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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#102e meeting [1], following agreements are made for PUCCH enhancements.
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, 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
· [bookmark: _GoBack]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: 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
In this contribution, we will discuss the potential coverage enhancements solutions on the PUCCH, which is identified as coverage bottleneck in our companion contribution [2][3]. 
2. Coverage analysis on legacy PUCCH
As evaluated in our companion contributions[2][3] the MCL/MIL/MPL for Rel-15/Rel-16 physical channels are shown as follows. Rural scenarios in NLOS O2I 4GHz is illustrated as example in figure 1. 
[image: ]
[bookmark: _Ref39855116][bookmark: _Ref53525464][bookmark: _Ref39855105]Figure 1. MCL/MIL/MPL for FR1-4GHz TDD(DDDSU) Rural scenario (NLOS O-to-I)
In [4][5], target ISD for rural scenario is 1700 meters. Accordingly, the target MIL/MPL can be drived respectively, which are  150.55/154.55/131.57 dB. Based on the coverage evaluation for rural O2I scenario in TDD 4GHz, as shown in Figure 1, PUCCH needs to be enhanced to meet target coverage range. Besides, as shown in [2][3] coverage of PUCCH can not reach the target ISD in rural 4GHz NLOS O-to-O and rural 2.6GHz NLOS O-to-I either.
[bookmark: _Ref39857204][bookmark: PP1]Proposal 1: Solutions for PUCCH enhancement are needed for coverage enhancements.
3. Potential solutions for PUCCH enhancement
In Rel-15 PUCCH channel design, PF0 and PF1 are used for UCI payload less than or equal to 2 bits, and PF2, PF3 and PF4 are used for UCI payload greater than 2 bits. Among the PUCCH formats, PF1, PF3 and PF4 are long PUCCH formats, and PF0 and PF2 are short formats. Although PF0 and PF2 can also be used for UCI delievery, the coverage is inferior to PF1 and PF3/PF4 due to the short duration, which implies that long PUCCH formats are more likely to be configured from coverage perspective. Therefore, enhancements on PUCCH should be based on long PUCCH formats.
[bookmark: PP2]Proposal 2: Enhancements on PUCCH should be based on long PUCCH formats.
In RAN1#102-e, following solutions are considered as high priority ,
· DMRS less PUCCH
· DMRS bundling across PUCCH repetitions
· Type-B PUSCH repetition like PUCCH repetition
· Dynamic PUCCH repetition
In this section, we will discuss above solutions for PUCCH enhancements. Simulation results based on LLS are provided for some of the potential solutions, and the common assumptions are provided in the following table.
[bookmark: _Ref53480030]Table 1 Simulation Assumptions for PUCCH repetition with DMRS bundling
	Property
	Value

