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Introduction
[bookmark: _Hlk53783455]In RAN#95 meeting, a new WID on NR support for dedicated spectrum less than 5MHz for FR1 [1] was agreed. The objectives include, 
	· [bookmark: _Hlk101868156]Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.


In RAN1#111, following agreements/conclusions were reached,
	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.
Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS
Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.
Note: include this agreement into the LS
Agreement 
Including following 2 questions into the LS
Question 1: RAN1’s understanding is that in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
Agreement
The Draft LS to RAN4 R1-2212898 is endorsed in principle with modified question as agreed above and all agreements and conclusions made in RAN1#111.
Agreement
Final LS to RAN4 R1-2212919 is endorsed.
Agreement
[bookmark: OLE_LINK31]For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.
Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Conclusion
[bookmark: OLE_LINK24]No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable
Agreement
Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth.
Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.
Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 
Agreement
Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified



This document summarizes the contributions submitted to RAN1#112 AI 9.16.1 on the enhancements to operate NR on dedicated spectrum less than 5 MHz. The discussions are under the following email thread in RAN1#112. 
[112-R18-FR1<5MHz] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc – Yuantao (Lenovo)
Coordination with RAN4
To be added…
Potential enhancements on signals/channels
SS/PBCH block
From RAN1#111 agreement, for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. FFS which PRBs are used and how to use the PRBs. 
With the unavailable PRBs for PBCH transmission for a <5MHz channel, the PBCH detection performance might be impacted. Quite a few contributions provide evaluations on the PBCH detection performance with unavailable PRBs, where the SNR loss of punctured PBCH (in RB level granularity) compared with full PBCH reception are provided. Besides, some contributions provide evaluations for some specific PBCH recovery solutions. The evaluation results are listed in below. 
· FutureWei observes 3dB/2.5dB/2.0dB/1.6dB/1.25dB SNR loss for 12/13/14/15/16 PRBs punctured PBCH without boosting the transmission power, while with boosting, the performance loss would be smaller (e.g., the coding loss of 0.4 dB instead of 1.4 dB for a 12 RB SSB) 
· Huawei observes ~2.5dB SNR loss for 16PRB punctured PBCH. 
· Spreadtrum observes 2.1dB/1.8 SNR loss for 15/16PRB punctured PBCH. 
· ZTE observes 2.7dB SNR loss for 15PRB punctured PBCH. 
· Vivo observes 2.21dB/2.3dB SNR loss for 15PRB punctured PBCH without power boosting for 2/3 puncturing pattern and 1/4 puncturing pattern, respectively, and 0.97/0.99dB SNR loss with power boosting. 
· Xioami observes 2.66 SNR loss for 15PRB punctured PBCH, and 0/0.2/1.92 SNR loss for PBCH remapping/PBCH rate matching/PBCH payload reduction; 0.27/2.08 SNR gain with 3dB power boosting/4-time PBCH reception. 
· NICT observe 2.8dB/3.5dB SNR loss for 16/15PRB punctured PBCH. 
· Nokia observes 5.4dB/3.2dB/2.3dB/0.9dB SNR loss, 3.2db/1.6dB/1.1dB/0.4dB MCL loss for 12PRB/14PRB/15PRB/18PRB punctured PBCH, 
· Ericsson observes ~1.75dB/~2.5dB/~3.6dB SNR loss for 15/14/12PRB punctured PBCH.
· Samsung observes ~1dB/~2dB/~3dB(?) SNR loss for 16/14/12PRB punctured PBCH. 
· Qualcomm observes around 1.7dB~2.2dB SNR loss for 16/15PRB punctured PBCH, without power boosting. With power boosting, the loss is reduced to be 0.8dB/1.0dB.
· MedieaTek observes 1.7dB to 2.6 dB SNR loss (corresponding to different puncturing patterns) for 16PRB punctured PBCH receptions without soft combining. The losses range from 1.2 to 2.55 dB when soft combining up to four receptions is performed.
If we take a rough averaging of the evaluation results, we can get ~2.3dB performance loss for 15PRB PBCH, without boosting. It is just for reference though, given that the simulation assumptions are not aligned among companies.  
To handle the PBCH detection performance loss, RAN1#111 agreed to study following options, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified
From the proposals in the contribution in this meeting, companies’ preference on PBCH coverage recovery are summarized in below,  
· FutureWei: Opt.1
· Huawei: Opt.2 (w/ spec. impact)/Opt.3/Opt.4
· Spreadtrum: Opt.2 (w/ spec. impact)/Opt.3
· ZTE: opt.3/Opt.5 (), and an additional option of PBCH DMRS sequence reduction
· Vivo: Opt.1
· NICT: Opt.1/Opt.2/diversity enhancement
· Lenovo: Opt.1/Opt.2
· Intel: Opt.1/Opt.5
· Nokia: only implementation-based solutions
· LG: Opt.1/Opt.3
· Ericsson: Opt.1/Opt.6 
· Samsung: Opt.1
· Apple: Opt.1 
· Qualcomm: Opt.1
· KT: Opt.2/Opt.3
· DOCOMO: Opt.1/Opt.2 as baseline; Opt3/Opt.4 could be considered
The supporting companies for each option are as in below, 
· Opt.1: FutureWei, vivo, NICT, Lenovo, Intel, [Nokia], LG, Ericsson, Samsung, Apple, Qualcomm, DOCOMO, [MediaTek] 
· Opt.2: Huawei, Spreadtrum, NICT, Lenovo, DOCOMO
· Opt.2-1: multiple PBCH receptions that needs standard impacts: Spreadtrum/Huawei(?)/NICT(?)
· Opt.2-2: multiple PBCH receptions without standard impacts: Lenovo, DOCOMO
· Opt.3: Huawei, Spreadtrum, ZTE, LG, KT, DOCOMO
· Opt.4: Huawei, DOCOMO
· Opt.5: Intel
· Opt.6: Ericsson.
[bookmark: OLE_LINK50]Given that Opt.4 and Opt.5 do not get much support, also given that they require changing of the PBCH encoding process (which means high standard impact), these two options are not pursed in the proposal 3.1.1-1. 
Given that opt.2(2-1, w/ standard impact) does not get much support, it is not pursed in the proposal 3.1.1-1.
Given that opt.1/opt.2(2-2, w/o standard impact)/opt.6 get much support and they all mean no standard impact from RAN1 point of view for PBCH recovery, one option is given in proposal 3.1.1-1 to cover these three options from high level.
Given that opt.3 gets much support, and it might have less standard impact than Opt.4/Opt.5 by not changing the PBCH encoding process, it is taken as another option in the proposal 3.1.1-1.
Company’s views for PBCH coverage recovery are to be collected in proposal 3.1.1-1. 

To detect PBCH, the UE might need to know which RBs are punctured (or which PRBs are available for PBCH transmission), otherwise, the UE might need blind detection of different set of PRBs, which might need higher effort on PBCH detection and thus not desired. It was agreed in RAN1#111 that RAN1 assumes that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. In this meeting, regarding how the UE knows the punctured PRBs for PBCH, companies have following views, 
· FutureWei: it is possible that RAN4 may not want to specify the puncturing pattern and let RAN1 devise appropriate mechanisms. From RAN1 perspective, if the puncturing pattern is not explicitly specified, there may be some ways for the UE to obtain the puncturing pattern before the demodulation of the MIB. 
· Vivo: Define one PBCH transmission pattern for each or all newly defined sync. raster to reduce UE’s blind detection.
· Nokia: apply one puncturing pattern for a sync raster for each band (2/3 PRBs punctured from lower/higher edge, or 3/2 PRB punctured from lower/higher edge for bands other than n100; 3/4 PRBs or 4/3 PRBs punctured for n100). 
· LG: Select one puncturing pattern and keep either PSS/SSS + lower PRBs or PSS/SSS + center PRBs, different puncturing pattern for different frequency bands.
· Ericsson: Only one puncturing pattern should be chosen as to have a fully deterministic puncturing on the 20-PRBs of SSB. 4 RBs punctured from top, 1 RB punctured from bottom are the preferred pattern. 
· KT: The available topmost or bottommost PRBs including PSS/SSS blocks are used for the SSBs
· MediaTek: Select among Option 1: gNB punctures the upper (20-N)/2 RB(s) and the lower (20-N)/2 RB(s) in PBCH; Option 2: gNB punctures the upper 20-N RB(s) in PBCH and Option 3: which RBs to be punctured by gNB are defined in specification for supported CBWs and RBs.
Based on companies’ proposals/analysis, we may firstly discuss and conclude if it is in RAN1 or RAN4 to determine the puncture pattern. Then if the task should be carried in RAN1, we could discuss in the second round. Companies’ views for this issue are to be collected in Question 3.1.1-1. 
Besides, for the number of available PRBs for PBCH transmission, it is agreed in RAN1#111 that before getting RAN4 responses, RAN1 assumes maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis. In this meeting, a few companies show preference on the number of PRBs for PBCH,  
· Ericsson: 15PRBs
· Samsung: 12PRBs
· KT: 16PRBs 
This issue might be discussed later after getting RAN4 responses on sync. raster.
In addition, some companies (e.g., KT, Samsung, Qualcomm) show concern on legacy UEs may try to camp on the dedicated spectrum and potentially decode the SSB (or vice versa). This issue might be discussed later after getting RAN4 responses on sync. raster.  

[bookmark: OLE_LINK2]First round discussion
[bookmark: OLE_LINK44]Proposal 3.1.1-1: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, in the case the transmission BW is less than 20PRB PBCH BW, select between
· Opt.1: No enhancements are needed for PBCH recovery from RAN1 point of view
· Opt.2: PBCH remapping is used for PBCH recovery
· FFS details
Note: for both opt.1 and opt.2, legacy PBCH encoding is reused.

	[bookmark: OLE_LINK52][bookmark: OLE_LINK5]Companies
	Y/N
	Opt.1 or Opt.2
	Comments

	Ericsson
	
	Opt.1
	Between those two options we prefer to continue in line with legacy, which means no specification impact and where “Multiple PBCH receptions” is up UE implementation.

	Qualcomm
	Proposal needs to be revised
	Opt. 1
	For 5MHz channel bandwidth, no SSB puncturing is needed. The motivation to limit the transmission BW < 20RBs is not clear.
For 3MHz channel bandwidth, PBCH puncturing is needed but no spec impact for PBCH compensation.

