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1. Introduction
In RAN#89e, there were some discussions on the handling of the overlapped objectives involving Rel-17 feMIMO, Rel-17 IIoT/URLLC, Rel-17 Coverage Enhancements and Rel-17 RedCap. Following was concluded:

	· Handling of overlapped objectives involving Rel-17 feMIMO, Rel-17 IIoT/URLLC and Rel-17 Coverage Enhancements is to be discussed in RAN#90-e.

· Note: discussion in RAN1#103-e for each of the above items is based on the respective WID or SID. In particular, PUCCH aspects under feMIMO should focus on multi-TRP only.


With the SI for Rel-17 Coverage Enhancements and Rel-17 RedCap being completed and converting to the WI phase, it is time to discuss the handling of overlapping topics to avoid the duplicated effort in the future.
2. Discussion
2.1. Overlapping discussions among feMIMO, URLLC/IIOT enh and Cov_enh
Until now, two RAN1 meetings are passed for Rel-17 URLLC/IIoT WI. Although many companies propose different schemes for PUCCH repetitions e.g. Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each sub-slot, one repetition per sub-slot) or Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a sub-slot) etc., there is no substantial progress has been achieved for PUCCH repetitions. It is noted in [1] that the scheme of sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each sub-slot, one repetition per sub-slot) got the majority support. However, concerns are raised that the proposed schemes for PUCCH repetitions are duplicated work comparing to the Rel-17 feMIMO WI and Rel-17 CovEnh SI/WI. It is more efficient to have clear guidance on how to resolve the overlapping discussions before agreeing any repetition schemes for URLLC/IIoT.
Meanwhile, in the past two RAN1 meetings, Rel-17 feMIMO WI discussed similar PUCCH repetition schemes targeting for reliability and made lots of progress as observed from the following agreements [2].
	@RAN1#102-e meeting

Agreement 

To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 

Agreement

For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  

· Alt.1: Use Rel-15 like framework

· Alt.2: Dynamic indication of the number of PUCCH repetitions 

Agreement 

Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,

· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.

· Alt.2: supporting only inter-slot repetition

· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  

· Note2: The alternatives are clarified as below,

· inter-slot repetition: One PUCCH resource carries UCI, another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .

· intra-slot repetition: One PUCCH resource carries UCI, another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 

· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams

@RAN1#103-e meeting

Agreement
For multi-TRP PUCCH transmission schemes.  

· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 

· FFS: Number of repetitions

· Further study the support (one or both) of the following schemes

· Multi-TRP intra-slot beam hopping (Scheme 2)

· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.

· FFS: More than 2 beam hopping instances per PUCCH resource.

· Multi-TRP intra-slot repetition (Scheme 3)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 

· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement
For multi-TRP PUCCH transmission schemes,

· For Scheme 1, at least PUCCH format 1/3/4 can be used. 

· FFS: Support of PUCCH format 0/2 for Scheme 1 

· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed). 

Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  

· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  

Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 

· Support the use of a single PUCCH resource 

· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE

· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  



In addition, in Coverage enhancement SI, there is also one topic for studying the PUCCH coverage enhancement schemes which includes PUCCH repetitions. Although there are no recommendations for PUCCH coverage enhancements in the end, the following techniques have been agreed to be captured in the TR in RAN1#103e [2]: 
	Agreements:

For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR
Impact to receiver: 
· gNB needs to process more than one PUCCH repetitions in a slot
· gNB needs to combine multiple repetitions with different code rates/time length

Agreements:

For dynamic PUCCH repetition factor indication, capture the following in the TR
Potential Spec impact: 
· a new PUCCH repetition signalling mechanism needs to be specified
Impact to receiver: None
Impact to UE implementation: 
· Need implement transmissions of the PUCCH repetitions based on the dynamic indicator
     [Impact to system]
· [FFS the impact to system]
Agreements: For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR

Restriction of the scheme: 
· Only applicable to UCI <=11 bits
Agreements: For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR
Potential Spec impact: 
· Nominal repetition, actual repetition, segmentation for type B PUCCH repetition, and flexible time domain resource allocation in each slot need to be specified

· Procedure to handle postpone/cancel PUCCH repetitions (including interaction with dynamic SFI) needs to be specified

· [Upper bound on UCI info bits size needs to be specified]  

· [PUSCH type B repetition specification can be leveraged]

· The issue of whether supporting type B PUCCH repetitions with different PUCCH formats was studied and three options were identified to resolve this issue:

· Option 1:  Restrict type B PUSCCH repetition applicable to actual repetitions with the same PUCCH format. 
· Option 2: Allow type B PUCCH repetition with different PUCCH formats. The procedure to handle format switch between repetitions needs to be specified. 

· Option 3: Introduce and specify PUCCH format 3/4 of length 1/2/3 OFDM symbols to support type B PUCCH repetition.  