	Carrier frequency
	4 GHz

	Channel model
	TDL-C 100ns 30Hz

	Antenna number at BS
	2

	Antenna number at UE
	1

	Subcarrier spacing
	30 kHz



3.1. DMRS less PUCCH (Sequence based PUCCH)
In RAN1#102-e, sequence based PUCCH without DMRS, for UCI bits ≤11, is discussed [6], and it has been considered as one of the high priority candidate solutions. The motivation of sequence based PUCCH is to use non-coherent detector at receiver to avoid performance degradation caused by inaccurate channel estimation in lower SNR regime. In Rel-15/16, PF2, PF3 and PF4 can be configured to deliever UCI bits>2  bits, where PF3 and PF4 are long PUCCH formats. In this section, PF3 is considered as baseline for comparison with the new sequence based PUCCH.
For sequence based PUCCH, there are two alternatives that can be considered as for sequence design
· Option 1: short sequence, e.g. ZC sequence, CGS
· Option 2: long sequence, e.g. Gold sequence
For option 1, the new pucch format can be considered as simply extension of Rel-15 PF0 which is used for UCI bits≤2. Hence, the PUCCH can mapped to more than 2 symbols, and each symbol can be used to deliever 1 or 2 bits. Nevertheless, the sequence does not to be restricted in one RB (length 12), as that for PF0. Sequences with length 24, 36 and etc, which have better correlation property than length 12 sequence, can also be considered, and sequences with different length have already been defined in Rel-15.
For option 2, a long sequence can be mapped to the PUCCH resource in frequency domain first manner. For example, for a PUCCH resource with 3RBs and 12 UCI symbols, the sequence length should be 432. Gold sequence, which is widely used as DMRS sequence and scrambling sequence, can be considered for long sequence.
Besides, as discussed in [6], legacy PUCCH format 3, which contains both DMRS and UCI symbols, can also be detected using a non-coherent detector, i.e. sequence correlator, the modulated signal on UCI symbols, after pre-DFT, can be considered as a sequence. For a cell edge UE which operates at low SNR, gNB can discard the DMRS symbols and detect the PUCCH non-coherently.
Note that for sequence based PUCCH detection, DTX to Ack rate, also known as false alarm rate, should be less than 1%, which is also one of the performance metrics for sequence based PUCCH, e.g. PF0 and PF1, as defined in the demodulation requirements in RAN4 [7]. The typical method to determine whether PUCCH is DTX is to compare the correlation value output by the correlator to certain threshold, when the value is lower than the threshold, the PUCCH is determined as DTX. Since UE may not transmit PUCCH for some reasons, such as missing the DL grant PDCCH, UE will not transmit PUCCH as assumed by gNB. On the other hand, when the PUCCH is actually transmitted, it is also possible to discard the candidate sequence with best correlation, since it is below the threshold. Hence, gNB need to determine whether PUCCH is DTX to avoid false alarm, at the expense of higher miss detection rate.
[bookmark: PP2p5]Proposal 3: For sequence based PUCCH, DTX to Ack (false alarm) should be limited to less than 1% in evaluation, which is also considered for legacy sequence based PUCCH, i.e., PF0 and PF1.
We evaluated the aforementioned sequence based PUCCH and legacy PUCCH with non-coherent detectors, the simulation assumptions in addition to Table 1 are provided in Table 2. 
[bookmark: _Ref53584865]Table 2 Simulation Assumptions for Sequence based PUCCH
	Property
	Value

	PUCCH format
	PF3 with 
· conventional receiver
· non-coherent receiver
New Sequence based PUCCH
· short sequence: length 36 ZC sequence
· long sequence: gold sequence
· DTX->Ack: less than 1%

	RB number
	3

	Additional DMRS
	Enable/Disable

	Number of UCI bits
	6

	Number of symbols
	12 or 14

	Note: 
1, For short sequence, each symbol (length 36 ZC sequence), is used to deliver 2bits, and repeated 4 times. Thus, 12 symbols are used in total.
2, For PF3 using non-coherent receiver, the additional DMRS is enabled, and gNB detects the 10 UCI symbols using non-coherent detector, and 2 DMRS symbols are not used.
3, For non-coherent sequence-based detection, the BLER is the sequence detection error rate when the DTX to Ack (false alarm rate) is 1%.



[image: ] [image: ]
(a) PUCCH BLER                                                                    (b) DTX to Ack Rate
[bookmark: _Ref53585454]Figure 2. Performance of sequence based PUCCH
As shown in Figure 2, performance of short sequence based PUCCH is inferior to that of legacy PF3. For long sequence based PUCCH, althogh it can obtain 1.5 dB gain compared with PF3 w/o additional DMRS, the performance gain is reduced to 0.5dB, compared to that of PF3 with additional DMRS. For legacy PF3 using non-coherent correlator at gNB receiver, the performance is slightly better than legacy PF3 w/ additional DMRS, and slightly worse than PUCCH using long sequence. However, the performance difference is quite marginal. Therefore, it is not necessary to introduce sequence based PUCCH format for UCI  ≤11 bits for coverage enhancment.
DTX to Ack for the sequence based PUCCH format and PF3 with non-coherent detector are also considered in the simulation. As shown by Figure 2(a), if DTX is not considered, the performance gain of sequence based PUCCH would be overstated by about 3dB.
[bookmark: OB1]Observation 1: The performance gain achieved by sequence based PUCCH without DMRS is marginal compare to legacy PUCCH format 3.
· If DTX to Ack is not considered in simulation, the performance gain of sequence based PUCCH would be overstated by about 3dB.
[bookmark: PP3]Proposal 4: It is not necessary to introduce sequence based PUCCH for UCI ≤11 bits for coverage enhancment.
3.2. DMRS bundling across PUCCH repetitions
In Rel-15 PUCCH repetitions can be transmitted in consective slots. However, gNB can not perform joint channel estimation across PUCCH repetitions, since UE is not required to garantee coherent transmission across multiple PUCCH repetitions. As discussed in [7], DMRS sharing across transmissions can be supported if certain conditions can be met, and gNB can take advantage of shared DMRS from neighbouring PUCCH repetition to improve the accuracy of channel estimation, and improve the coverage of PUCCH. 
· Performance of PUCCH repetition with DMRS bundling
We evaluated the DMRS bundling across PUCCH repetitions transmitted in consecutive slots, the simulation assumptions in addition to Table 1 are provided in Table 3. The simulation results are shown in Figure 3.
[bookmark: _Ref53480048] Table 3 Simulation Assumptions for PUCCH repetition with DMRS bundling
	Property
	Value