	Intel
	
	
	The proposal is not clear.
Does Opt. 1 means power boosting? If yes, we suggest using “power boosting” to align with the candidate scheme identified in RAN1 #111.
We are fine to support power boosting for PBCH. But there might be spec change. We think the PBCH EPRE should be defined.
We don’t support Opt. 2, i.e., PBCH remapping, which is big change to the PBCH structure.

	Nokia, NSB
	Y
	Opt.1
	

	ZTE
	
	Opt.2 
	First of all, it seems the proposal is under the assumption that puncturing is the default behavior for the use of the available PRBs for PBCH transmission. On top of this, it considers whether to adopt any enhancements for performance recovery. However, we don’t think the assumption is correct. In our view, the potential ways to use the available PRBs include puncturing, remapping or rate matching, among which we support remapping due to the following reasons. 
· Both puncturing and remapping have the same implementation impact and spec impact. 
· Both of them do not change the legacy PBCH coding
· Both of them need to define how to transmit/receive PBCH on the available PRBs. That is, whether is to map the PBCH coding bits assuming there were 20 PRBs for a 3MHz channel BW or directly mapping into the available resources. 
· Remapping can provide about 1.6 dB gain compared to puncturing based on our evaluation. 
Note that, remapping here means PBCH data and PBCH DMRS is mapped from the start position of available resources of the dedicated spectrum. 

	FUTUREWEI
	
	Opt 1
	We are also ok with multiple receptions, which has no spec impact. As for the power boosting, it should be clarified what the reference is for boosting. Some companies viewed the reference to 20 RBs. But with a 15 RB channel, should the EPRE based be on the smaller BW?

	Xiaomi
	
	Opt.1
	For option 1, our understanding is SSB transmission with or without puncture and multiple PBCH reception can be performed  

	DOCOMO
	Y
	Opt.1
	As summarized by FL, if we take a rough averaging of the evaluation results, we can get ~2.3dB performance loss for 15PRB PBCH, without power boosting. Since PBCH is usually not the coverage bottleneck CH, this performance loss can be recovered by gNB/UE implementation, and specification impact should be minimized as stated in the WID, we are fine to go with Opt.1.

	Spreadtrum
	
	
	For Opt.2 in the proposal, we think there are two different interpretations: 1) Mapping PBCH in additional PBCH symbols, and 2) Mapping order exchange (as mentioned in our contribution). Compared to interpretation1), 2) will not change the SSB structure, and the only spec impact is mapping order modification. As there is already a FFS under the Opt.2, it is not needed to preclude interpretation2 at this moment while the note here is try to preclude interpretation2, therefore, we suggest to delete the note.
Proposal 3.1.1-1: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, in the case the transmission BW is less than 20PRB PBCH BW, select between
· Opt.1: No enhancements are needed for PBCH recovery from RAN1 point of view
· Opt.2: PBCH remapping is used for PBCH recovery
· FFS details
Note: for both opt.1 and opt.2, legacy PBCH encoding is reused.
For the above updated proposal, we prefer Opt2.

	LGE
	
	
	As Intel commented, it is confusing what the Opt.1 really means. We prefer to keep the Opt.1 for Power boosting.
We are okay to further discuss b/w Opt.1 Power boosting, Opt.3 and Opt.6.
For Opt.1 Power boosting, depending on how the PBCH EPRE is power boosted in relation to the SSS EPRE, either it may not have any spec impact or have a minor spec impact. So it should be FFS for now.

	vivo
	
	Opt.1
	

	Samsung
	
	Opt. 1
	If the power boosting of the whole SS/PBCH block without specification impact is applied to PBCH transmission on 3MHz, it is sufficient to PBCH recovery.

	Huawei, HiSilicon
	
	
	We suggest to remove the last note for the following reasons
· If odd number 15 PRBs are the RAN4 outcome for transmission bandwidth and RAN4 or RAN1 prefers a symmetric PRB pattern to facilitate RF filtering design, which means the center frequency is the same as that of the PSS/SSS, then the new PBCH pattern in time domain has to be different from the legacy one because odd number of PRBs means the center frequency does not go through between two adjacent PRBs but the center of one PRB. In this particular case, it is not sure yet that reusing the legacy PBCH encoding is the best. We prefer to make progress on whether symmetric PBCH pattern is required or not first.
· You may use SSB structure with 14PRB PBCH. When discussing of 
· Regarding the concern that legacy UEs may try to camp on the dedicated spectrum, one simple potential solution is to adapt the channel coding rate to the determined transmission bandwidth, which has very small spec impact by replacing the current available REs of PBCH 20*12=240 REs to 15*12=180 REs. With different coding rate, the legacy UE cannot camp on the dedicated spectrum automatically. It also has advantage over the proposals addressing the concern by no additional signaling in SIB1 nor MIB.
· This is an different issue
It is not fully clear what concerns on Option 5 could be. We suggest to keep a revised Option 5 on the table for the advantage of addressing the concern of legacy UE camping. The revised Option 5 is to restrict its spec impact,
[bookmark: _Hlk128484754]Option 5:  PBCH rate matching around the punctured PRBs with only spec changes to the available number of REs for PBCH in TS 38.211.

In our understanding, it is assumed that the spec changes to which PRBs to be punctured is common to all options here and not dedicated to Option 5. 

	
	
	
	


Question 3.1.1-1: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for determining which PRBs are available (or unavailable) for PBCH transmission, do you think it is a RAN1 task or a RAN4 task? 

	Companies
	RAN1/ RAN4
	Comments

	Ericsson
	RAN1
	For RAN4 to continue with the sync-raster design, they need to know the decision in RAN1 about the punctured SSB structure. That is, the decision on how many PRBs and which PRBs will be punctured from the legacy 20-PRB SSB structure.
Once we know the answer from RAN4 on the number of PRBs that will compose the “Transmission Bandwidth,” RAN1 can determine the punctured SSB structure. 

	Qualcomm
	
	Based on RAN4 feedback on sync-raster design, the puncturing pattern can be decided by RAN1.

	Intel
	RAN1
	We think the puncturing pattern should be defined in RAN1.

	Nokia, NSB
	RAN1
	Assuming that RAN4 decides to introduce separate synch raster points for narrow BWs, RAN1 design can ensure that the UE know which PRBs are available. 

	ZTE
	
	RAN4 needs to first decide the sync-raster design and whether there is a need to support multiple puncturing patterns. After that, RAN1 can decide the exact PRBs available for the puncturing pattern(s). 

	FUTUREWEI
	
	While RAN4 is responding to our LS, they may establish the size of the SSB for the sync raster location. Due to RB alignment for the sync raster, perhaps a 14 RB SSB is needed. Further, one puncture pattern may not be sufficient as our analysis shows that the puncture pattern may vary per raster location. 

	Xiaomi
	RAN1
	RAN1 could make decision based on RAN4’s feedback on the sync-raster design

	DOCOMO
	RAN1
	RAN1 is the appropriate WG to design air interface

	Spreadtrum
	RAN1
	Based on RAN4’s sync-raster design.

	LGE
	RAN1
	Other than the number of PRBs available for SSB transmission, we think RAN1 should determine the puncturing pattern(s) for SSB transmission as it is related to other RAN1 issues such as how to indicate the punctured or new CORESET#0. 

	vivo
	
	Same view with QC

	Samsung
	RAN1
	Based on the reply LS from RAN4, RAN1 can determine the number of PRBs for punctured PBCH considering the complexity of SS/PBCH reception.

	Huawei, HiSilicon
	
	Both. We prefer RAN1 narrows it down to some candidate solutions and ask RAN4 inputs and confirmation, including the discussions on whether symmetric RF filtering for PBCH should be kept and thus symmetric PBCH pattern is needed.
Typically, RF filtering is symmetric and has the same centre frequency as PSS/SSS. A question is whether this aspect should be kept here when designing PBCH pattern.



Second round discussion
Proposal 3.1.2-1: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for PBCH, in the cases that the transmission BW is less than 20PRB, select among below options [in this meeting],
· Opt.1: PBCH based on puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits are mapped to 20PRBs based on legacy SSB structure, and those fall outside of PBCH transmission BW are punctured)
· Opt.2: PBCH remapping (i.e., PBCH encoding is based on 20 PRBs and the encoded bits are mapped to the available PRBs in the transmission BW)
· Opt.3: PBCH rate matching around the punctured PRBs with only spec changes to the available number of REs for PBCH in TS 38.211.
Note: for both opt.1 and opt.2, legacy PBCH encoding is reused.

	[bookmark: OLE_LINK10]Companies
	Preferred option
	Comments

	FL
	
	For 5MHz channel BW, seems companies have different understanding on whether need to support a transmission BW lower than 3.6MHz. This is the reason “5MHz” is deleted in the proposal.
Opt.1 is not changed. For opt.2 PBCH remapping, I added an explanation to make it clearer. Opt.3 is added back for consideration. 
From the responses, it is clear that more companies support opt.1 because of minimum impact from both standard and (gNB/UE) implementation point of view, and PBCH will not be the bottleneck channel with this option (based on evaluations in Rel.17 CE and RedCap). Therefore, it seems that simply stating one option has better performance over opt.1 would not be enough…
For all companies, given the short time unit for this AI, do you think it is good to down select one option in this meeting?


	DOCOMO
	Opt.1
	We are fine with the proposal and also fine with down selection in this meeting.
Not sure how to discuss 5MHz case to have common understanding among companies. Maybe in the next round discussion?

	Nokia, NSB 
	Opt.1 
	Given the little time left, we think the design needs to be as straight forwards as possible, while still catering for the use cases of interest. In that respect we see that Opti 1 should be the way to go. 

