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1 [bookmark: _Ref521334010]Introduction
At RAN#86 meeting, a new Rel-17 SI on NR coverage enhancement was approved [1]. In RAN1#102-e, the following agreements were made in respect to coverage recovery for PUCCH [2].
	[bookmark: _Hlk49248398]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]

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

Agreements: 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 PF 0/1 with Pi/2 BPSK
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
· UCI size reduction 
· Freq hopping enhancement for PUCCH
· Short/mini-slot PUCCH repetition
· Power control enhancement for PUCCH (including power boost for pi/2 BPSK)
· Increase maximum # 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

Conclusion: 
For the performance evaluation of PUCCH coverage enhancement schemes under 8.8.2.2, use PUCCH simulation assumptions agreed under 8.4.1 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. 




In this contribution, we provide our considerations on potential solutions for PUCCH coverage enhancement.
2 Discussion
According to the simulation results shown in [2], PUCCH is the bottleneck channel only in limited scenarios, e.g. rural scenario with ISD=1732m and frequency carrier=4GHz, wherein up to 3.6 dB gap needs to be compensated. Almost twenty schemes have been proposed and grouped into different priorities during the last meeting. In this section, we provide some views and concrete analysis of some potential techniques. In table 1, we provide some general views on the identified solutions on the table.
Table 1: Summary of the potential techniques on PUCCH coverage enhancement
	Techniques
	Views

	(Explicit or implicit) Dynamic PUCCH repetition factor indication
	gNB can flexibly adjust the repetition number of PUCCH depending on the change of wireless channel state, which improve the spectrum utilization with meeting the coverage requirements.

	PUCCH Transmit diversity scheme
	Diversity gain can be harvested without increasing antenna port, which has no specification impacts.

	Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits
	Any adopted techniques for PUCCH coverage enhancement should be payload agonistic. PUSCH repetition type B like solution is neither justified nor feasible for coverage enhancement.

	Increase maximum # allowed repetitions for PUCCH
	A straightforward way for coverage enhancement.

	Short/mini-slot PUCCH repetition
	Long PUCCH repetition scheme is sufficient.

	Symbol-level repetition for long PUCCH
	Decentralized DMRS is helpful to achieve more accurate channel estimation. Symbol-level repetition would lead to more centralized DMRS and the motivation is unclear.

	DMRS bundling cross PUCCH repetitions
	DMRS bundling can be used for joint channel estimation to achieve more accurate estimation without increasing DMRS overhead.

	DMRS-less PUCCH
	It may obtain some gains at the cost of high complexity for gNB detection. Furthermore, the definition of new PUCCH format and long sequence needs further discussion.


PUCCH repetition enhancement
Repetition is an effective way for coverage enhancement. For PUCCH format 1/3/4, multiple slots can be configured for a PUCCH transmission by higher layer parameter nrofSlots. However, the coverage is still problematic in some scenarios even if 8 repetitions are configured. 
One straightforward way is to allow PUCCH repetition with a larger number, e.g. 16. Also, it should be carefully considered the penalty of increasing the repetition number as it may result in more overhead and higher possibility of collision among uplink channels.
Observation 1: Increasing the maximum number of PUCCH repetition can be considered to improve the coverage of PUCCH.
One potential way to alleviate the shortages of introducing more repetitions is to indicate the PUCCH repetition number dynamically according to the channel condition. The dynamic repetition indication can be applied with either explicit scheme or implicit scheme. For example, a new bit field can be added in the DCI to directly indicate the repetition number of PUCCH provided by nrofSlots in PUCCH-Config. On the other hand, the repetition number of PUCCH transmission can also be derived from PRI implicitly. gNB can additionally configure the repetition number for each PUCCH resource . UE can realize the repetition number of PUCCH via the PUCCH resource indicated by PRI. 
Proposal 1: PUCCH repetition number can be explicitly indicated by new a DCI bit field or implicitly indicated by PRI.
A new PUCCH repetition pattern like Rel-16 PUSCH-repetition-Type-B was proposed to use more available symbols and reduce latency. First of all, the motivation of PUSCH repetition type B is to reduce transmission latency and there is nothing about coverage enhancement. The benefit for coverage is far away from being justified. It was also extensively discussed and the common understanding is that Type B PUCCH repetition only applicable to the PUCCH carrying a UCI not larger than 11 bits. It would be clear over-optimization as the coverage of a PUCCH carrying a UCI with larger payload size can be guaranteed by the other universal techniques, e.g. repetition, DMRS-bundling, DMRS-less, while we jump into a solution to further enhance a smaller UCI payload size. It is totally against the spirit that the potential techniques for PUCCH coverage enhancement should be payload agnostic. Last but not least, the standard workload would be uncontrollable if the Type B PUSCH repetition like solution is adopted for PUCCH transmission.
Proposal 2: It is not necessary to introduce Type B PUCCH repetition for UCI no larger than 11 bits.
Furthermore, symbol level repetition was proposed to coherently combine more number of symbols without suffering the channel variation. In our opinion, DMRS would be more centralized when using symbol level repetition, which may decrease the accuracy of channel estimation. In addition, whether symbol level repetition is necessary to transmit in continuous slots or not may limit the PUCCH transmission in TDD.
Observation 2: There is no definite performance gain but large specification impact if symbol level repetition is supported.
Spatial domain enhancement
Currently, only one antenna port can be used for PUCCH transmission. One possible way is to increase the number of antenna port in order to obtain diversity gain, which can further improve the coverage. Different transmit diversity schemes can be considered for different PUCCH formats if necessary. One typical way is to reuse SORTD as specified in LTE. It is a simple way with introducing limited specification impacts but consuming double PUCCH resources. It may need to re-evaluate whether the overhead can be accepted in NR. 
One antenna port pre-coder cycling can also realize diversity gain without increasing antenna port. It is totally transparent and UE can determine the pre-coder cycling pattern freely. As shown in Figure 1, UE can use two or more pre-coders in time domain or frequency domain. Since the pre-coder is added to the information bits after modulation and coding, it is completely transparent to the gNB, which has no impact on the standard. Figure 2 shows that 1 dB diversity gain can be achieved compared with PUCCH transmitted w/o pre-coder cycling even only two pre-coders are applied to different resources. The detailed simulation assumptions are provided in annex.