	PUCCH format
	3

	RB number
	3

	Additional DMRS
	enable

	Number of UCI bits
	11

	Number of symbols
	14

	Number of repetitions
	1 or 2 consecutive slots


[image: ]
[bookmark: _Ref53480094]Figure 3. Performance of PUCCH repetition with DMRS bundling
As shown in Figure 3, with channel estimation based on DMRS bundling across 2 consecutive slots , 1.3dB performance gain can be observed compared to PUCCH repetition with conventional intra-slot/intra-PUCCH channel estimation. In low SNR region, channel estimation accuracy is limited by noise. With more DMRS symbols included for channel estimation, the noise can be further suppressed after time domain filtering. Therefore, DMRS bundling across PUCCH repetitions can be considered for PUCCH coverage enhancements.
[bookmark: OB2]Observation 2: More than 1dB performance gain can be obtained for PUCCH repetition with DMRS bundling compared to without DMRS bundling.
[bookmark: PP4]Proposal 5: DMRS bundling across PUCCH repetitions is benifical for PUCCH coverage enhancements.
· Potential specification impacts
If DMRS bundling across PUCCH repetitions introduced in Rel-17, some potential specification impacts are expected.
Firstly, the coherent transmission between PUCCH repetition is the premise of DMRS bundling. The coherency of different transmissions is depending on the transmission power and time gap between PUCCH transmissions according to [8]. In current mechanism, UE can adjust the transmission power per transmission occasion. If output power of PUCCH repetition is changed aross PUCCH repetition, the performance can not be garuanteed. Hence, UE should keep the same output power across the PUCCH repetitions, which will lead to new UE behaviours in power control.
Secondly, the time domain granularity for DMRS bundling also need to be defined, which is similar to PRG for frequency domain multi-PRB channel estimation for PDSCH. The garanularity can be determined explicitly or implicitly, which may have specification impacts in section 9 of TS 38.213.
Besides, UE transmission power may be impacted by other procedures. For example, if UE is configured with CA and indicated to transmit PUCCH repetitions coherently in the first serving cell, and UE is indicated to transmit on a second serving cell which starts during the PUCCH repetitions, UE may need to adjust the transmission power on the first serving cell, which may impact the coherency of the PUCCH repetitions. Potential UE behaviors may need to be defined to address this issue.
[bookmark: OB3]Observation 3: DMRS bundling across PUCCH repetitions have potential specification impacts in the following aspects
· UE need to keep the same Tx power across PUCCH repetitions if DMRS bundling is configured;
· The time domain granularity should be defined for DMRS bundling;
· Potential UE behavior if the coherency of PUCCH repetition is impacted by other procedures, e.g. simultaneous transmission if configured with CA.
3.3. Type-B PUSCH repetition like PUCCH repetition
In Rel-15/Rel-16, PUCCH repetition has been supported. PUCCH can be repeated in multiple slots, and multiple repetitions have to be transmitted in same set of symbols within each slot. Besides, if PUCCH repetition is overlapping with unavailable symbols, e.g. DL symbols configured by RRC or indicated as DL symbols or flexible symbols by dynamic SFI, the PUCCH repetition is postponed.
In some TDD frame structures, e.g. DDDSU(S: 10D:2G:2U), PUCCH repetition can hardly be configured. As shown in Figure 4, if PUCCH repetition is enabled and transmitted in ‘U’ and ‘S’ slots, the PUCCH should be mapped to last two symbols of ‘S’ and ‘U’ slots due to the aforementioned restriction. Alternatively, a PUCCH using long formats, with up to 14 symbols, mapped to ‘U’ slot may achieve better performance, which makes the PUCCH repetition less likely to be supported in real deployment. 