	Qualcomm
	Opt. 1 with refinement
	We think Opt. 1 should be PBCH RB-level puncturing.
Opt.1: PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits are mapped to 20PRBs based on legacy SSB structure, and those fall outside of PBCH max transmission BW are punctured)





[bookmark: OLE_LINK33]PDCCH CORESET
For this part, most discussions in the contributions are regarding CORESET#0. 
Regarding the configuration of CORESET#0 for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, RAN1#111 agreed to study following options,  
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Based on companies’ views in this meeting, the supporting companies for each option are summarized in below, 
· Opt.1: Spreadtrum, ZTE, LG, Ericsson, Apple, 
· Opt.2: FutureWei, Huawei, Td Tech, Xiaomi, Intel, Nokia, Samsung, Qualcomm, DOCOMO, MediaTek
Given that opt.2 gets more supporters, this option is taken by proposal 3.2.1-1 to see whether it can be agreeable. Besides, it is noted for opt.2, companies have different solutions on how to define the table. 
· Huawei: the finer offsets between SSB and CORESET#0 should be introduced
· Samsung: introduce a new table or use reserved row of the legacy Table for the configuration
· Nokia: The new CORESET#0 configuration table takes legacy configuration table as the starting point, and it indicates the puncturing pattern for 24PRB CORESET#0 and the interleaver option.
· DOCOMO: new CORESET#0 configuration table is adopted, 15 RBs and/or 16 RBs can be configured for CORESET#0 BW with either 2 or 3 OFDM symbols
These details can be discussed later if new configuration table is agreed.
Regarding the location and BW of CORESET#0 in dedicated spectrum <5MHz, 
· FutureWei: The offset between the first RB of the SSB and the first offset of CORESET#0 should be based on the first RB of the SSB containing the PSS/SSS. 
· ZTE: the CORESET#0 BW is same with the system BW.
· Intel, Lenovo, Nokia: need to discuss whether the offset between CORESET #0 and SSB is based on the punctured PBCH or the original (or non-punctured) PBCH.
· Qualcomm: RB offset is relative to the first RB of SSB after puncturing and is set to be 0.
Companies’ views on this issue are to be collected in Proposal 3.2.1-2.
Regarding CCE to REG mapping, besides whether to use interleaved or non-interleaved mapping, it also needs to discuss how REG is defined. Especially in case legacy configuration table is used, there are two following options,
· Opt.1: REGs are defined within the configured CORESET#0 resources without puncturing
· Opt.2: REGs are defined within the configured CORESET#0 resources with puncturing. 
This issue can be discussed further after CORESET#0 configuration table is determined.
Regarding PDCCH detection performance in CORESET#0 for dedicated spectrum, 
· Vivo provides a bunch of simulation results on AL=4/AL=8, interleaved and non-interleaved CCE to REG mapping, CCE level and PRB level puncturing. The evaluation results for CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER are provided in below. To check more, please check the contribution. 
· 3-1: When interleaved CCE-to-REG mapping is used, 
· For AL=4, there is 1.72Db SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.27Db SINR improvement.
· For AL=4, there is 0.65Db SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 1.32Db SINR improvement.
· For AL=8, there is 2.14Db SINR loss for PDCCH with puncturing of 3 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.15Db.
· For AL=8 there is 1.76Db SINR loss for PDCCH with puncturing of partial (2.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.18Db SINR improvement.
· 3-2: When Non-interleaved CCE-to-REG mapping is used, 
· For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is small, ~0.32Db. With power boosting, the SINR can be 1.59Db better than the PDCCH with interleaved CCE-to-REG mapping.
· For AL=8, there is small, ~0.37Db SINR loss for PDCCH with puncturing of 1 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR can be improved 1.58Db better than the PDCCH without puncturing.
· For AL=8, the SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing is marginal, ~0.06Db. With power boosting, the SINR can be improved 1.92Db better than the PDCCH without puncturing.
· Xiaomi observes more than 4.5 Db coverage loss compared with the PDCCH with 16 CCEs. 
· Nokia: Puncturing an 8-CCE PDCCH down to 5 CCEs (i.e., 15 RBs) and to 4 CCEs (i.e. 12 RBs) will cause a 0.9 Db loss and 2.0 Db loss, respectively, in MCL when compared to the non-punctured case in case of 2-symbol CORESET
· Ericsson: ~ 2.7Db with respect to a non-punctured curve in terms of SNR required to achieve 1% BLER. The percentage of punctured CCEs of a PDCCH candidate in this 2-OFDM symbol CORESET 0 example is 37.5%; ~ 2.1Db with respect to a non-punctured curve in terms of SNR required to achieve 1% BLER. The percentage of punctured CCEs of a PDCCH candidate in this 3-OFDM symbol CORESET 0 example is 31.25%.
· Qualcomm: If 16RBs are allocated to CORESET0 for BW of 3MHz with max 15RBs, 
· Compared with legacy AL=8 (assuming no puncturing and channel estimation within a REG-bundle), AL=4 with no puncturing has around 4Db loss.
· Compared with legacy Al=8, 1RB puncturing for AL=8 with channel estimation across all REGs can achieve similar performance, which is ~1Db better than 1REG-bundle puncturing for AL=8 with channel estimation within a REG-bundle.
· Compared with legacy Al=4, 1RB puncturing for AL=4 with channel estimation across all REGs only has loss of 0.63Db, which is ~1Db better than 1REG-bundle puncturing for AL=4 with channel estimation within a REG-bundle
Regarding whether/how to enhance the detection performance of PDCCH in CORESET#0 for dedicated spectrum, RAN#111 agreed to consider following options, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 
Companies’ views in this meeting are summarized in blow, 
· FutureWei: Continue examining the options for CORESET#0 and understand its impact to the connected state.
· Huawei: Opt.2/Opt.3/Opt.4
· Spreadtrum: Opt.1/Opt.2
· TD Tech: Opt.3/Opt.4
· Vivo: Opt.1/Opt.2 
· Intel: Opt.1/Opt.5
· Nokia: Opt.1/Opt.2
· LG: Opt.1/Opt.4
· Ericsson: Opt.1/Opt.6
· Samsung: Opt.6
· Apple: Opt.1, FFS on Opt.2/Opt.3
· Qualcomm: Opt.2
· DOCOMO: Opt.1/Opt.4
Companies’ view for each option is summarized in below, 
· Opt.1: Spreadtrum, vivo, Intel, Nokia, LG, Ericsson, Apple, DOCOMO
· Opt.2: Huawei, Speadtrum, vivo, Nokia, Qualcomm
· Opt.3: Huawei, TD Tech
· Opt.4: Huawei, TD Tech, LG
· Opt.5: Intel
· Opt.6: Ericsson
Given that Opt.3/opt.5 does not get much support, also they have much standard impact, they are not pursued in the proposal 3.1.1-3. 
Opt.1 and Opt.6 both all mean no standard impact from RAN1 point of view for PBCH recovery. One option in proposal 3.1.1-3 is given to cover these two from high level. 
Opt.2/Opt4 get much support and they are taken as options in proposal 3.1.1-3, respectively.
A few contributions propose to discuss how initial DL BWP is determined, e.g.,
· ZTE: the default bandwidth of the initial DL BWP can be defined as a bandwidth smaller than CORESET#0, e.g., equals to the system bandwidth. The bandwidth of the initial DL BWP can be reconfigured via SIB1 with a bandwidth smaller than that of CORESET#0.
· Intel: RAN1 to further discuss the initial DL BWP size determination, especially if puncturing is applied for CORESET #0.
This issue can be discussed later after CORESET#0 configuration is determined.
There are also discussions on whether to do RB level puncturing or REGB (CCE) level puncturing, 
· Vivo: to discuss whether to puncture one integral CCE or the partial CCE.
· Qualcomm: RB level puncturing. 
· Nokia: PDCCH puncturing with RB resolution for CORESET#0; Keep CORESET#0 aligned at the CCE level with the non-punctured RBs of the SSB
This issue can be discussed later after CORESET#0 configuration is determined.

[bookmark: OLE_LINK3]First round discussion
Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
[bookmark: OLE_LINK12]Proposal 3.2.1-1: For transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, for CORESET#0 configuration table,
· A new CORESET#0 configuration table is to be introduced for the configuration.
	Companies
	Y/N
	Comment

	Ericsson
	N
	The motivation behind a new CORESET#0 configuration table touches upon the channel bandwidth cases to be supported and/or optimizing the location of PDCCH candidates within the reduced bandwidth. 
About the channel bandwidth cases, if a 3MHz channel bandwidth is to be supported along with fully re-using the legacy 5MHz channel bandwidth case, then it does not seem be a need for a new CORESET#0 configuration table. 
On the other hand, if on top a 3MHz channel bandwidth and a legacy 5MHz channel bandwidth there were a reason to support what has been called a “sub-3MHz (i.e., 2.8MHz)” and “sub-5MHz (3.6MHz)” channel bandwidths (which needs to be discussed), then perhaps there could be a need for it, but even for those cases there seem to be ways of handling those cases using the minimum CORESET#0 configuration available in legacy (i.e., 24-PRBs). About optimizing the location of PDCCH candidates within the reduced bandwidth, we believe it can be solved by a proper configuration/scheduling.

	Qualcomm
	Y
	Ok with the direction but it is more important to consider what parameters need to be changed and indicated for CORESET0. 

	Intel
	Y
	Support the proposal

	Nokia, NSB
	Y
	Yes, but the new CORESET#0 should be based on the existing one:
· Maintain 16 indexes
· SS/PBCH block and CORESET multiplexing pattern = 1
· Number of RBs = 24
· Number of Symbols = 2 or 3
We should leverage the existing design as much as possible, and apply just puncturing to achieve narrow Tx BW for Type0_PDCCH (and other PDCCHs):
· No new CORESET#0 sizes are needed
· CORESET#0 stays as multiple of 6RBs according to the legacy.
The key motivation for defining the new CORESET#0 configuration table is to address different NR<5 MHz scenarios including different transmission bandwidth configurations (in other words, we have 16 indexes available for indicating the CORESET#0 configuration).
When designing CORESET#0 configuration table, it should be possible to use different puncturing pattern (i.e. larger Tx BW) for RRC configured search spaces associated to CORESET#0. This can be beneficial especially in the 3-5 MHz BW scenario.   
We think that we should discuss also the question when to use the new CORESET#0 table: Our related thinking is that it could be used only when PSS/SSS is detected on a new sync raster point.

	ZTE
	OK 
	Our preference is to use legacy tables but we can be ok with the majority.  

We want to highlight that, introducing a new table for CORESET#0 to fit it into the available PRBs is exactly aligned with the idea of remapping the PBCH into the available PRBs. We think PBCH performance is more important to be kept as much as possible as it also impacts the measurement/beam accuracy for all channels. That was the reason we preferred to support PBCH remapping while using legacy tables for CORESET#0.  

	FUTUREWEI
	Y
	The relationship of the SSB and first RB of CORESET#0 needs to be established. With puncturing, the first RB of the non-punctured SSB is outside the channel. There is no integer number of RBs between the first RB of the non-punctured SSB and CORESET#0. There may be different offsets, as we showed in our contribution. Secondly, it is unclear what the bandwidth of the MIB-configured initial DL BWP is (12 RBs for CORESET#0 or 15 RBs). This matters because there are paging requirements (CD-SSB and CORESET#0) from RedCap days. Further, there may be different CORESET#0 parameters for less than 5MHz (it may not be preferable to support PDCCH / PDSCH and SSB in the same slot as the size of the PDSCH may be reduced)

	Xiaomi
	Y
	We are OK with the direction. 

