3GPP TSG RAN WG1 #103-e
R1-2007995
e-Meeting, October 26th – November 13th, 2020
Agenda item:

8.8.2.2
Source:
China Telecom
Title:
Discussion on PUCCH coverage enhancements
Document for:

Discussion
1      Introduction
In RAN1 #102 e-meeting, potential solutions for PUCCH coverage enhancement were discussed and the following agreement was achieved:

	Agreements:

Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, prioritize the study of the following schemes for PUCCH coverage enhancement,
· DMRS-less PUCCH
· FFS: design detail for DMRS-less PUCCH, e.g., sequence based PUCCH transmission, v.s. reuse Rel-15 scheme to transmit UCI without DMRS
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits. 

· (Explicit or implicit) Dynamic PUCCH repetition factor indication

· DMRS bundling cross PUCCH repetitions

· Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits

Note 1: other schemes are not excluded. 
Note 2: the study on DMRS bundling for PUCCH repetition can be a joint study with DMRS bundling for PUSCH repetition studied under 8.8.2.1.

Note 3: Companies are invited to report details of the receivers used in the evaluation. Advanced receiver can be included (not mandatory) in performance evaluations. Performance and receiver complexity are discussed respect to a baseline Rel-15/16 PUCCH scheme. 
Note 4: proposed PUCCH repetitions scheme shall account for the resources used by PUSCH to meet the throughput target and should be compared against Rel-15/16 PUCCH repetition framework. 

[Note 5: enhancement on one or more PUCCH formats/UCI types may or may not be needed, depends on the outcome of sub-agenda 8.8.1]


According to the above agreement, 4 schemes are prioritized, including DMRS-less PUCCH, Rel-16 PUSCH-repetition-Type-B like PUCCH repetition, dynamic PUCCH repetition factor indication and DMRS bundling cross PUCCH repetitions. In this contribution, potential specification impacts of these PUCCH enhancement solutions are analysed.

2      Discussion
· DMRS-less PUCCH

In Rel-16, only PUCCH format 0 is sequence-based while other PUCCH formats are DMRS-based. For sequence-based PUCCH, the information carried by UCI is presented by a specific sequence. A sequence pool with 2^M sequences can transmit M bits information by each sequence, receiver can utilize sequence detection to obtain the UCI (non-coherent transmission). For DMRS-based PUCCH, UCI is encoded and multiplexed with DMRS before transmission, and receiver utilizes DMRS to do channel estimation and then decoded the corresponding UCI (coherent transmission).
It is know that, coherent transmission has a better performance in high SNR region; while non-coherent transmission has a better performance in low SNR region. Thus, for coverage enhancement issues, non-coherent transmission may have some advantages. If sequence-based PUCCH is introduced to transmit more than 2 bits, the potential specification impact may include:
1. New PUCCH format, including sequence generation, frequency domain and time domain resource allocation.
2. PUCCH related RRC configuration.

3. UE behaviour, when and how to use the new defined PUCCH format.

Observation 1: If DMRS-less PUCCH is considered, the following specification impact should be discussed: New PUCCH format (sequence generation, frequency domain and time domain resource allocation), PUCCH related RRC configuration, UE procedure for reporting UCI utilizing the newly defined PUCCH format.
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition 
For Rel-16 PUSCH-repetition-Type-B like PUCCH repetition (noted as “PUCCH repetition Type B” for simplicity), more flexible for gNB scheduling as well as more available symbols can be used for PUCCH transmission, the advantages are similar as the introducing of PUSCH repetition type B. 

In current specification, for PUCCH repetition, UE repeats the PUCCH transmission with the UCI over k slots and a PUCCH transmission in each slot has a same number of consecutive symbols, a same first symbol. Moreover, for frequency hopping, UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot.
For PUCCH repetition Type B, the potential specification impacts include:

1. Define valid symbols for PUCCH repetition;

2. Define how to perform actual repetition based on these valid symbols, which can reference PUSCH repetition Type B;

3. PUCCH resource configuration and detailed repetition pattern;

4. Define frequency hopping related procedure.
Observation 2: For Rel-16 PUSCH-repetition-Type-B like PUCCH repetition, the following specification impact should be discussed: valid symbols for PUCCH repetition, actual repetition scheme based on the valid symbols, PUCCH resource configuration and detailed repetition pattern, frequency hopping. PUSCH repetition Type B can be a reference.