[bookmark: _Ref53500916]Figure 4. illustration of current PUCCH repetition mechanism
Furthermore, based on current mechanism, UE is not expected to receive a PDSCH with the same HARQ process before the transmission of HARQ-Ack is finished. In other words, if PUCCH repetition last for quite a long duration due to repetitions in TDD frame structure, the latency of PDSCH reception is also increased if retransmission is needed. In this case, PDSCH performance would be degraded. Besides, PUSCH is one of the bottlenecks among the physical channels, and PUSCH repetition is considered as a baseline for coverage enhancements. Due to limited UL resources in TDD frame structure, PUSCH and PUCCH would be transmitted in the overlapping resources, if repetition for both channels are enabled. Thus, PUSCH is either dropped or multiplexed with PUCCH according to RRC configuration, which means the coverage of PUSCH would be degraded due to PUCCH repetition. 
[bookmark: OB4]Observation 4: PUCCH repetition mechanism defined in Rel-15 may not bring about better coverage in some TDD frame structure.
To address these issues, one possible way is taking full advantage of all available UL resources for PUCCH transmission, to obtain as better performance as possible within a limited time duration. In Rel-16 URLLC, Type-B PUSCH repetition was supported, and UL symbols in ‘S’ slots can also be used to transmit an actual PUSCH repetition. The PUSCH transmission can be flexibly mapped in ‘S’ slot after segmentation, and the UL resources is fully exploited for PUSCH repetition. Similarly, a type-B PUSCH repetition like PUCCH can be considered for coverage enhancement. 
As shown in Figure 5, the number of symbols for different PUCCH occasions can be different for each repetition. In ‘S’ slot, 2 symbols are used for 1st PUCCH repetition, and in ‘U’ slot, the full slot is allocated for the 2nd PUCCH repetition. Thus, better PUCCH reliability can be expected, and the PUCCH latency is not increased. 
Similar to type-B PUSCH repetition, nominal PUCCH repetition and actual PUCCH repetition can be defined for type-B PUCCH repetition. The length of actual PUCCH would be less than that of nominal PUCCH repetition if some of the symbols are not usable, e.g. DL or gap symbols. For frame structure DDDSU(S: 10D:2G:2U), type-B PUCCH repetition can be mapped to S slot and U slot consecutively, and the length of the actual PUCCH repetitions in these two slots are 2 symbols and 14 symbols, respectively. 
In Rel-15/16, the length of long PUCCH formats is at least 4 symbols, long PUCCH with less than 4 symbols is not defined. If less than 4 symbols are available for long PUCCH, the PUCCH can be mapped with rate matching or puncturing manner. As discussed in section 3.2, DMRS bundling can also be considered for actual PUCCH repetition with different length. Alternatively, DMRS less PUCCH can be introduced for the actual PUCCH repetition with less than 4 symbols, for long PUCCH, if coherent PUCCH DMRS are available in neighboring PUCCH repetition.


[bookmark: _Ref53494122]Figure 5. illustration of Channel estimation for type-B PUCCH repetition
· Performance of Type-B PUCCH repetition
We evaluated the performance of type-B PUCCH repetition transmitted in S slot and the neighboring U slot, and the performance compared with that of PUCCH in U slot without repetition. Besides, different DMRS mapping pattern and channel estimation methods are evaluated. The simulation assumptions in addition to Table 1 are provided in Table 4. The simulation results are shown in Figure 6.
[bookmark: _Ref53496294]Table 4 Simulation Assumptions for type-B PUCCH repetition
	Property
	Value