	DOCOMO
	Y
	If the new CORESET#0 configuration table has rows with 15 or 16 PBs, CORESET#0 is confined within the transmission BW <5 MHz, and hence, additional specification impacts such as non-interleaved CCE-to-REG mapping would not be necessary. In that sense, we support the proposal.

	Spreadtrum
	N
	We prefer to reuse the current table (13-1). With the current table, the only work is to discuss/confirm which PRBs are used for CORESET#0 transmission and/or reception, i.e., which PRBs are punctured. In addition, we can introduce new interpretations for the values in the current table, if necessary. 
Introduce a new table will lead to huge spec impacts and discussion, while the RAN1 TU for this topic is relatively small, we should keep the current spec as much as possible.

	LGE
	
	Reusing the existing CORESET#0 configuration table and with the techniques such as power boosting, we don’t think there is a strong needs to define a new CORESET#0 configuration table.

	Vivo
	
	[bookmark: OLE_LINK22]Based on the WID, we should strive for minimum specification impact without optimization. So, before discussing to introduce the new table, we should have common understanding on why current table cannot be reused for functional support?

	Samsung
	Y
	We prefer to define new CORESET#0 configuration for 3MHz, especially the number of RB for CORESET#0 which is less than the max. number of RBs for 3MHz (e.g., 12, 15,…). 
We think that the number of RBs and duration for CORESET#0 should be determined so that there is no change of the setting for CORESET#0 (e.g., CCE-to-REG mapping for CORESET#0). The maximum aggregation level can be limited to 4 when the max. number of RBs for 3MHz is less than 16PRBs, however, the performance due to the limited number of PRBs can be recovered by power boosting.

	Huawei, HiSilicon
	Y
	



Proposal 3.2.1-2: For transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, for configuring CORESET#0 location, select from
· Opt.1: The PRB offset is relative to the first PRB of the PRBs for PSS/SSS transmission
· Opt.2: The PRB offset is relative to the first PRB of the punctured SSB
· Opt.3: The PRB offset is relative to the first PRB of the non-punctured SSB
	Companies
	Y/N
	Preferred option
	Comments

	Ericsson
	
	Opt.3
	To minimize the specification impacts, both offsets “kSSB” and “Offset (RBs)” can be kept “relative to the first PRB of the non-punctured SSB” structure.
Please note that in a reduced bandwidth the legacy 20-PRB SSB structure is being used, it is just that part of it won’t be transmitted (i.e., it will be punctured).

	Qualcomm
	
	Opt. 2
	All these options are fundamentally equivalent to indicate the location mapping relationship between SSB and CORESET0, as long as the SSB puncturing pattern is determined. But the reference point of Opt.1 and Opt.3 may introduce a large range and finer granularity of offset indication, and even negative values. So, Opt. 2 is the simplest way.

	Intel
	Y
	Opt. 2
	We are open for discussion and Opt. 2 is preferred.

	 Nokia, NSB
	Y
	 Opt .2
	The low edge of the CORESET#0 can be aligned with the low edge of the punctured PBCH ( The PRB offset = 0). One benefit of that approach is that it will minimize the number of partial CCEs for PDCCH (in other words, this will ensure there is no partial CCE at the low edge of CORESET#0). 

Instead of the RB Offset, it makes sense to indicate puncturing pattern for Type0_PDCCH via the new the CORESET#0 configuration table. If the low edge is aligned with the low edge of the punctured PBCH one needs to indicate just the high edge for CORESET#0 (e.g. the number of transmitted RBs of CORESET#0).

	ZTE
	
	Opt.3 (1st preference)
	Among Opt.2 and Opt.3, we slightly prefer Opt.3 as it is more aligned with legacy. We don’t see the motativation of Opt.1. 

	FUTUREWEI
	Y
	Opt 1
	Opt 2 may work but if the puncturing pattern changes (raster location), then more entries in the table are needed. With Opt. 1, the first RB of the PSS/SSS is always present.

	DOCOMO
	
	
	This can be discussed after PBCH punctured pattern(s) is decided.

	Spreadtrum
	
	Opt.3
	Similar views as Ericsson, the punctured part is just the part of it won’t be transmitted, but reference point (the first RB of SSB) can be kept.

	LGE
	Y
	Opt.3
	Answer to this question is somehow related to the previous question.
Overall, we see that existing mechanisms (i.e., reusing the CORESET#0 configuration table and the interpretation of the PRB offset) work without a serious impact while providing minimum spec impact. So, our preference is Opt.3.

	vivo
	
	Opt.3 (1st preference)
Open for Opt.2
	

	Samsung
	
	Opt.2
	We prefer Opt.2 but open to discuss.

	
	
	
	



Proposal 3.2.1-3: For transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, for recovering PDCCH detection performance, select from
· Opt.1: No enhancements from RAN1 point of view 
· Opt.2: non-interleaving CCE to REG mapping 
· Opt.3: new aggregation level(s) for fit in the spectrum

	Companies
	Y/N
	Preferred option
	Comments

	Ericsson
	
	Opt.1
	In principle no enhancements, no significant performance loss from puncturing CORESET#0 is expected, the ultimate performance observed on CORESET#0 will depend on the puncturing applied on SSB (which should be discussed first).

	Qualcomm
	
	Opt. 2
	Opt. 3 would introduce non-negligible hardware impact.
Opt. 1 would reduce the number of useable CCEs and cannot make full use of the limited spectrum. The CORESET0 performance degradation, especially for large AL, is not negligible. 

	Intel
	
	Opt. 1
	We think Opt. 1 could be the starting point.

	Nokia, NSB
	Y
	Opt.2
	We see that support for non-interleaved CCE mapping is a low hanging fruit supported already for other CORESETs. It provides clear benefits in different NR<5MHz scenarios, such as improved coverage and better multiplexing capacity. Hence it makes sense to support it also for CORESET#0.
For Opt. 3, we see that  the pain > the gain. 

	ZTE
	
	Opt. 1 with revisions
	For Opt.1, we suggest to change it to ‘No additional enhancements from RAN1 point of view’. Because Proposal 3.2.1-1 is also an enhancement for performance recovery for CORESET0. With this, we prefer Opt.1. 

	FUTUREWEI
	Y
	
	We need to ensure both connected and idle modes work, not just initial access.

	Xiaomi
	
	
	In our understanding, whether coverage recovery is needed depends on the target to be achieved. According to our simulation results, if the coverage target is to keep similar coverage of 16 CCEs, then coverage recovery solutions are necessary. 
For option 2 and option 3, we are open for further discussion

	DOCOMO
	
	
	This proposal depends on other aspects, such as the number of PRBs for 3MHz CBW (15 or 16) and CORESET#0 configuration (reuse existing table or introduce new one). If a new configuration is introduced and it can configure a CORESET#0 with 15 or 16 PRBs, either non-interleaving or interleaving CCE to REG mapping work without any puncturing. Also, if 16 PRBs are chosen for 3MHz CBW, AL8 can be used and there would be no need to introduce new ALs. Therefore, this proposal can be discussed after such aspects become clear.

	Spreadtrum
	
	Opt.1
	Opt.1 is preferred, also open to Opt.2.

	LGE
	
	
	We think there is no significant performance loss w/o Opt.2 and Opt.3. So, Opt.1 is acceptable to us. 
However, there seems to be a need to check if there is no impact at all from the power boosting of CORESET#0.

	vivo
	
	Opt.2
	

	Samsung
	
	Opt. 1
	We think that the power boosting is enough for recovering PDCCH performance without the spec impact. But, it may depend on whether the new CORESET#0 configuration for 3MHz is introduced or not. Thus, it can be discussed later.



[bookmark: OLE_LINK20]Second round discussion

Question 3.2.2-1: For transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, for CORESET#0 configuration table, do you prefer to have different solutions for 3MHz channel BW and 5MHz channel BW, or prefer one unified solution?

	Companies
	Comments

	FL
	My understanding is that only need one unified solution, since for both 3MHz and 5MHz, there will be cases that the transmission BW is less than the legacy CORESET#0 size 24PRBs. However, it seems there are different understandings based on companies’ responses. I think maybe it is good to collect views on this issue.

	DOCOMO
	At least CORESET#0 configuration for 3MHz CBW need to be decided. After that we can discuss whether it can be reused for 5MHz CBW case, considering quite limited time allocated to this WI and divergent views on 5MHz CBW cases.

	Nokia, NSB 
	We propose to use the new table only for NR<5MHz scenarios (i.e. 3MHz and 3-5MHz scenarios, with 3 MHz and 5 MHz channel BWs, respectively). The new table would be used only when PSS/SSS is detected on a new sync raster point. 
For 5MHz scenario, it makes sense to use the existing CORESET#0 configuration table.  The legacy table is used always when PSS/SSS is detected on the legacy sync raster point. 

	Qualcomm
	What does the unified solution mean here? Does it mean the same table for the 3MHz and 5MHz CWB?




Proposal 3.2.2-1: For transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, for CORESET#0 configuration table,
· A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. No puncturing is needed.
· Opt.2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table
· Maximum number of CORESET#0 symbols is 3
· SSB and CORESET#0 multiplexing pattern 1 is used

	Companies
	Y/N
	Comments

	FL
	
	From the 1st round discussion, we have 9 companies being fine with the new configuration table, and 4 companies support to reuse legacy table. 
Some details are added for the new table.
It is FL’s understanding that even reusing the legacy configuration table, standard impacts are needed on e.g., how to determine which set of REGBs/CCEs are punctured. It is a bit hard to say the incurred standard impacts would be lower than introducing a new table. 
On the other hand, it would be good if companies support the new table can explain why legacy table cannot be reused for functional support. 

	DOCOMO
	Y in general
	But we don’t think Opt.2 is necessary for new table. Option 2 needs to decide which PRBs are punctured in addition to deciding each row, which would not be preferable according to the WID.

	Nokia, NSB 
	 
	We support Opt. 2 for NR<5MHz scenarios (i.e. 3MHz and 3-5MHz scenarios).  
We support also the three bullets. For the 2nd bullet, one could mention also the minimum number of symbols (=2). 