· Power control for actual repetitions needs to be specified


By comparing above PUCCH repetition schemes discussed in URLLC/IIoT, feMIMO and Cov_enh, for sub-slot based PUCCH repetition and the dynamic indication of the repetition factors proposed in URLLC/IIoT WI, it is more aligned with the scheme 3 multi-TRP intra-slot repetition discussed in feMIMO. The motivation for such scheme between URLLC/IIoT and feMIMO is also the same, i.e., for improving the reliability and robustness for URLLC-type services. Although the sub-slot based PUCCH repetition scheme discussed in MIMO are mainly for multiple TRP, the developed solutions can take into account the applicability to a single TRP. However, some companies may have concern on extending the feMIMO WID to cover the single TRP case or the design for multiple TRP may need to be compromised for single TRP case or Rel-17 URLLC/IIoT is more suitable for single TRP considering the interaction with PUSCH related to processing time and the processing order and/or priority handling. Therefore, we are also open to consider the alternative like in Rel-16, e.g. PUCCH repetition enhancements for single TRP can be discussed in Rel-17 URLLC/IIoT WI, while mTRP specific enhancements can be further discussed in Rel-17 feMIMO WI.

For PUSCH repetition type-B like PUCCH repetition discussed in Rel-17 URLLC/IIoT, it is more aligned with the same scheme proposed in coverage enhancement SI/WI. It is also noted that in Rel-17 URLLC/IIoT, there is a larger amount of companies interested to support sub-slot based PUCCH repetition (15xYes, 5xNo, 3xFFS) compared to the PUSCH repetition type-B like PUCCH repetition (5xYes, 16xNo, 2xFFS). Therefore, if Cov_enh. WI agreed to support the PUSCH repetition type-B like PUCCH repetition, it should also be applicable to URLLC/IIoT usage. 
Proposal 1: Two alternatives can be considered for handling PUCCH repetition enhancement cross WIs: 
· Alt.1: Rel-17 feMIMO WI focuses on multiple TRP and Rel-17 URLLC/IIOT WI focuses on single TRP 
· Alt.2: 

· Rel-17 feMIMO WI focusing on TDMed PUCCH repetition should include repetitions for sub-slot PUCCH and/or short PUCCH formats for both multiple TRPs and a single TRP.

· Rel-17 Coverage enh. WI should handle the PUSCH repetition type-B like PUCCH repetition, if it is included in the WID objectives. 
2.2. Overlapping discussion between Cov_enh and RedCap
Coverage enhancement techniques are discussed in both RedCap SI under the sub-agenda item coverage recovery and Cov_enh SI. Table1 briefly summarizes the channels that need coverage enhancements/recovery for the two SIs based on RAN1#103e meeting discussions.

Table 1: Summary of channels requiring coverage enhancements/recovery

	RedCap SI
	Cov_enh. SI
	Priority for enh./recovery

	PUSCH
	PUSCH for eMBB

PUSCH for VoIP 
	High for both RedCap and Cov_enh. SIs

	PUSCH of Msg.3
	PUSCH of Msg.3
	High for both RedCap and Cov_enh. SIs

	N/A
	PRACH format B4
	Medium priority for Cov_enh. SI

	N/A
	PUCCH format 3 with 11bit 

PUCCH format 3 with 22bit 
	Medium priority for Cov_enh. SI

	N/A
	PUCCH format 1 for FR1 
	Medium priority for Cov_enh. SI

	N/A
	PRACH B4
	Medium priority for Cov_enh. SI

	Broadcast PDCCH for FR1

Note 1
	Broadcast PDCCH for FR1

Note 1
	Low priority for RedCap and Cov_enh. SI

	MSG4 PDSCH

Note 1
	N/A
	Low priority for RedCap

	Note 1: it was observed small coverage gap at low gNB PSD(24dBm/MHz) at 4GHz, but for higher gNB PSD (33dBm/MHz), no coverage enh./recovery is necessary 


As seen above, the channels that may need coverage recovery for RedCap SIs are almost covered by Cov_enh. SI. In addition, the techniques for recovering or enhancing the coverage are also largely overlapped in both Cov_enh and RedCap, which is visible from the following agreements made in RAN1#103:
	For RedCap SI

Agreements:
· Capture the following to the TR 38.875

· Coverage recovery for Msg4 PDSCH was studied from several aspects, including scaling factor for TBS determination, PDSCH repetition and the use of the lower-MCS table.
· Some techniques, such as scaling factor for TBS determination and PDSCH repetition have been studied also in the Rel-17 coverage enhancement SI
· Potential specification impacts of using the lower-MCS table for Msg4 PDSCH include

· Related signaling design
Agreements:
· Capture the following to the TR 38.875

· Coverage recovery for broadcast PDCCH (PDCCH monitored in a Type0/0A/1/2/3-PDCCH CSS) was studied from several aspects, including PDCCH repetition, compact DCI, new AL [of 12, 24 or 32], PDCCH transmission via CORESET or search space bundling, PDCCH-less mechanism for SIB1 and/or SI message
· If PDCCH repetition is supported, the potential specification impacts include
· Repetition configuration (e.g. intra-slot or inter-slot)