	PUCCH format
	3

	RB number
	3

	DMRS pattern (symbol idx)
	[12] or DMRS-less for S slot
[1 5 8 12] for U slot

	Number of UCI bits
	11

	Number of symbols for nominal PUCCH repetition
	14

	Number of symbols for actual PUCCH repetitions
	2 for S: 10D:2G:2U
4 for S: 6D:4G:4U

	Number of repetitions
	1 or 2(S+U)

	Channel estimation method
	Separate channel estimation
DMRS bundling channel estimation


[image: ] [image: ] 
(a) 2 UL symbols + 1 UL slot                                                         (b) 2 UL symbols + 1 UL slot
[bookmark: _Ref53495446]Figure 6. Performance of type-B PUCCH repetition
As shown in Figure 6, type-B PUCCH repetition with seperate channel estimation can obtain about 0.5dB gain compared to 1 slot PUCCH, and the performance gain is quite marginal. Considering there is only 1 DMRS symbol in S slot, time domain filtering is not feasible and the noise cannot be suppressed through filtering, which would lower the accuracy of the channel estimation, especially for the low SNR region. If the PUCCH in S slot is DMRS less and channel estimation is obtained through extrapolation of channel estimation from U slot, the performance is still slightly better than that with seperate channel estimation. Even if the DMRS in the U slot is not so close to the PUCCH in S slot, channel estimation obtained through extrapolation is still more accurate than that obtained through channel estimation based on a single DMRS symbol, which means noise is the major influencing fator in low SNR region, rather than time domain conherence. 
While for type-B PUCCH repetition with DMRS bundling channel estimation, and there is one symbol DMRS for PUCCH in S slot, the channel estimation accuracy can be improved for both S slot and U slot with more DMRS utilized for filtering, and 1 dB and 1.5 dB performance gain can be obtained compared to 1 slot PUCCH, for S slot with 2 and 4 symbols respectively. 
[bookmark: OB5]Observation 5: Performance gain of type-B PUCCH repetition is marginal if DMRS bundling is not considered.
[bookmark: PP5]Proposal 6: Type-B PUCCH repetition is beneficial for PUCCH coverage enhancements.
· Specification impacts
If type-B PUCCH repetitions introduced in Rel-17, some potential specification impacts are expected.
First, as mentioned earlier, nominal PUCCH repetition and actual PUCCH repetition should be defined.
Secondly, the segmentation rule to determine occasions for actual PUCCH repetition, the mapping rule and DMRS pattern on actual PUCCH repetition should also be defined, as that for type-B PUSCH repetition in Rel-16.
Besides, for PUCCH power control, the transmission power is determined based on number of REs for UCI in a PUCCH transmission. For type-B PUCCH transmission, the number of RE for an actual PUCCH repetition may be less than the number of REs in a nominal PUCCH transmission. To keep the same transmission power in a PUCCH repetitions, the transmission power of actual PUCCH repetition should be determined based on a reference number of REs, e.g. number of REs of the nominal PUCCH repetition.
[bookmark: OB6]Observation 6: Potential specification impacts in the following aspects for Type-B PUCCH repetitions are observed 
· Concept of nominal PUCCH repetition and actual PUCCH repetition need be introduced;
· Segmentation rule to determine occasions for actual PUCCH repetition and the channel design including UCI and DMRS pattern need be defined for the actual PUCCH repetition 
· A reference number of REs, e.g. number of RE of nominal PUCCH repetition, is used to determine the transmission power of actual PUCCH repetition.
3.4. Dynamic PUCCH repetition
In previous meetings, implicitly or explicitly indication of PUCCH repetition factor was proposed to improve PUCCH coverage. In Rel-15/16, PUCCH repetition is configured semi-statically, and gNB cannot flexibly change the PUCCH repetition number for a PUCCH format according to the link quality dynamically. 
For indication of PUCCH repetition explicitly, a straightforward way is to introduce PUCCH repetition factor field in DL scheduling DCI, while larger DCI size would bring about degraded PDCCH performance. Hence, PUCCH repetition is preferred to be indicated implicitly or reusing the existing field in DCI. Additional fields in DL scheduling DCI should be avoided.
[bookmark: OB7]Observation 7: PUCCH repetition is preferred to be triggered implicitly or reusing the existing field in DCI, without introducing additional fields in DL scheduling DCI.
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 have 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 mechanism.