	Qualcomm
	
	It’s not clear what is Opt. 1 mean without puncturing? How to fit the 24RBs without puncturing into the limited spectrum. Is there any company assume the max transmission bandwidth is 24RBs for 5MHz channel bandwidth?
 For 5MHz CBW, RAN1 should decide the max transmission bandwidth. We think it should be 20RBs.
RAN4 is only discussing whether the max transmission bandwidth is 15RBs or 16RBs for 3MHz CBW, per requested by RAN1.
Before discussing Opt. 1 and Opt. 2 here, the key thing is how to determine the CCE numbers NCCE,p , used in the harshing function of PDCCH candidates. The UE will based on NCCE,p to dedice the AL, e.g., whether AL=1,2,4, 8 can be used or not. 
So, is NCCE,p only based on the number of RBs for CORESET0 in the table or based on the number of RBs after puncturing? We think the number of RBs for CORESET0 less than 24Rbs can be directly used to decide NCCE,p. If the number of RBs is larger than the max transmission bandwidth, the puncturing is still needed to fit into the restricted BW. For example, the number of allocated RBs is 16RBs and there will be NCCE,p = 8 to enable AL=8 in case of 3-symbol CORESET0, but 1RB should be punctured for transmission if max transmission BW is 15RBs.



CSI-RS/TRS
As a background, in legacy, for CSI-RS for L1-RSRP/SINR and CSI acquisition, the UE shall expect that the number of PRBs for CSI-RS fulfils . For TRS, the bandwidth of CSI-RS is the minimum of 52 and  resource blocks, or is equal to  resource blocks. For CSI-RS for RRM measurements, the CSI-RS BW is configurable among {24,48,96,192,264} PRBs.
It has been observed by companies that for 3MHz channel BW, for CSI-RS other than RRM measurements, there should be no problem to have CSI-RS fully transmitted in a BWP. 
However, for 5MHz channel BW, if the transmission BW is smaller than the channel BW, e.g., 3.6MHz, in case the BWP size is equal to the channel BW (i.e., 5MHz), then the CSI-RS BW would be 24PRBs (which means 4.32MHz). Some of CSI-RS resources fall outside of the transmission BW and cannot used for CSI-RS transmission. 
[bookmark: OLE_LINK34]To handle this issue, one solution is that UEs operating on the band (mostly band n100) support arbitrary size of BWP between 3MHz to 5MHz. As an example, for the transmission BW being 3.6MHz, if the UE can be configured with a BWP with bandwidth less than or equal to 3.6MHz, the CSI-RS could be fully transmitted within the transmission BW based on legacy principle. 
[bookmark: OLE_LINK35]In case the Ues cannot support arbitrary size of BWP (the BWP is of the channel BW only), the solution is to introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz. As an example, the BWP size could be still equal to the channel BW of 5MHz, but by configuring CSI-RS/TRS with a BW less than or equal to the transmission BW, the CSI-RS could be fully transmitted within the transmission BW. This solution is similar with that in Rel-16 TEI of introduced flexible TRS bandwidth for BWP of 52 RBs. 
[bookmark: OLE_LINK40]These two options are listed in below (based on the wording from DOCOMO’s proposal),
· [bookmark: OLE_LINK43]Opt.1: Ues operating on the bands support arbitrary size of BWP between 3MHz to 5MHz (in which case no enhancements are needed for CSI-RS other than CSI-RS for RRM measurements)
· Opt.2: introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.
The supporting companies for each option are summarized as in below,
· Opt1: Nokia, Ericsson
· Opt.2: Vivo, Qualcomm, Intel
· DOCOMO proposes to further study the two options.
Companies’ views are to be collected in proposal 3.3.1-1 for this issue.
Besides, for CSI-RS for RRM measurements, the spec. defined minimum BW of 24PRBs. Therefore, for both 3MHz channel BW and 5MHz BW with transmission BW lower than 24PRBs, some of CSI-RS resources fall outside of the transmission BW as well. 
To handle this issue, 
· [bookmark: OLE_LINK46]ZTE proposes to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20
· Nokia proposes to perform RRM measurements based on SSBs (SS-RSRP, as supported in legacy) in this case, instead of configuring CSI-RS. 
Companies’ views are to be collected in proposal 3.3.1-2 for this issue. 
First round discussion
[bookmark: OLE_LINK45]Proposal 3.3.1-1: For transmission bandwidths of <5MHz for a 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements, select between,
· Opt.1: no enhancements are needed
· Note: This may require Ues operating on the bands support arbitrary size of BWP between 3MHz to 5MHz.
· Opt.2: introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.

	Companies
	Y/N
	Opt.1 or Opt.2
	Comments

	Ericsson
	
	Opt.1
	Our current understanding is that it should be possible to configure the BWP according with the transmission bandwidth (given in terms of RBs) to be used in “LessThan5MHzFR1”. We can double check this with RAN4.

	Qualcomm
	
	Opt.2
	The UE is only required to support the BWP size equal to the CBW, which is already clear specified in FG6-1. No need to ask RAN4. So, for 5MHz channel bandwidth, the BWP is 5MHz.
	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for Pcell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell
	 
	n/a
	n/a
	n/a
	n/a
	This feature should be mandatory without capability signalling for at least BWPs which is the same as the set of specified channel BW
 
UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	Mandatory without capability signalling

	
	
	
	
	
	
	
	
	
	
	




	Intel
	
	Opt 2
	The wording “arbitrary size” is a bit confusing. It could mean that any value, for example, from 16 RBs to 24 RBs, will be supported, which should not be the case. We think some specific values, e.g., 16RBs/20RBs, should be sufficient.
We are open for discussion.

	Nokia, NSB
	Y
	Opt.1
	We share the same view as Ericsson

	ZTE
	
	
	We guess RAN1 anyway needs to define a UE capability. What matters is whether it is part of the basic UE feature for support of transmission BW <5MHz or a separate UE capability. Our preference is to include it in the basic UE feature. Anyway, we think this proposal can be discussed during UE feature session. 

	FUTUREWEI
	
	
	Arbitrary size is unclear. Perhaps a listing of values is needed.

	DOCOMO
	Y
	Opt.1
	If UE/chipset venders are fine with Opt.1, it is more flexible than Opt.2 and thus our preferred option. However, if Opt.1 is difficult to implement, we can live with Opt.2.

	LGE
	
	Opt.1
	Share the view with Ericsson and Nokia. 

	vivo
	
	Opt.2
	

	Huawei, HiSilicon
	
	Opt.1
	For the description quoted by Qualcomm, it says “at least” BWPs. Therefore, it does not mean that a UE is only required to support CBW, which has been discussed for long time since Rel-15. Similar views as Ericsson and Nokia, more RAN4 inputs seems helpful if RAN1 reopens the discussion for it.



[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 3.3.1-2: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for CSI-RS for RRM measurements, select between,
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements 
	[bookmark: OLE_LINK49]Companies
	Y/N
	Opt.1 or Opt.2
	Comments

	Ericsson
	N (See comment)
	
	To us, the question above touches upon RAN4 RRM requirements. It is preferred that RAN4 be the one taking any decision around it.

	Qualcomm
	
	Opt. 1 or Opt. 2 subject to UE capability
	RAN4 RRM requirement is based on SSB. Whether to configure the CSI-RS for RRM measurement will not have RAN4 impact. 
We are fine to consider Opt. 1 or Opt. 2 based on UE capability. 

	Intel
	
	
	Open for discussion.

	Nokia, NSB
	Y
	Opt.2
	It is also fine to leave this for RAN4 to decide.

	ZTE
	Y
	Opt.1
	It’s better not to limit RRM measurements to be based on SSB only, which is apparently not flexible as CRS-RS. We are also ok with Qualcomm’s suggestion to leave to UE capability. 

	FUTUREWEI
	
	
	Open to discussion 

	DOCOMO
	Y
	Opt.2
	Given specification impact should be minimum for this WI, Opt.2 would be enough for RRM measurements.

	LGE
	Y
	Opt.1
	Open for further discussion.

	vivo
	
	
	We share QC’s views. 




Second round discussion

Proposal 3.3.2-1: For transmission bandwidths of <5MHz for 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements and for TRS, select between,
· Opt.1: no enhancements are needed
· Note: This may require UEs operating on the bands support arbitrary size of BWP between 3MHz to 5MHz. Double check this with RAN4 is needed. 
· Opt.2: introduce a UE capability to indicate whether the UE supports an additional set of CSI-RS/TRS size between 3MHz to 5MHz.

	[bookmark: OLE_LINK13][bookmark: OLE_LINK9]Companies
	Opt.1 or Opt.2
	Comments

	FL
	
	[bookmark: OLE_LINK11]Companies may have different understanding on whether an NR UE can support flexible size BWP (for UE implementation, not from signalling) without capability signalling. We may need some time to make it clear by checking the spec., but the understanding is that no one wants to reopen the discussion for it. What has been specified (or commonly agreed) should be taken as the baseline for discussing whether CSI-RS needs to be enhanced. 
Given this, I suggest we may live with this proposal for now (with the note deleted) and make down selection later after the issue gets clear. Please provide your view, thanks. 

	DOCOMO
	
	It is true that RAN1 does not have common understanding whether UE can support arbitrary BWP size by Rel-17. Without reopen the discussion, here we can discuss whether UE supporting the access to the spectrum concerned in this Rel-18 WI can support arbitrary BWP size as basic UE capability. Even if it is decided as basic UE capability, it is only applicable to this WI and nothing will change for Rel-15 to 17.

	Nokia, NSB
	
	We are open to consider both options and select that one with less UE impact. 



[bookmark: OLE_LINK21]Proposal 4-3: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for CSI-RS for RRM measurements, select between following option are considered,
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements 

	[bookmark: OLE_LINK8]Companies
	Opt.1 or Opt.2
	Comments

	FL
	
	Given that some companies think opt.1 or opt.2 can be used based on UE capability, I updated wording from “select between” to “following options are considered”. 

	DOCOMO
	
	Not sure what the proposal means. Will both options be further discussed (including the possibility of down selection) or will both options be supported as UE capability?

	Nokia, NSB
	
	In our view it is enough to rely on SSBs for RRM in these narrowband scenarios.




