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Introduction
[bookmark: _GoBack]A study item on NR coverage enhancement was approved [1]. One of objectives of this study item is to identify the performance target for coverage enhancement, and to study the potential solutions for coverage enhancements for the following scenarios and services.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2
· TDD and FDD for FR1
· VoIP and eMBB services for FR1
· eMBB service as first priority and VoIP as second priority for FR2
· LPWA services and scenarios are not included.
· The target channels include at least PUSCH/PUCCH
· Study enhanced solutions, e.g., time domain/frequency domain/DMRS enhancement (including DMRS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation
The agreements on PUCCH coverage enhancement are summarized in Appendix A. In RAN1#102e. it was agreed to prioritize the study of 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 document, we provide our view on potential techniques for PUCCH coverage enhancement.
Discussion
In our baseline coverage performance analysis [2], at least in FR1, PUCCH might not be the bottleneck for NR coverage. However, if PUCCH become a target channel for enhancement in this study, one of key techniques to improve the coverage is repetition. For the channel which requires coverage enhancement, 1) how to utilize/enhance the already specified repetition techniques in poor channel conditions and 2) to improve the efficiency could be the discussion topics. 1) can be more essential part although 2) should not be missed. Rel.15 and Rel.16 can be starting point of the discussion.

DMRS-less PUCCH 
One of candidate techniques of DMRS-less PUCCH is sequence-based DMRS-less non-coherent transmission. With N-symbol duration and M-RB allocation with length-M sequence,  bits can be conveyed. On the other hand, assuming N-symbol duration, DMRS symbols of NDMRS symbols, and M-RB allocation with no multiplexing of data in DMRS symbols,  modulated symbols can be used for UCI payload transmission. The main use case of DMRS-less non-coherent transmission would be for low/medium payload size. In [3], PUCCH transmission using sequence combination was proposed. When sequence pool has S candidate sequence and N sequence is picked up from the pool, these are sCN combinations to present UCI information. If the UCI payload is 11 bits, 2048 states is required to present. Picking N=4 sequences from S=17 sequence pool can present 2380 states, which covers requirement of 11 bits UCI. The drawback of this solution would be increase of gNB receiver complexity and large specification impact. For DMRS-less PUCCH, in addition to the performance evaluation, the receiver complexity should be carefully discussed. 
Observation 1: DMRS-less PUCCH non-coherent transmission would be for low/medium UCI payload size and the he receiver complexity should be carefully discussed.

Rel.16 PUCCH-repetition-Type-B like PUCCH repetition
PUSCH repetition Type B like mechanism could have the potential to efficient usage of available UL resource. In PUSCH repetition Type B, if a nominal repetition goes across the slot boundary or DL/UL switching point, this nominal repetition is splitted into multiple actual repetition. If this mechanism is introduced to PUCCH repetition enhancement, due to the segmentation, the actual length of PUCCH repetition might be different than what was nominally indicated. Since NR defines PUCCH formats depending on the duration of PUCCH, potential impact would be PUCCH format may be different among the actual repetitions if UE generates the PUCCH based on the actual repetition. Therefore, whether/how to ensure the same PUCCH format among the actual repetition should be studied.
Observation 2: For PUSCH repetition Type B like mechanism, how to handle the segmentation should be studied.

DMRS bundling cross PUCCH repetitions
In poor channel conditions, the improvement of channel estimation performance is essential. Current specification only allows the channel estimation within a slot because phase continuity between slots at the UE transmitter is not ensured. Therefore, in addition to utilize/enhance the repetition techniques, cross-slot or cross-repetition channel estimation should be studied. To support cross-slot or cross-repetition channel estimation, phase continuity needs to be ensured. In Rel.13 MTC/NB-IoT, just not to transmit anything in SRS symbol can be kept phase continuity as PA is kept but only baseband is off are assumed in SRS symbol. In NR, it is necessary to ask RAN4 in what condition phase continuity can be kept. The example of the condition would be slot boundary, segmentation due to DL symbols or higher priority UL symbols. Our expectation is at least when the transmission power is not changed over the multiple slots except no transmission caused by DL symbol and so on, phase continuity would be kept.
Proposal 1: In order to support cross-slot channel estimation, RAN1 asks to RAN4 in what condition phase continuity can be kept.