[bookmark: OB8]Observation 8: In current mechanism, the PUCCH repetition is configured on PUCCH format, and it makes dynamically indication of PUCCH repetition through PRI quite restrictive.
To support more flexible PUCCH repetition, PUCCH repetition number/factor can be configured on PUCCH resource instead of configured on PUCCH format. For example, gNB can configure PUCCH resource#0 without repetition and PUCCH resource#1 with repetition, and both of these resources are configured with the same PUCCH format. In this case, the gNB can explicitly indicate PUCCH repetition with PRI, and additional DCI field to indicate PUCCH repetition factor can be avoided. 
[bookmark: PP6]Proposal 7: 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.
For implicit indication of PUCCH repetition, the repetition number can be determined based on UCI size and a target coding rate. For PUCCH format 2 and PUCCH format 3, the RB number of the PUCCH is determined based on the UCI size and configured first coding rate, and the minimum RB number, that can make the coding rate of UCI lower than the configured coding rate, is selected. Similarly, the PUCCH repetition number can also be selected to make the UCI coding rate lower than a second configured coding rate. 
For PUCCH format 4, since the RB number is fixed to 1, the repetition number can be determined simply using the aforementioned method. For PUCCH format 2 and format 3, UE determines the RB number based on the UCI size and the first coding rate, would have impacts on the final coding rate after repetition. Hence, the PUCCH repetition number can be determined based on a fixed RB number or after the RB number is determined. 
[bookmark: PP7]Proposal 8: The PUCCH repetition number can be determined implicitly to make the UCI coding rate lower than a configured coding rate.
· Specification impacts
Based on the discussion above, some potential specification impacts are expected, if dynamic PUCCH repetition factor indication is supported explicitly and implicitly in Rel-17.
For the explicit repetition factor indication, the number of repetitions should be configured on PUCCH resources instead of configured on PUCCH formats. UE determines the PUCCH resources with different repetition number based on the existing PRI field without introducing new fields in DCI.
For implicit way of determining the repetition number, the implicit rule to determine the number of repetitions should be determined based on a set of parameters, e.g. target coding rate and reference number of RBs.
[bookmark: OB9]Observation 9: If dynamic PUCCH repetition indication is supported, potential specification impacts are observed in the following aspects
· For explicit repetition factor indication, PUCCH repetition number is configured on PUCCH resource instead of configured on PUCCH format;
· For implicit repetition factor determination, the implicit rule to determine the number of repetitions is determined based on a set of parameters, e.g. target coding rate and reference number of RBs.
3.5. Lower priority solutions for coverage enhancements
In RAN1#102e, some of the potential solutions are proposed to be further studied, as follows.
· 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
In this section, we will further discuss some these solutions.
· Sequence based PF 0/1 with Pi/2 BPSK
As we discussed earlier, long PUCCH formats should be considered rather than short PUCCH in coverage limited scenarios. Hence, enhancements on PUCCH format 0 should be down prioritized.
For pi/2 BPSK for sequence based PF1, the motivation is to further lower the PAPR of PF0 and PF1 to unlock more transmission power. However, based on the MPR requirements for DFT-S-OFDM based PUCCH defined in RAN4, the MPR of pi/2 BPSK modulated PUCCH is only 0.2 dB lower than QPSK modulated PUCCH. The additional Tx power unlocked by supporting pi/2 BPSK for PUCCH is marginal. Therefore, sequence based PF 0/1 with Pi/2 BPSK should be down prioritized for PUCCH coverage enhancement.
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
Similar to the discussion above, the enhancements based on short PUCCH formats, including PF2, should be down prioritized.
· UCI size reduction 
UCI size reduction maybe beneficial for PUCCH coverage due to reduced UCI size. While same solutions were also discussed in URLLC/IIOT enh items to improve reliability of the high priority HARQ-Ack. To avoid duplicated work, these solutions can be discussed URLLC/IIOT enh, and considered as low priority in coverage enhancements SI.
· PUCCH Transmit diversity scheme
