with repetition, and both of these resources are configured with the same PUCCH format. According to TS 38.331, PUCCH resource Id is configured in PUCCH-Resource, and repetition factor can be configured for the PUCCH resource, e.g. a parameter, repetitionFactor can be optionally configured for each PUCCH resource. Thus, the network can explicitly indicate PUCCH repetition with PRI, and implicitly through starting CCE index, without additional DCI enhancements. In this case, dynamic PUCCH repetition can be well supported by enhancements on higher layer signaling, an example is provided as follows.
PUCCH-Resource-r17 ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    repetitionFactor                        ENUMERATED {n2,n4,n8}  OPTIONAL, -- Need R
	startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled } OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                 OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
Figure 1. Dynamic PUCCH repetition configuration
[bookmark: PRO1]Proposal 1: Option 1 is supported for dynamic indication of PUCCH repetition, and 
· PUCCH repetition factor is can be optionally configured for each PUCCH resource, and
· UE determines the number of PUCCH repetitions based on the PUCCH resource index, which is derived from PRI, and starting CCE index (for PUCCH format 1).
1. DMRS bundling for PUCCH repetitions
In RAN4 reply LS, conditions on UE keeping phase continuity across back to back PUCCH repetition or PUSCH transmission are provided. And in RAN1 reply LS [1], 5 use cases for PUCCH repetition are provided. For PUCCH repetitions, the following use cases (in both TDD and FDD bands) which are considered in RAN1. 
· Use case 1: back-to-back PUCCH repetitions within one slot.
· Use case 2: non-back-to-back PUCCH repetitions within one slot.
· Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
· Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 
· Use case 3: back-to-back PUCCH repetitions across consecutive slots.
· Use case 4: non-back-to-back PUCCH repetitions across consecutive slots.
· Use 4a: no uplink transmission in the middle of two PUCCH repetitions 
· Use 4b: other uplink transmissions in the middle of two PUCCH repetitions 
· Use case 5: PUCCH repetitions across non-consecutive slots.
· [bookmark: _Hlk69423511]Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
· Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions
Among the use cases, RAN1 suggest RAN4 to prioritize the study on use case 3, 4a, 4b, 5a, and 5b for PUCCH repetitions.
For PUCCH repetitions within a slot is not supported in Rel-16. If there are two PUCCHs in a slot, it should be one short PUCCH format and long PUCCH format, which are typically configured with different RB number, different UCI contents, and different UCI length, etc. Therefore, it would be difficult to perform joint channel estimation on these PUCCHs. Thus, use case 1 and use case 2 are not supported in Rel-16. In Rel-17, PUCCH repetitions within a slot are discussed in URLLC AI, which are not typical use cases for coverage enhancements. Hence, optimizations specifically for these two use cases should be avoided.
[bookmark: PRO2]Proposal 2: Optimizations specifically for use case 1 and use case 2 for DMRS bundling for PUCCH repetitions should be avoided.
For PUCCH transmissions other than repetitions, i.e., with different UCI contents, it is also difficult to perform joint channel estimation at NW. As pointed out by RAN4, the number of PRBs and transmission power should keep unchanged for the multiple transmissions. While for a PUCCH transmission, the number of UCI bits UE determined is variable, considering miss-detection of DCIs which requires HARQ-ACK feedback and UCI multiplexing. For different number of UCI bits, UE may select different PUCCH resources, with different frequency locations, formats, or still use the same PUCCH resource with a different number of RBs to achieve the target coding rate. Besides, the transmission power for a PUCCH is also determined based on the number of UCI bits in current power control mechanism. In this case, the conditions required for maintaining power consistency and phase continuity can hardly be met. Hence, DMRS bundling on PUCCH with different UCI should not be supported.
