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1. Introduction
RAN 90-e approved CE WI with the following objectives of PUCCH enhancement:
· 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]
In this contribution, we will discuss the potential mechanisms of the two PUCCH enhancement solutions on the PUCCH techniques.
1. Discussion on dynamic repetition indication
Dynamic PUCCH repetition was considered as one of the PUCCH enhancement solutions, and the specific signaling mechanism need to be further discussed. 
For explicit indication of PUCCH repetition, introducing PUCCH repetition factor field in DL scheduling DCI is a straightforward method. Since a larger DCI size in existing field will bring about degraded PDCCH performance, a new field in DCI to indicate dynamic indication will increase signaling overhead, which should be avoided in the signaling mechanism design. Hence, dynamic PUCCH repetition is preferred to be indicated reusing the existing field in DCI. Additional field to DCI format 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. To some extent, dynamic PUCCH repetition has been supported by indicating the PUCCH resources through PRI. For example, PUCCH format 3 can be configured without PUCCH repetition and PUCCH format 4 can be configured with 2 repetitions, gNB can dynamically enable and disable PUCCH repetition through PRI. However, considering the fact that only PF3 and PF4 supports PUCCH repetition with UCI bits greater than 2, and the PUCCH repetition is configured on PUCCH format level, dynamic indication of PUCCH repetition through PRI is quite restrictive in current specification.
[bookmark: OB2]Observation 1: In current specification, the PUCCH repetition is configured on PUCCH format, and it makes dynamical indication of PUCCH repetition through PRI quite restrictive.
To support more flexible PUCCH repetition, PUCCH repetition factor can be configured on PUCCH resource instead of configured on PUCCH format. 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 new IE, repetitionFactor can be optionally configured for each PUCCH resource. Thus, the network can explicitly indicate PUCCH repetition with PRI without additional DCI filed. In this case, dynamic PUCCH repetition can be well supported by higher layer signaling design, 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: The PUCCH repetition can be configured on PUCCH resource instead of PUCCH format, and the explicit indication of PUCCH repetition can be realized by indication of PUCCH resource with different repetition number through PRI.
1. Consideration on DMRS bundling cross PUCCH repetitions
In RAN 90-e meeting, DMRS bundling across PUCCH repetitions is endorsed as another PUCCH enhancement solution, and the details to support PUCCH DMRS bundling is discussed in this section.
2.1. Condition on phase continuity
To implement joint channel estimation at gNB, phase continuity across the PUCCH transmission occasions should be ensured at UE first. It is known that if the transmission power is changed in a certain time duration, which may break the phase continuity. Besides, if there is a large time gap between UL transmission occasions, phase continuity may also difficult to be ensured even though under a constant transmission power. Meanwhile, precoder and spatial Tx filter settings also have impacts on signal phase continuity. 
To maintain the phase coherency for PUCCH repetitions, some UE behaviors may be changed compared with a Rel-16 UE. For example, UE may adjust TA, Tx precoder/spatial filter change and apply updated measured pathloss in any of PUCCH repetition by UE implementation in Rel-16, and gNB is expected to use separate channel estimation on each PUCCH repetition, since phase continuity is not required. However, there would be some restrictions on UE implementations if UE is required to ensure phase continuity in certain duration, in which TA adjustment, Tx precoder/spatial filter change and applying updated measured pathloss should be avoided.
[bookmark: OB3]Observation 2: Some UE behaviors should be avoided to ensure phase continuity in certain duration for PUCCH repetition. The behaviors may include the following
· TA adjustment;
· Tx precoder/spatial filter change;
· Applying updated measured pathloss.
If joint channel estimation over all repetitions is enabled at gNB, the detection could not proceed until the last DMRS symbol is received. Hence, the processing latency would be increased and larger buffer size is required at receivers. Besides, in fading channel with high doppler spread, applying joint channel estimation to UL transmissions with long duration would not bring in obvious performance gain, even leading to degraded performance. Therefore, NW may indicate UE the time granularity for PUCCH DMRS bundling, which may reflect the gNB receiver settings in terms of time granularity to perform joint channel estimation. On the other hand, keep UL transmission with phase continuity and power consistency in the duration should be a kind of UE capability. And the UE capability in terms of duration, for which phase continuity is maintained, maybe limited. Thus, it is reasonable for UEs to report the capability to the network for better configuration.
[bookmark: PRO2]Proposal 2: UE can report capability on whether UE can ensure phase continuity for UL transmission across multiple occasions, and how long UE can maintain the phase continuity.
2.2. DMRS bundling (phase continuity) impacted by other transmissions/procedures
Consecutive PUCCH transmissions can be interrupted by dynamic SFI or cancellation indications, higher priority transmissions in current mechanism. Thus, phase continuity and power consistency to enable joint channel estimation cannot be ensured. Besides, UE transmit power may be impacted by other procedures. For example, if UE is configured with CA and indicated to transmit PUCCH repetition transmission coherently in the first serving cell, and UE is indicated to transmit on a second serving cell which starts during the PUCCH repetition transmission, UE may need to adjust transmission power on the first serving cell, which may break the phase continuity and power consistency. In above cases, the time duration for DMRS bundling transmission will be reduced compared with that without interruptions, as illustrated in Figure 2.