[bookmark: OLE_LINK32]PUCCH
It was concluded in RAN1#111 that no enhancements for the PUCCH are needed but there was an FFS about the necessity for PUCCH FH disabling. The concern is that in case the UEs support only the initial UL BWP with BW same with the channel BW (e.g., 5MHz), when the transmission BW (e.g., 3.6MHz) is less than the channel BW, a PUCCH hop might be fall outside of the transmission BW. In case the UE operating on the bands supports an arbitrary size of initial UL BWP, then the PUCCH hops can be always within the transmission BW.
The discussion is mostly for PUCCH for Msg4 HARQ-ACK feedback during initial access, in which case the FH is by default enabled. On the other hand, Rel.17 RedCap introduced FH disabling for Msg4 HARQ-ACK feedback to mainly mitigate PUSCH resource fragmentation. For HARQ-ACK feedback for connected mode, the spec. supports flexible enabling/disabling FH through configuration. 
Given that, and similar with the discussion in CSI-RS/TRS, two options are listed in below for PUCCH FH disabling (based on the wording from DOCOMO’s proposal),
· [bookmark: OLE_LINK41]Opt.1: UEs operating on the bands support arbitrary size of initial UL BWP between 3MHz to 5MHz (in which case PUCCH hops are always within the transmission BW), and PUCCH FH is always enabled as in legacy. 
· Opt.2: Disable FH for common PUCCH configuration.
The supporting companies for each option summarized in blew: 
· Opt.1: Ericsson, [ZTE]
· Opt.2: FutureWei, Huawei, Spreadtrum, Xiaomi, NICT, Nokia, LG, Qualcomm.
Companies’ views are to be collected in proposal 3.4.1-1. 

First round discussion
Proposal 3.4.1-1: For transmission bandwidths of <5MHz for a 5MHz channel bandwidth, for PUCCH during initial access, select between,
· Opt.1: PUCCH FH is always enabled. 
· Note: this may require UEs operating on the bands support arbitrary size of initial UL BWP between 3MHz to 5MHz (in which case PUCCH hops are always within the transmission BW)
· Opt.2: Disable FH.
	Companies
	Y/N
	Opt.1 or Opt.2
	Comments

	Ericsson
	
	Opt.1
	Since “no necessity” for disabling Frequency Hoping (FH) was found, we prefer preserving legacy procedures.
About the note, our current understanding is that it should be possible to configure the BWP according with the transmission bandwidth (given in terms of RBs) to be used in “LessThan5MHzFR1”. We can double check this with RAN4.

	Qualcomm
	
	Opt. 2
	It is needed because of BWP=5MHz for 5MHz channel bandwidth.

	Intel
	
	
	Open for discussion.

	Nokia, NSB
	Y
	Opt.2.
	The gNB should be able to enable/disable the PUCCH FH by configuration (so up to gNB to enable/disable)

	ZTE
	
	Opt.1
	Share similar view with Ericsson. 

	FUTUREWEI
	Y
	Opt.2
	Similar comment as Nokia

	Xiaomi
	
	Option 2
	

	DOCOMO
	Y
	Opt.1
	Given specification impact should be minimum for this WI, Opt.1 would be better since it does not have any specification impacts.

	Spreadtrum
	
	Opt.2
	“Disable FH” is configurable.

	LGE
	Y
	Opt.2
	In addition to the use case mentioned by Qualcomm, we think disabling the PUCCH FH is useful in such a small transmission bandwidth for network flexibility.

	vivo
	
	Opt.2
	



Second round discussion

Proposal 3.4.2-1: For transmission bandwidths of <5MHz for [3MHz] and 5MHz channel bandwidth, for PUCCH during initial access, select between,
· Opt.1: PUCCH FH is always enabled. 
· Note: this may require UEs operating on the bands support arbitrary size of initial UL BWP between 3MHz to 5MHz (in which case PUCCH hops are always within the transmission BW). Double check this with RAN4 is needed. 
· Opt.2: PUCCH FH is enabled/disabled based on configuration.

	Companies
	Opt.1 or Opt.2
	Comments

	FL
	
	Similar in CSI-RS discussion, this proposal is updated with the “Note” deleted. 
Besides, I add [3MHz] in the main bullet. However, for 3MHz channel BW, PUCCH hops will not be fall outside of the transmission BW (which is different with 5MHz case). Please companies provide if we need to discuss 3MHz and 5MHz separately for this issue. 

	DOCOMO
	
	Regarding 3MHz CBW, we don’t think any enhancement is necessary. In 3MHz CBW, initial UL BWP can be configured with 3MHz and PUCCH FHs are within the CBW.
Regarding the note, It is true that RAN1 does not have common understanding whether UE can support arbitrary BWP size by Rel-17. Without reopen the discussion, here we can discuss whether UE supporting the access to the spectrum concerned in this Rel-18 WI can support arbitrary BWP size as basic UE capability. Even if it is decided as basic UE capability, it is only applicable to this WI and nothing will change for Rel-15 to 17.

	Nokia, NSB
	
	To alleviate concerns related to UE supporting an UL BWP of arbitrary size, we think option 2 is a safe choice. We note that the similar solution is already in place in RedCap, and therefor its introduction should be straight forward.

	Qualcomm
	
	For 5MHz CBW, the existing BWP=24RBs for 5MHz CBW is reused. The PUCCH FH is within the BWP but will be out of the max transmission BW, e.g., 20RBs. So, the PUCCH FH should be disabled. The configuration is not needed. 
For the new 3MHz CBW, we assume a new BWP size equal to the max transmission BW will be defined, e.g., BWP=15RBs.  The PUCCH FH based on the current spec can be within the BWP. But it is also ok to disable the PUCCH FH considering not much FH gain in the limited narrowband. 




Others
It was concluded in RAN1#111 that no enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. However, Qualcomm observes that for long PRACH format, it would be beneficial to support up to 3 FDMed PRACH occasions within 20PRBs to improve the UL capacity for initial access. Currently only 1/2/4/8 FDMed PRACH occasions are supported.
Question 3.5-1: Do you agree to introduce 3-FDMed PRACH occasions with 20PRBs?
	Companies
	Y/N
	Comment

	Ericsson
	
	We prefer to stay in line with the conclusion reached in RAN1#111.

	Qualcomm
	Yes
	The narrowband initial access capacity is very limited. This change only adds RRC configuration to increase scheduling flexibility but does not have any implementation impact. 

	Intel
	
	Same view as Ericsson.

	Nokia, NSB
	N
	We are not convinced that PRACH capacity is an issue on below 5MHz spectrum

	ZTE
	N
	Similar views as other companies. 

	DOCOMO
	N
	Given specification impact should be minimum for this WI, we don’t think this enhancement is necessary.

	Spreadtrum
	
	Same view as Ericsson.

	LGE
	
	Share the view with Ericsson.

	vivo
	N
	Share with Ericsson’s views. 

	Huawei, HiSilicon
	
	It should be deprioritized now because 3 FDMed PRACH occasions requires 18-PRB transmission bandwidth which is pending on RAN4 discussions now. Additionally, it is agreed last meeting only 15 or 16 PRBs are assumed in RAN1 now. 

	Qualcomm
	
	RAN4 is only discussing the max transmission bandwidth for 3MHz CBW, per requested by RAN1.
For 5MHz CBW, RAN1 should decide the max transmission bandwidth. We think it should be 20RBs, where the 3-FDM ed PARCH occasions can be fit.



Question 3.5-2: Any other aspects need to be discussed? 
	Company
	Comment

	Ericsson
	We suggest prioritizing the design for the 3MHz channel bandwidth, starting with SSB discussions on puncturing (the decisions on it impact the discussion on CORESET#0). Then we can discuss the necessity or not of supporting what has been called “sub-3MHz (i.e., 2.8MHz)” and “sub-5MHz (i.e., 3.6MHz)” channel bandwidths since depending on the outcome, it may take us back to discuss some other puncturing applied on SSB (and hence more discussions on CORESET#0). 

	Qualcomm
	Legacy UEs cannot access the dedicated spectrum with less than 5MHz, which is clear according to WID. Even if new sync raster points are different for legacy SSB and SSB for dedicated spectrum, it may not be 100% accurate for UEs with large frequency offset. RAN1 needs to consider how to early indicate legacy UEs ignore the cells to avoid unnecessary power consumption of detecting CORESET0 and to be not allowed to access to the cell by sending PRACH.

	Spreadtrum
	We think at least R18 eRedCap can optionally support <5MHz dedicated spectrum.
Operate NR on <5MHz dedicated spectrum would enable several esstial applications, e.g., parallel operation of Future Railway Mobile Communication System and GSM-R, massive infrastructure reuse and Public Protection and Disaster Relief and so on. RedCap is quite suitable to access such a spectrum to support vertical use cases. 

	LGE
	Another issue that we would like to discuss is that the frequency occupation of common PUCCH resource sets seems too much considering the max Tx BW for the dedicated spectrum less than 5 MHz. Assuming max Tx BW of 15 PRBs for ~ 3MHz channel BW, the frequency of occupation of common PUCCH resource sets ranges from 26.7% to 53.3% depending on the number of PRBs for PUCCH transmission which is one of 4, 6, or 8 PRBs. In our view, reducing the frequency occupation of PRBs for PUCCH transmission would be useful for efficient use of the spectrum less than 5 MHz. For enhancements in this aspect, techniques such as halving the number of PUCCH resources per PUCCH resource set, increasing multiplexing capacity in code domain (OCC) or time domain (TDM) can be considered.

	Huawei, HiSilicon
	Regarding the concern that legacy UEs may try to camp on the dedicated spectrum, as commented before, one simple potential solution is to adapt the channel coding rate to the determined transmission bandwidth, which has very small spec impact by replacing the current available REs of PBCH 20*12=240 REs to 15*12=180 REs. With different coding rate, the legacy UE cannot camp on the dedicated spectrum.

	
	



Proposals for online discussion

CORESET:
Proposal 1: For transmission bandwidth[s] <5 MHz for 3MHz and 5MHz channel bandwidth, for CORESET#0 configuration table, in the case[s] that the max. transmission BW available PRBs for CORESET#0 is less than 24PRBs, 
· Opt.1: Legacy CORESET configuration table is reused
· FFS whether/how to use the (only one) reserved entry for the configuration.  
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. No puncturing is needed.
· Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used

CSI-RS:
Proposal 2: For transmission bandwidths of <5MHz for 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements and for TRS, select between,
· Opt.1: no enhancements are needed
· Note: This may require UEs operating on the bands support arbitrary size of BWP between 3MHz to 5MHz. Double check this with RAN4 is needed. 
· Opt.2: introduce a UE capability to indicate whether the UE supports an additional set of CSI-RS/TRS size between 3MHz to 5MHz.