· DMRS design among PDCCH repetitions

· Search space design for PDCCH repetition

· If compact DCI is supported, the potential specification impacts include

· DCI format with a small payload size

· Reuse existing format by fixing some DCI bits

· If new AL is supported, the potential specification impacts include

· Mechanism for codeword generation and mapping to CCEs

· CORESET duration extension

· Related signaling design

· If PDCCH transmission via CORESET bundling is supported, the potential specification impacts include

· CORESET bundling configuration

· DMRS design among CORESET bundling

· If PDCCH-less is supported, the potential specification impacts include

· Mechanism or resource allocation for indicating scheduling information for SIB1 and/or SI message in L1 signals(s)/channels(s) other than PDCCH

· It is noted that some of the techniques may have compatibility issue if RedCap and normal UEs share the same initial DL BWP

Agreements:
· Capture the following to the TR 38.875

· Coverage recovery for PUSCH was studied from several aspects, including cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B, frequency hopping or BWP switching across a larger system bandwidth

· Some techniques, such as cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B have been studied also in the Rel-17 coverage enhancement SI

· Potential specification impacts of frequency hopping or BWP switching across a larger system bandwidth include:

· Frequency domain hopping offsets/positions

· Faster switching/RF retuning time. 

· Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.

· Transmission/reception interruption during RF retuning time

Agreements:
· Capture the following to the TR 38.875

· Coverage recovery for Msg3 was studied including repetition for Msg3 PUSCH initial and/or retransmission

· It is noted that enhancements on Msg3 PUSCH repetition have been studied also in the Rel-17 coverage enhancement SI

Agreements:
· Capture the following to the TR 38.875

· Coverage recovery for PDSCH was studied from several aspects, including the use of the lower-MCS table, larger aggregation factor for PDSCH reception, cross-slot or cross-repetition channel estimation, increasing the granularity of PRB bundling, frequency hopping or BWP switching across a larger system bandwidth.

· Some techniques, such as the lower-MCS table and larger aggregation factor for PDSCH reception are existing techniques with optional UE capability signaling

· If cross-slot or cross-repetition channel estimation for PDSCH is supported, potential specification impacts include:

· Time-domain precoder cycling and DM-RS configuration

· If hopping or BWP switching across a larger system bandwidth is supported, potential specification impacts include

· PDSCH hopping configuration

· Faster switching/RF retuning time 

· Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.

· Transmission/reception interruption during RF retuning time

· Potential specification impacts of increasing the granularity of PRB bundling include

· Related signaling design


Looking at the identified bottleneck channels and proposed techniques for both RedCap and Cov_enh. SI, PUSCH and PUSCH of Msg.3 are identified as the channels need enhancements with high priority for both SIs. The broadcast PDCCH may need coverage enhancements for gNB with low PSD (24dBm/MHz) at 4GHz for both SIs. MSG4 PDSCH may need coverage enhancements only for RedCap UEs. However, the broadcast PDCCH and MSG4 PDSCH are not identified as bottleneck channels for gNB with higher PSD (33dBm/MHz) at 4GHz for both SIs. Considering the typical gNB PSD at 4GHz should be higher for macro deployment, no coverage enhancements for the two downlink channels is also acceptable. Even if enhancements are needed, as the coverage enhancement techniques are almost same between the two SIs and the techniques for PUSCH and PDSCH coverage enhancements are also similar. To avoid the potential duplicated discussion and be more efficient, we suggest that the bottleneck channels for normal UE and RedCap UEs that need enhancement are handled together in Cov_enh WI, more details can be found in our companion contributions [3] – [4]. 
Proposal 2: 

· PUSCH and PUSCH of MSG3 are identified as bottleneck channels for both RedCap SI and Cov_enh SI, the two channels should be included in Coverage enhancement WI to specify a common solution for normal UEs and RedCap UEs.
· If coverage recovery is needed for MSG4 PDSCH and Broadcast PDCCH for RedCap UEs, the two channels can be included in Coverage WI to specify a common solution for normal UEs and RedCap UEs.  

3. Conclusion
In this paper, we discussed the handling of the overlapping discussion in current ongoing Rel-17 WI/SIs. To avoid duplicated efforts, we proposed the following. 
Proposal 1: Two alternatives can be considered for handling PUCCH repetition enhancement cross WIs: 

· Alt.1: Rel-17 feMIMO WI focuses on multiple TRP and Rel-17 URLLC/IIOT WI focuses on single TRP 
· Alt.2: 

· Rel-17 feMIMO WI focusing on TDMed PUCCH repetition should include repetitions for sub-slot PUCCH and/or short PUCCH formats for both multiple TRPs and a single TRP.

· Rel-17 Coverage enh. WI should handle the PUSCH repetition type-B like PUCCH repetition, if it is included in the WID objectives. 

Proposal 2: 

· PUSCH and PUSCH of MSG3 are identified as bottleneck channels for both RedCap SI and Cov_enh SI, the two channels should be included in Coverage enhancement WI to specify a common solution for normal UEs and RedCap UEs.
· If coverage recovery is needed for MSG4 PDSCH and Broadcast PDCCH for RedCap UEs, the two channels can be included in Coverage WI to specify a common solution for normal UEs and RedCap UEs.  
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