· (Explicit or implicit) Dynamic PUCCH repetition factor indication
The number of PUSCH repetitions times can be dynamically indicated in Rel-16, while dynamic PUCCH repetition indication is not supported yet. Since radio channel condition varies all the time, dynamic PUCCH repetition can improve uplink resource efficiency as well as provide more flexibility for gNB.
In current specification, the number of PUCCH repetition times in configured by RRC, using the high layer parameter nrofSlots in PUCCH-Config IE [2]. It can be seen that parameter “nrofSlots” is configured in PUCCH-FormatConfig per each PUCCH format, not configured in PUCCH-resource, nor configured in PUCCH-ResourceSet. Thus, dynamic PUCCH repetition cannot be performed based on current specification. 
In order to realize dynamic PUCCH repetition, an explicit or implicit indicator should be introduced and associated with PUCCH transmission.
For explicit PUCCH repetition, the indicator can be added in DCI field, e.g. introducing a new DCI field “PUCCH repetition times indicator”, which has N bits and can indicate at most 2^N kinds of repetition times. If this DCI field exists, then UE perform PUCCH repetition as indicated by this field regardless of the repetition times configured by RRC as well as PUCCH format; if this DCI field is absent, then UE perform PUCCH repetition as indicated by RRC parameter “nrofSlots”.
Since transmission resource of SR and CSI are both configured by RRC, here raises another question, if this DCI field exists, is it only used for HARQ-ACK reporting, or used for all PUCCH transmission during a period? 2 options can be discussed:
Option 1: Assume HARQ-ACK are reported in slot n, SR or/and CSI are configured to be transmitted in slot n+k. If 0<=k<=K, where K should be discussed and determined, it can be assumed that SR or/and CSI can use the same number of repetition times configured by DCI field “PUCCH repetition times indicator”.
Option 2: The PUCCH repetition times for CSI and SR transmission follows RRC configuration, regardless of the newly introduced DCI field “PUCCH repetition times indicator”.

Observation 3: For explicit PUCCH repetition, one additional DCI field may be needed to indicate corresponding PUCCH repetition times. When this DCI field is introduced, whether it can be used to indicate PUCCH repetition for CSI/SR reporting needs to be discussed.
For implicit PUCCH repetition, additional DCI field is not needed, we should utilize current DCI to indicate PUCCH repetition times. If we check DCI field in TS 38.212, it can be found that only one field “PUCCH resource indicator” is related to PUCCH transmission. Thus, this filed may be the only one which can be utilized to indicate PUCCH repetition times. 
Observation 4: For implicit PUCCH repetition, DCI field “PUCCH resource indicator” may be utilized to indicate corresponding PUCCH repetition times. Rules between the mapping of PUCCH repetition times and “PUCCH resource indicator” can be further discussed.
· DMRS bundling cross PUCCH repetitions
DMRS bundling cross PUCCH repetitions can improve channel estimation accuracy and then improve PUCCH transmission performance. For cross-slot channel estimation, the phase continuity within one bundle should be preserved. Since DMRS bundling is also studied for PUSCH coverage enhancement, the specification impact can be jointly studied
Observation 5: For cross-slot channel estimation, the phase continuity within one bundle should be preserved. The specification impact can be jointly studied with PUSCH DMRS bundling.
3      Conclusion
In this contribution, we discussed the potential specification impacts of the prioritized PUCCH solutions and we have the following observations:
Observation 1: If DMRS-less PUCCH is considered, the following specification impact should be discussed: New PUCCH format (sequence generation, frequency domain and time domain resource allocation), PUCCH related RRC configuration, UE procedure for reporting UCI utilizing the newly defined PUCCH format.

Observation 2: For Rel-16 PUSCH-repetition-Type-B like PUCCH repetition, the following specification impact should be discussed: valid symbols for PUCCH repetition, actual repetition scheme based on the valid symbols, PUCCH resource configuration and detailed repetition pattern, frequency hopping. PUSCH repetition Type B can be a reference.

Observation 3: For explicit PUCCH repetition, one additional DCI field may be needed to indicate corresponding PUCCH repetition times. When this DCI field is introduced, whether it can be used to indicate PUCCH repetition for CSI/SR reporting needs to be discussed.
Observation 4: For implicit PUCCH repetition, DCI field “PUCCH resource indicator” may be utilized to indicate corresponding PUCCH repetition times. Rules between the mapping of PUCCH repetition times and “PUCCH resource indicator” can be further discussed.

Observation 5: For cross-slot channel estimation, the phase continuity within one bundle should be preserved. The specification impact can be jointly studied with PUSCH DMRS bundling.
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