In our PUSCH evaluation in [4], we showed that combination of repetition and cross-slot channel estimation can provide the performance gain. As the combination of repetition over multiple slots and cross-slot channel estimation would be essential solutions for PUCCH coverage enhancement, the potential enhancement could come down to how to utilize the resource over multiple slot. In the already specified PUCCH repetition techniques, slot-based PUCCH format is just repeated over multiple slots. In addition to the enhancement of already specified repetition techniques, new framework on how to utilize the resource over multiple slots could be studied, such as symbol-level repetition.
Symbol-level repetition
In Rel.13 MTC, symbol-level combining among different subframe/slots i.e., combining symbols before the channel estimation as coherent combining among different subframe/slots, is one of the fundamental designs of CE Mode B as stationary UEs can assume the same channel over multiple subframe/slots. On the other hand, in NR coverage enhancement SI, as the target is not limited to stationary UEs, symbol-level combining among different subframe/slots may not work well. From symbol-level combining perspective, symbol-level repetition could be studied.
Symbol-level repetition could be considered as one of cross-slot channel estimation techniques combined with repetition over multiple slots. The example of symbol-level repetition is illustrated in Fig.1. In symbol-level repetition, the same OFDM symbol is repeated in N consecutive symbols, where N is the number of repetitions. From the perspective of length of N consecutive symbols, symbol-level repetition can be considered as equivalent function to use lower subcarrier spacing, but just keep the same subcarrier spacing by the symbol level repetition can avoid guard band issue of mixed numerology. This structure is also suitable to perform symbol-level combining. Further potential benefit would be affinity with STBC for further coverage improvement and with CDM for efficiency improvement.
The motivation to use symbol-level repetition is to improve the SINR of DMRS for better channel estimation. On the other hand, based on our evaluation in [4], since 2D MMSE channel estimation over multiple slot can provide sufficient averaging and interpolation effect, the already specified repetition scheme such as PUSCH repetition Type A can provide sufficient gain. We expect that similar trends would be observed in PUCCH, i.e., the Rel.15/16 slot-based repetition of PUCCH format 3 with cross-slot 2D MMSE channel estimation will provide better averaging and interpolation performance.

[image: ]
Fig.1: Concept of symbol-level repetition

Frequency hopping enhancement for PUCCH
Frequency hopping enhancement were proposed as a more flexible frequency pattern for mitigating the inter-cell interference, a configurable time domain hopping interval for better channel estimation performance, and a configurable number of hopping locations in the frequency domain for better diversity. In our view, at least configurable time domain hopping interval should be supported if/when cross-slot or cross-repetition channel estimation is supported. The other enhancements may not improve coverage performance. For example, considering larger number of Rx antennas (such as 64 TxRUs), diversity does not provide gain anymore, not only for frequency domain but also for time domain. Therefore, inter-slot/intra-slot frequency hopping with more frequency offset and with more frequency hopping positions could be deprioritized. These solutions may provide gains considering inter-cell/inter-UE diversity for interference randomization. However, since coverage enhancement scenario would be more noise limited, these solutions could be deprioritized.
Observation 3: In the combination with cross-slot/cross-repetition channel estimation, frequency hopping enhancement such as configurable time domain hopping interval should be supported.

Conclusion
In this contribution, we provide our view on potential techniques on PUCCH coverage enhancement. We made following observations and proposals.
Observation 1: DMRS-less PUCCH non-coherent transmission would be for low/medium UCI payload size and the he receiver complexity should be carefully discussed.
Observation 2: For PUSCH repetition Type B like mechanism, how to handle the segmentation should be studied.
Proposal 1: In order to support cross-slot channel estimation, RAN1 asks to RAN4 in what condition phase continuity can be kept.
Observation 3: In the combination with cross-slot/cross-repetition channel estimation, frequency hopping enhancement such as configurable time domain hopping interval should be supported.
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Appendix A: Agreement in previous meetings
RAN1#102e
Agreement:
· 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, vs. 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].

Agreement:
· Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, the following schemes for PUCCH coverage enhancement can be further studied.
· Sequence-based PUCCH format 0/1 with pi/2 BPSK
· Pre-DFT data-RS multiplexing for PUCCH format 2 with pi/2 BPSK
· UCI size reduction
· Frequency hopping enhancement for PUCCH
· Short / mini-slot PUCCH repetition
· Power control enhancement for PUCCH (including power boost for pi/2-BPSK)
· Increase maximum number allowed repetitions for PUCCH
· PUCCH transmit diversity scheme
· Symbol-level repetition for long PUCCH
· Split UCI payload on short and long PUCCH on adjacent S and U slots
· Potential higher DMRS density for PUCCH with repetitions

Agreement:
· Deprioritize the study of the following schemes for PUCCH coverage enhancement.
· UE antenna configuration enhancement for FR2
· Relay (including sidelink relay)
· Reflective arrays

Conclusion:
· For the performance evaluation of PUCCH coverage enhancement schemes under 8.8.2.2, use PUCCH simulation assumptions agreed under 8.3.1 in RAN1#101e as a baseline. Companies are encouraged to report additional simulation parameters / assumptions particular to their proposed schemes together with the simulations results in RAN1#103e.
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