(a) Contiguous transmissions interrupted by SFI/CI/other transmission

(b) Tx power change due to transmission on another serving cell
Figure 2. DMRS bundling impacted by other transmissions/procedures
In these cases, the UE behavior should be clarified if phase continuity can not be ensured within the duration for PUCCH repetitions with DMRS bundling. Whether and how to ensure phase continuity in these cases should be discussed. 
[bookmark: PRO3]Proposal 3: PUCCH repetitions with DMRS bundling may be interrupted by other transmissions/procedures, and whether and how to ensure phase continuity in these cases should be further studied. The interruptions can be caused in the following cases
· PUCCH transmissions is cancelled by SFI, CI or higher priority transmissions,
· UL transmission in another serving cell, when intra band CA is configured.
2.3. DMRS bundling size
The time domain DMRS bundling size can be configured by RRC signaling. As shown in Figure 3, the DMRS bundling size can be set to 2 slots for PUCCH with 4 repetitions. However, the time duration for DMRS bundling should also take the frame structure into consideration. For example, in TDD spectrum with DDDSUDDSUU frame structure, if time domain granularity of DMRS bundling is set to 2 slots, 2 consecutive slots are not available in the first half of the frame, while they are available in the second half of the frame. In this case, the granularity of DMRS bundling should take the available slots into consideration. As shown in Figure 4, bundling size is 1 and 2 slot(s) in first half of the frame and second half of the frame, respectively. In this case, benefit from DMRS bundling can be obtained when applicable.


Figure 3. DMRS bundling on 2 consecutive slots



Figure 4. DMRS bundling on TDD frame structure DDDSUDDSUU
[bookmark: PRO4]Proposal 4: DMRS bundling size can be determined implicitly, and frame structure should be considered for DMRS bundling size determination in TDD spectrum.
2.4. Inter-slot frequency hopping with inter-slot bundling
As discussed in [1], DMRS bundling with inter-slot frequency hopping for PUSCH is considered for PUSCH repetition, and it can also be applied to PUCCH repetition, to achieve both performance gain from DMRS bundling and frequency selectivity of the fading channel. We evaluated the performance of DMRS bundling with inter-slot frequency hopping for PUCCH. The frequency hopping pattern and performance of each scheme are shown in Figure 5(a) and Figure 5(b), respectively.
 [image: ]
(a) Frequency hopping pattern         (b) BLER performance
Figure 5. performance of inter-slot frequency hopping w/ or w/o DMRS bundling
As shown in above figure, inter-slot frequency hopping with DMRS bundling can obtain better performance compared with other schemes for PUCCH repetition, about 2dB performance gain is observed. Besides, the hopping pattern with joint channel estimation (pattern 4) has about 0.5dB gain than without joint channel estimation (pattern 3). Hence, inter-slot frequency hopping with DMRS bundling can also be considered for PUCCH repetition.
[bookmark: PRO5]Proposal 5: Inter-slot frequency hopping with DMRS bundling can be considered for PUCCH repetition.
When Inter-slot frequency hopping with DMRS bundling is enabled, the frequency hopping granularity can be implicitly determined, e.g. same as the DMRS bundling size. Similar to the cases discussed in section 3.3, the frequency hopping granularity does not need to be the same for each transmission occasion. As shown in Figure 6, for frame structure DDDSUDDSUU, frequency hopping granularity is 1 and 2 slot(s) in first half of frame and second half of the frame, respectively. 

Figure 6. PUCCH frequency hopping granularity for DDDSUDDSUU frame structure
[bookmark: PRO6]Proposal 6: Frequency hopping granularity for PUCCH repetition can be the same as DMRS bundling size, which can also be determined implicitly taking the frame structure into consideration.
1. Conclusion
In this contribution, we discuss the potential solutions for PUCCH coverage enhancement, and have the following observations and proposals: 
Observation 1: In current specification, the PUCCH repetition is configured on PUCCH format, and it makes dynamical indication of PUCCH repetition through PRI quite restrictive.
Observation 2: Some UE behaviors should be avoided to ensure phase continuity in certain duration for PUCCH repetition. The behaviors may include the following
· TA adjustment;
· Tx precoder/spatial filter change;
· Applying updated measured pathloss.
Proposal 1: The PUCCH repetition can be configured on PUCCH resource instead of PUCCH format, and the explicit indication of PUCCH repetition can be realized by indication of PUCCH resource with different repetition number through PRI.
Proposal 2: UE can report capability on whether UE can ensure phase continuity for UL transmission across multiple occasions, and how long UE can maintain the phase continuity.
Proposal 3: PUCCH repetitions with DMRS bundling may be interrupted by other transmissions/procedures, and whether and how to ensure phase continuity in these cases should be further studied. The interruptions can be caused in the following cases
· PUCCH transmissions is cancelled by SFI, CI or higher priority transmissions,
· UL transmission in another serving cell, when intra band CA is configured.
Proposal 4: DMRS bundling size can be determined implicitly, and frame structure should be considered for DMRS bundling size determination in TDD spectrum.
Proposal 5: Inter-slot frequency hopping with DMRS bundling can be considered for PUCCH repetition.
Proposal 6: Frequency hopping granularity for PUCCH repetition can be the same as DMRS bundling size, which can also be determined implicitly taking the frame structure into consideration.
Appendix
Table 1 Evaluation assumption of inter-slot frequency hopping
	Carrier frequency
	4GHz

	Antenna pattern
	1X2

	Subcarrier spacing
	30KHz

	Bandwidth
	3RB

	OFDM symbols
	14

	DMRS pattern
	2 DMRS symbols

	Payload size
	11bits

	Channel model
	TDL-C

	Delay spread
	300ns
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