[bookmark: PRO3]Proposal 3: DMRS bundling for PUCCH transmission, other than PUCCH repetitions, is not supported.
As discussed in our companion contribution [2], DMRS bundling window for PUSCH transmissions can be determined explicitly through RRC/DCI, or implicitly derived by checking whether the conditions for DMRS bundling can be fulfilled. And, for inter-slot frequency hopping with DMRS bundling, the same mechanisms to determine the DMRS bundling window can be reused as in the case of inter-slot FH is not enabled.
The DMRS bundling window derived should exploit benefits of DMRS bundling as much as possible, especially in TDD band, with un-evenly distributed uplink slots. As shown in Figure 2, for DDDSUDDSUU frame structure, the frequency hopping interval, which can be the same as the length of the DMRS bundling window, could be changed across each frequency hop to take full advantage of DMRS bundling. We provided the simulation results for PUSCH repetitions in [2], and the simulation for PUCCH repetitions are also provided below. The simulation assumptions are provided in Appendix.
[image: ]
Figure 2. PUCCH frequency hopping with DMRS bundling for DDDSUDDSUU frame struct
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Figure 3. Performance of PUCCH frequency hopping with inter-slot bundling
As shown in Figure 3, the frequency hopping pattern with bundling over 2 slots has around 0.8dB gain compared with frequency hopping without DMRS bundling. Hence, the un-equal frequency hopping interval, for DMRS bundling with inter-slot frequency hopping, can bring about better performance for TDD spectrum with unevenly distributed UL slots.
[bookmark: OB2]Observation 2: Un-equal frequency hopping interval, for DMRS bundling with inter-slot frequency hopping, can bring about better performance for TDD spectrum with unevenly distributed UL slots.
As described in WID, similar mechanisms for joint channel estimation for PUSCH should also be applied to PUCCH repetitions as much as possible. Mechanisms for enabling DMRS bundling specifically for PUCCH repetitions should be avoided, unless issues are specifically justified.
[bookmark: PRO4]Proposal 4: Mechanisms for enabling DMRS bundling specifically for PUCCH repetitions should be avoided, unless issues specifically for PUCCH repetitions are justified.
1. Conclusion
In this contribution, we discuss the potential solutions for PUCCH coverage enhancement, and have the following observations and proposals: 
Observation 1: The ‘PUCCH resource indicator’ field, starting CCE index of DCI, PDCCH aggregation level, etc. can be used to indicate repetition number.
Observation 2: Un-equal frequency hopping interval, for DMRS bundling with inter-slot frequency hopping, can bring about better performance for TDD spectrum with unevenly distributed UL slots.
Proposal 1: Option 1 is supported for dynamic indication of PUCCH repetition, and 
· PUCCH repetition factor is can be optionally configured for each PUCCH resource, and
· UE determines the number of PUCCH repetitions based on the PUCCH resource index, which is derived from PRI, and starting CCE index (for PUCCH format 1).
Proposal 2: Optimizations specifically for use case 1 and use case 2 for DMRS bundling for PUCCH repetitions should be avoided.
Proposal 3: DMRS bundling for PUCCH transmission, other than PUCCH repetitions, is not supported.
Proposal 4: Mechanisms for enabling DMRS bundling specifically for PUCCH repetitions should be avoided, unless issues specifically for PUCCH repetitions are justified.
[bookmark: _GoBack]Appendix
Table 1 Evaluation assumption of inter-slot frequency hopping
	Carrier frequency
	4GHz

	Antenna pattern
	1T,2R

	Subcarrier spacing
	30KHz

	Simulation bandwidth
	20MHz

	Signal allocation
	3RB

	OFDM symbols
	14

	DMRS pattern
	4 DMRS symbols

	Payload size
	11bits

	Channel model
	TDL-C

	Delay spread
	100ns


Reference
1. R4-2103393, Reply on LS on PUCCH and PUSCH repetition, 3GPP TSG RAN WG4 #98-e
1. R1-2104378, Discussion on joint channel estimation for PUSCH, 3GPP TSG RAN WG1 #105-e
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