Proposal 3: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for CSI-RS for RRM measurements, select between following option are considered,
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements 

PUCCH:
Proposal 4: For PUCCH during initial access for 3MHz channel BW and 5MHz channel BW, 
· Opt.1: FH is always enabled as in legacy.
· Opt.2: FH is always disabled
· Opt.3: FH is enabled/disabled based on configuration 


Proposals for offline discussion

[bookmark: OLE_LINK26][bookmark: OLE_LINK37]PBCH:
[bookmark: OLE_LINK29]Proposal 1: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for PBCH, in the cases that the max. transmission BW is less than 20PRB, select among below options in this RAN1 meeting,
· Opt.1: PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs  for PBCH transmission PBCH/max. transmission BW are punctured)
· Opt.2: PBCH remapping (i.e., PBCH encoding is based on 20 PRBs and the encoded bits are mapped to the available PRBs for PBCH transmission)
· Opt.3: PBCH rate matching around the punctured PRBs with only spec changes to the available number of REs for PBCH in TS 38.211.
Note: for both opt.1 and opt.2, legacy PBCH encoding is reused.

CORESET:
Proposal 2: For transmission bandwidth[s] <5 MHz for 3MHz and 5MHz channel bandwidth, for CORESET#0 configuration table, in the case[s] that the max. transmission BW is less than 24PRBs, 
· Opt.1: Legacy CORESET configuration table is reused
· FFS whether/how to use the (only one) reserved entry for the configuration.  
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. No puncturing is needed.
· Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
Max. transmission BW:
Conclusion: For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following 
· [bookmark: OLE_LINK38]For 5MHz channel BW, the allowed transmission BW(s) for physical channels between 3MHz and 5MHz.
· For 3MHz channel BW, the allowed transmission BW(s) for physical channels between 2MHz and 3MHz 

CSI-RS:
Proposal 4: For transmission bandwidths of <5MHz for 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements and for TRS, select between,
· Opt.1: no enhancements are needed
· Note: This may require UEs operating on the bands support arbitrary size of BWP between 3MHz to 5MHz. Double check this with RAN4 is needed. 
· Opt.2: introduce a UE capability to indicate whether the UE supports an additional set of CSI-RS/TRS size between 3MHz to 5MHz.

Proposal 5: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for CSI-RS for RRM measurements, select between following option are considered,
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements 

PUCCH:
Proposal : For PUCCH during initial access for 3MHz channel BW and 5MHz channel BW, 
· Opt.1: FH is always enabled as in legacy.
· Opt.2: FH is always disabled
· Opt.3: FH is enabled/disabled based on configuration 

Proposal 6: For transmission bandwidths of <5MHz for 5MHz channel bandwidth, for PUCCH during initial access, select between,
· Opt.1: PUCCH FH is always enabled. 
· Note: this may require UEs operating on the bands support arbitrary size of initial UL BWP between 3MHz to 5MHz (in which case PUCCH hops are always within the transmission BW). Double check this with RAN4 is needed. 
· Opt.2: PUCCH FH is enabled/disabled based on configuration.

Agreements

Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM 

Agreement 
· For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following and RAN plenary guidance,
· For 5MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz up to below 5 MHz. What is the recommended transmission BW(s) to consider?
· For 3MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz. What is the recommended transmission BW(s) to consider?
· No intention to change the WID scope and TU

Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed
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Appendix
Companies’ observations and proposals are listed here for reference
	Company
	Observations and proposals 

	FUTUREWEI
	[bookmark: OLE_LINK19]Observation 1. The analysis used for the 3 MHz channels may also apply to some 5 MHz channels.
Observation 2: For the less than 5 MHz channel, there may be approaches to indicate the puncturing pattern in RAN1 if RAN4 is unable to specify the puncturing pattern
Proposal 1. Keep the FFS “which PRBs are used and how to use the PRBs” in the agreement about the “subset of PRBs of 20-PRB PBCH are used for PBCH transmission”
Proposal 2: For the less than 5 MHz channels, the offset between the first RB of the SSB and the first offset of CORESET#0 should be based on the first RB of the SSB containing the PSS/SSS and should include the values of 0, 1, 2, and 3.
Proposal 3: For the less than 5 MHz channels, select Opt. 2 “A new CORESET#0 configuration table is to be introduced”
Proposal 4: For less than 5 MHz channels, update the relationship of multiplexing pattern 1 for punctured SSBs.
Observation 3: Applying power boosting to smaller size SSB mitigates the coding loss compared to a 15 RB SSB.
Proposal 5. Continue examining the options for CORESET#0 and understand its impact to the connected state.
Proposal 6: RAN1 examines how to receive SIB1 reliably with less than 5 MHz channels
Proposal 7: Support the disabling of frequency hopping for PUCCH for both idle and connected states.


	Huawei, HiSilicon
	Observation 1: For all indexes in existing tables, only one PDCCH candidate can be fully transmitted.
Observation 2: For the 3MHz dedicated spectrum, the offset values defined in the existing table 13-1 of TS 38.213 seems not able to cover all potential offsets.  
Proposal 1: Study how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options can be considered.
Opt.2: Multiple PBCH receptions 
FFS PBCH mapping pattern.
Opt.3: PBCH remapping
Opt.4: PBCH payload reduction
Proposal 2: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, the following option can be considered, 
Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Finer offset values should be introduced in this table. 
FFS The offset value(s).
Proposal 3: Study how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
Opt.2: Non-interleaved CCE-to-REG mapping
Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
FFS details of interleaver parameters
Opt.4: New aggregation level(s) for fit in the spectrum
Proposal 4:  Disabling PUCCH frequency hopping for MHz transmission bandwidths of <5 MHz can be supported.


	Spreadtrum
	Observations
Observation 1 Puncturing of PBCH will lead to around 2.1/1.8 dB coverage loss for 15/16RBs at a 1% BLER target for 3 MHz channel BW.
Proposal 1: To recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel BW, option 2 (i.e., Multiple PBCH receptions) and/or option 3 (i.e., PBCH remapping) are adopted.
If option 2 is adopted, the issue of how to enable soft combine for PBCH should be considered.
If option 3 is adopted, Alt 2 (i.e., mapping order exchange) should be considered.
Proposal 2: For CORESET#0 configuration, option 1 is adopted, i.e., existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused
Proposal 3: Opt.1 and/or Opt.2 can be considered as the candidate solution(s) to recover CORESET#0 detection performance.
Proposal 4: RAN1 to support disabling PUCCH frequency hopping for dedicated spectrum.
Proposal 5: R18 eRedCap can optionally support <5MHz dedicated spectrum.


	Td Tech
	Proposal 1: The transmission bandwidth of PBCH shall be configured within the transmission bandwidth configuration for channel bandwidth of 3MHz.
Proposal 2: The transmission bandwidth configuration for channel bandwidth of 3MHz is set as 15 RBs.
Proposal 3: The SSB block for dedicated spectrum less than 5MHz is set as shown in Table 1.
Proposal 4: A new CORESET#0 configuration table is introduced for configuring CORESET#0 within the transmission bandwidth configuration for channel bandwidth of 3MHz.
Proposal 5: The PDCCH of CORESET#0 can be redesigned in the following aspects.
New aggregation level(s) for PDCCH
A new interleaver for PDCCH

	ZTE
	Transmission bandwidth
Observation 1: For preserving 10~14 GSM-R carriers, the transmission BWs available for FRMCS are diversified. 
Proposal 1: For dedicated spectrum less than 5 MHz system, more than one transmission BWs should be defined for a same channel BW.
PBCH reception
Observation 2: For PBCH power boosting, there will be an inconsistency on measurement, e.g., SS-RSRP, between the value obtained from measuring PBCH DMRS and that obtained from measuring SSS during neighbor cell measurement. 
Observation 3: Multiple PBCH receptions as a legacy method cannot recover PBCH detection performance to legacy level. 
Observation 4: Remapping PBCH data and PBCH DMRS from the start position of available resources within the transmission BW only (i.e., rate matching without changing the coding procedure) can provide 1.6 dB gain over using puncturing, while has minimized specification impact. 
Observation 5: Option 4 (PBCH payload reduction) has large specification impact and the performance gain is unclear depending on number of bits reduced.  
Observation 6: Option 5 (rate matching with changing the coding procedure) can provide similar performance gain as remapping (Alt2) and the same specification impact as puncturing.  
Observation 7: Reducing the number of DMRS sequences can improve the PBCH reception performance by at most 4.4 dB.
Proposal 2: At least one of the options should be considered for recovering the PBCH detection performance for transmission bandwidths of <5MHz. 
Remapping PBCH data and PBCH DMRS from the start position of available resources of dedicated spectrum
PBCH rate matching around the punctured PRBs
Reducing the number of PBCH DMRS sequences
Proposal 3: At least part of timing information indicated by DMRS sequences in current NR can be indicated by PBCH payload or MIB, if PBCH DMRS sequences reduction is supported in dedicated spectrum less than 5 MHz system. 
PDCCH decoding
Proposal 4: Existing configuration table for CORESET#0 should be reused for CORESET#0 under dedicated spectrum less than 5MHz, the UE could determine the frequency location and BW of the CORESET#0 from the determined system BW once SSB is detected. 
Observation 8: Under the existing CORESET configuration manner, the maximum supported aggregation level can only be 4, which may lead to shortage of PDCCH coverage.
Proposal 5: To further discuss the potential schemes to minimize the PDCCH decoding performance degradation due to resource constraints of CORESET configuration.
Definition of initial DL BWP
Proposal 6: The following definition of initial DL BWP can be considered if the bandwidth of CORESET#0 is larger than system bandwidth, 
the default bandwidth of the initial DL BWP can be defined as a bandwidth smaller than CORESET#0, e.g., equals to the system bandwidth.
the bandwidth of the initial DL BWP can be reconfigured via SIB1 with a bandwidth smaller than that of CORESET#0.
CSI-RS for RRM
Proposal 7: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20. 
PUCCH
Observation 9: This is an unnecessary restriction for gNB to always disable the PUCCH FH function. 


	vivo
	Observations
Observation 1: For bandwidth < 5MHz, to achieve 1% BLER, without power boosting, there is around 2dB SINR loss for PBCH with puncturing of 5RB compared to the PBCH without puncturing. With power boosting, the SINR loss can be minimized to less than 1dB.
Observation 2: For CORESET#0 with the configuration of 2 symbols and 24 RBs, to achieve the 1% BLER, 
2-1: When interleaved CCE-to-REG mapping is used, 
For AL=4, there is 2.12dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.17dB.
For AL=8, there is 2.47dB SINR loss for PDCCH with puncturing of 4 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.51dB.
2-2: When Non-interleaved CCE-to-REG mapping is used, 
For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is marginal, ~0.15dB. With power boosting, the SINR can be 1.8dB better than the PDCCH with interleaved CCE-to-REG mapping.
For AL=8, there is 2.43dB SINR loss for PDCCH with puncturing of 4 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.47dB.
2-3: For BW of 3MHz,
In case of AL=4, with power boosting, CORESET#0 with non-interleaved CCE-to-REG mapping outperforms CORESET#0 with interleaved CCE-to-REG mapping; 
In case of AL=8, the CORESET#0 performance is similar for the non-interleaved CCE-to-REG mapping and interleaved CCE-to-REG mapping since the number of punctured CCEs is same. 