The PUCCH transmit diversity have been supported for LTE. However, the PUCCH repetition would require doubled orthogonal resources if 2 Tx branches are used. Besides, the transmission diversity scheme relies on UE Tx antenna design, which may not be a common solution of UEs with different implementations on antennas. The coverage enhancement solutions are preferred not to rely on antenna configurations. Therefore, PUCCH transmit diversity scheme should be down prioritized for PUCCH coverage enhancement.
· Potential higher DMRS density for PUCCH with repetitions
As discussed in section 3.1, with DMRS bundling introduced for PUCCH repetitions, the channel estimation accuracy has been greatly improved in low SNR region. In this case, further increase the DMRS density for PUCCH repetitions seems unnecessary.
[bookmark: PP8]Proposal 9: Following solutions are down prioritized for PUCCH coverage enhancement
· Sequence based PF 0/1 with Pi/2 BPSK;
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK;
· UCI size reduction;
· PUCCH Transmit diversity scheme;
· Potential higher DMRS density for PUCCH with repetitions.
4. Conclusion
In this contribution, we discuss the potential solutions for PUCCH coverage enhancement, and have the following observations and proposals: 
Proposal 1: Solutions for PUCCH enhancement are needed for coverage enhancements.
Proposal 2: Enhancements on PUCCH should be based on long PUCCH formats.
Proposal 3: For sequence based PUCCH, DTX to Ack (false alarm) should be limited to less than 1% in evaluation, which is also considered for legacy sequence based PUCCH, i.e., PF0 and PF1.
Observation 1: The performance gain achieved by sequence based PUCCH without DMRS is marginal compare to legacy PUCCH format 3.
· If DTX to Ack is not considered in simulation, the performance gain of sequence based PUCCH would be overstated by about 3dB.
Proposal 4: It is not necessary to introduce sequence based PUCCH for UCI ≤11 bits for coverage enhancment.
Observation 2: More than 1dB performance gain can be obtained for PUCCH repetition with DMRS bundling compared to without DMRS bundling.
Proposal 5: DMRS bundling across PUCCH repetitions is benifical for PUCCH coverage enhancements.
Observation 3: DMRS bundling across PUCCH repetitions have potential specification impacts in the following aspects
· UE need to keep the same Tx power across PUCCH repetitions if DMRS bundling is configured;
· The time domain granularity should be defined for DMRS bundling;
· Potential UE behavior the coherency of PUCCH repetition is impacted by other procedures, e.g. simultaneous transmission if configured with CA.
Observation 4: PUCCH repetition mechanism defined in Rel-15 may not bring about better coverage in some TDD frame structure.
Observation 5: Performance gain of type-B PUCCH repetition is marginal if DMRS bundling is not considered.
Proposal 6: Type-B PUCCH repetition is beneficial for PUCCH coverage enhancements.
Observation 6: Potential specification impacts in the following aspects for Type-B PUCCH repetitions are observed 
· Concept of nominal PUCCH repetition and actual PUCCH repetition need be introduced;
· Segmentation rule to determine occasions for actual PUCCH repetition and the channel design including UCI and DMRS pattern need be defined for the actual PUCCH repetition 
· A reference number of REs, e.g. number of RE of nominal PUCCH repetition, is used to determine the transmission power of actual PUCCH repetition.
Observation 7: PUCCH repetition is preferred to be triggered implicitly or reusing the existing field in DCI, without introducing additional fields in DL scheduling DCI.
Observation 8: In current mechanism, the PUCCH repetition is configured on PUCCH format, and it makes dynamically indication of PUCCH repetition through PRI quite restrictive.
Proposal 7: 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 8: The PUCCH repetition number can be determined implicitly to make the UCI coding rate lower than a configured coding rate.
Observation 9: If dynamic PUCCH repetition indication is supported, potential specification impacts are observed in the following aspects
· For explicit repetition factor indication, PUCCH repetition number is configured on PUCCH resource instead of configured on PUCCH format;
· For implicit repetition factor determination, the implicit rule to determine the number of repetitions is determined based on a set of parameters, e.g. target coding rate and reference number of RBs.
Proposal 9: Following solutions are down prioritized for PUCCH coverage enhancement
· Sequence based PF 0/1 with Pi/2 BPSK;
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK;
· UCI size reduction;
· PUCCH Transmit diversity scheme;
· Potential higher DMRS density for PUCCH with repetitions.
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