(a) PUCCH repetition with pre-coder cycling in time domain


(b) PUCCH with pre-coder cycling in frequency domain
Figure 1: PUCCH with pre-coder cycling
[image: cid:image001.jpg@01D669B9.FAAE1FF0]
Figure 2: performance of PUCCH format 3 with one port pre-coder cycling
Proposal 3: One antenna port pre-coder cycling can be used for PUCCH to obtain diversity gain.
DMRS enhancement
Coverage can be enhanced by improving the accuracy of channel estimation.
DMRS bundling can be used for multi/cross-slot channel estimation when transmitting a long PUCCH in consecutive slots e.g. PUCCH repetition is enabled. As shown in figure 3, long PUCCH is repeated and each 2 PUCCHs are bundled for joint channel estimation to achieve more accurate estimation without increasing DMRS overhead. It is also feasible for a gNB to handle the cross-slot channel estimation even if several PUCCHs carrying different UCIs since only DMRS is used for channel estimation. The PUCCH bundle size can be further studied.


Figure 3: DMRS bundling with 2 slots
In addition, DMRS bundling can be combined with time spacial diversity (TSD) as shown in figure 4. 


Figure 4: DMRS bundling combined with TSD
Observation 3: DMRS bundling can be considered to improve the coverage of PUCCH.
DMRS-less PUCCH was proposed to improve the transmission performance in low SNR range since the reception of sequence based PUCCH does not rely on channel estimation. In the current specification, only PUCCH format 0 with UCI no more than 2 bits uses sequence based transmission. If sequence-based PUCCH transmission is used to carry more than 2 bits UCI, for example 11 bits UCI, a long sequence with length  would occupy much more resources compared with PUCCH format 3 which only needs one RB in frequency domain. Furthermore, it may not be possible to guarantee the orthogonality among different cycling shifts. In addition, we should pay more attention on the huge standard workload since a totally new PUCCH format would be designed and the suitable sequence needs to be found out.
Observation 4: DMRS-less PUCCH has big impact on specification and the overhead should be further studied . 
3 Conclusion
In this contribution, we provided our view on method for coverage enhancement with the following observations.
Observation 1: Increasing the maximum number of PUCCH repetition can be considered to improve the coverage of PUCCH.
Observation 2: There is no definite performance gain but large specification impact if symbol level repetition is supported.
Observation 3: DMRS bundling can be considered to improve the coverage of PUCCH.
Observation 4: DMRS-less PUCCH has big impact on specification and the overhead should be further studied . 
Additionally, we have the following proposals:
Proposal 1: PUCCH repetition number can be explicitly indicated by new a DCI bit field or implicitly indicated by PRI.
Proposal 2: It is not necessary to introduce Type B PUCCH repetition for UCI no larger than 11 bits.
Proposal 3: One antenna port pre-coder cycling can be used for PUCCH to obtain diversity gain.
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Annex
	Parameters
	values

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	PHY resources
	1 PRB 

	PUCCH format
	3

	Number of UCI bits
	8 bits

	Number of symbols
	14 symbols

	Number of UEs
	1

	Channel model
	TDL-C with delay spread: 300ns

	UE speed:              
	3 km/h 

	Number of physical antennas
	2Rx, 1Tx or 2Tx

	Antenna ports
	1

	SCS
	30 kHz

	Channel estimation
	Practical

	Noise estimation
	true

	Frequency hopping
	On
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