Observation 3: For CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER, 
3-1: When interleaved CCE-to-REG mapping is used, 
For AL=4, there is 1.72dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.27dB SINR improvement.
For AL=4, there is 0.65dB SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 1.32dB SINR improvement.
For AL=8, there is 2.14dB SINR loss for PDCCH with puncturing of 3 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.15dB.
For AL=8 there is 1.76dB SINR loss for PDCCH with puncturing of partial (2.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.18dB SINR improvement.
3-2: When Non-interleaved CCE-to-REG mapping is used, 
For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is small, ~0.32dB. With power boosting, the SINR can be 1.59dB better than the PDCCH with interleaved CCE-to-REG mapping.
For AL=8, there is small, ~0.37dB SINR loss for PDCCH with puncturing of 1 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR can be improved 1.58dB better than the PDCCH without puncturing.
For AL=8, the SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing is marginal, ~0.06dB. With power boosting, the SINR can be improved 1.92dB better than the PDCCH without puncturing.
Observation 4: 
If it is feasible for UE to implement any size of initial UL BWP, no issue is found for MSG3 and common PUCCH for MSG4 HARQ-ACK feedback with FH. 
Otherwise, to prevent the UE transmits MSG3 and common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
For MSG3, FH can be disabled by setting the value of frequency hopping flag field as 0 in the RAR grant.
For common PUCCH, FH can be disabled by SIB1 based on the Rel-17 RedCap mechanism. 
Proposals
Proposal 1: Define one PBCH transmission pattern for each or all newly defined sync. raster to reduce UE’s blind detection.
Proposal 2: Power boosting can be used to recover PBCH detection performance for transmission bandwidths of <5MHz for the dedicated spectrum. No specification impact is needed.
Proposal 3: For bandwidth < 5MHz, in case the partial CCE is available, further discuss is needed on whether to puncture one integral CCE or the partial CCE. 
FFS UE behavior for channel estimation in case partial CCE is punctured. 
Proposal 4: If PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth is needed, following options should be supported:
Opt.1: Power boosting 
Opt.2: Non-interleaved CCE-to-REG mapping

Proposal 5: It is necessary to ask RAN4’s feedback on the feasibility for the UE to support the BWP size with any PRB number from implementation perspective. 
Proposal 6:  Define TRS bandwidth sizes of 12, 16, 20, 24 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
Rel-16 TEI of introduced flexible TRS bandwidth for BWP of 52 RBs can be the starting point. 


	Xiaomi
	Observation 1: Compared with the PDCCH with 16 CCEs, more than 4.5 dB coverage loss is observed no matter based on existing CORESET#0 configuration table or new CORESET#0 configuration 
Observation 2: From the perspective of coverage, using existing CORESET#0 and using new CORESET#0 configuration achieve similar performance.
Observation 3: If using existing CORESET#0 configuration, significant specification impact is observed 
Observation 4:  Around 3 dB performance loss is observed compared with reference case with one shot transmission 
Observation 5: Option 1, Option 2 and Option 4 (22 info.bits+16 CRC bits) achieve similar performance compared with the reference case with one shot transmission 
Observation 6:  The required standardization effort is little in Option 1 and Option 2 

Proposal 1 : Before decide whether coverage recovery is needed for PDCCH, discuss the coverage target to be achieved first
Proposal 2: If new CORESET#0 configuration is supported, consider the configurations which make full use of spectrum resource. And the existing CORESET#0 requirement (e.g., the number of PRBs for CORESET should be integer multiples of 6) is not necessary to follow 
Proposal 3: Support new CORESET#0 configuration 
Proposal 4: Before decide whether coverage recovery is needed for PBCH, discuss the coverage target to be achieved first
Proposal 5: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 


	NICT
	Observation 1:
For PUCCH transmission, FH can be configured within a bandwidth of 3 MHz.
Observation 2:
FH can be turned off for PUCCH transmission (introduced in Rel-17 RedCap).
Proposal 1:
The puncture PBCH method is acceptable in a channel bandwidth of around 3 MHz. To keep coverage, power boosting, multiple PBCH reception, and diversity enhancement should be considered.
Proposal 2:
For PUCCH transmission within a channel BW of 3 MHz, coverage compensation methods such as power boosting, repetition, and transmit diversity should be discussed, because the frequency diversity effect is decreased in a narrow band PUCCH transmission regardless of the use of FH.


	Lenovo
	Observation 1: The PBCH transmission BW for <5MHz channel might be dependent on whether/how RAN4 design the finer sync. raster.  
Observation 2: The PBCH with puncturing might not be the bottleneck based on the experience of Rel.17 RedCap evaluation. 
Proposal 1: For <5MHz channel, legacy PBCH transmitter side operations are reused, and those symbols fall outside of the PBCH transmission BW are simply punctured. No enhancements are necessary for PBCH from standard point of view.
Observation 3: Three options are identified for CORESET#0 configuration and CCE to REG mapping for <5MHz channel, 
Opt. 1: Legacy CORESET#0 configuration table is reused and CCE to REG mapping is performed on the configured CORESET#0, as in legacy.
Opt.2: Legacy CORESET#0 configuration table is reused and CCE to REG mapping is performed on the CORESET#0 resources after puncturing. 
Opt.3: New CORESET#0 configuration table is introduced and CCE to REG mapping is performed on the configured CORESET#0.
Observation 4: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.1, depending on scenarios, the spanned BW of CORESET#0 after puncturing could be same or different with the BW of the punctured SSB.  
Observation 5: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.1, the determination of the punctured CCEs for a PDCCH candidate might depend on the reference point on which the PRB offset (for configuring CORESET#0) is based.
Observation 6: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.1, the punctured CCEs might be different for different cells. 
Observation 7: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.1, different set of punctured CCEs leads to different number of available CCEs in the candidates of AL=4 and AL=8, leading to different attainable PDCCH detection performance. 
Proposal 2: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel, if legacy CORESET#0 configuration table is reused and CCE to REG mapping is performed on the configured CORESET#0, the different attainable PDCCH detection performance due to different set of punctured CCEs (caused by e.g., different cell ID) should be considered when deciding if PDCCH detection performance shall be improved. 
Observation 8: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.1, the PDCCH detection performance can be improved by either non-interleaved CCE to REG mapping or by defining a new AL for fit in the spectrum. 
Observation 9: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.2, REG is not defined within the configured CORESET#0 but is defined within the CORESET#0 resources after puncturing. 
Observation 10: For CORESET#0 configuration and CCE to REG mapping for <5MHz channel opt.3, the new configuration table should include a set of CORESET PRBs with the spanned BW no larger than the channel BW. It may also include a set of new PRB offsets if the location of configured CORESET#0 is indicated by taking the lowest PRB of the non-punctured SSB as the reference. 


	Intel
	Proposal 1:
For NR operation with less than 5MHz, the PBCH puncturing pattern should be defined, i.e., which part of RBs in frequency is punctured.
Proposal 2:
For NR operation with less than 5MHz, PBCH rate matching and/or power boosting could be considered to compensate the performance loss by PBCH puncturing.
Proposal 3:
For NR operation with less than 5MHz, it is slightly preferred to introduce a new configuration table for CORESET #0.
Proposal 4:
For NR operation with less than 5MHz, rate matching and/or power boosting could be considered to recover the PDCCH detection performance of CORESET #0.
Proposal 5:
For NR operation with less than 5MHz, it should be clarified whether the offset between CORESET #0 and SSB is based on the punctured PBCH or the original PBCH.
Proposal 6:
For NR operation with less than 5MHz, RAN1 to further discuss the initial DL BWP size determination, especially if puncturing is applied for CORESET #0.
Proposal 7:
For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on CSI-RS/TRS, i.e., extending the minimum bandwidth of CSI-RS/TRS to smaller bandwidth.

	Nokia, NSB
	Bandwidth
Observation 1: For FRMCS gradual migration, 3 MHz and 5 MHz channel bandwidths are sufficient from RF viewpoint, while it is important to support a larger set of L1 transmission bandwidths to facilitate co-existence with up to 14 GSM-R carriers on the n100 band. 
Proposal 1: 12 or 13 RB transmission BW is introduced for SSB and CORESET#0 in addition to 15 RB Tx BW for FRMCS migration on band n100.

Initial access
Observation 2: To avoid affecting the PSS/SSS, less than 5 RBs of the PBCH can be punctured on either side of the SSB, requiring that both sides of the PBCH are punctured to a certain extent.
Observation 3: It is crucial for PBCH performance that UE has knowledge of punctured PBCH RBs prior to the PBCH decoding.
Observation 4: Determination of the puncturing pattern applied for the SSB transmission can be based on the detected synch raster point (new sync raster point) and the location of the synch raster point within the band. 
Proposal 2: Further studies on the recovering of PBCH detection performance are deprioritized as the evaluated SSB performance is still better than for any other investigated UL channel.       
Proposal 3: For punctured PBCH, support transmission bandwidth of 15 RBs as well as a narrower, 12-RB or 13-RB, transmission bandwidth. 
Observation 5: For a bandwidth of 3 MHz, and with the principle of not modifying PSS and SSS, the clusters of synchronization raster points need to be separated by less than 1.2 MHz in order to have at least one valid synchronization raster point for each 3 MHz channel when 100 kHz channel raster is applied. 
Observation 6: A new sync raster design is needed for band n100 to support narrowband NR allocation in both ends of the band.
Observation 7: Two options can be considered for the new synch raster for punctured SSB transmissions: 
Option 1: 100 kHz sync raster with a certain offset to channel raster
Option 2: A clustered synch raster where the clusters are located more densely than every 1.2 MHz.
Observation 8: A possible design would be to define sync raster points with 100 kHz raster, i.e. same as channel raster. With this approach, only a single SSB puncturing pattern for a given SSB Tx BW would need to be defined.
Observation 9: Subcarrier offset between the first subcarrier of the SSB and the first subcarrier of the RB of the common RB grid should be zero in order to have 15 RB transmission bandwidth for the SSB within a 15 RB channel bandwidth.
Observation 10: In case of 100 kHz synchronization raster, the offset between channel raster and synch raster should be either +90 or -90 kHz offset to the channel raster.
Observation 11: In case of 100 kHz synchronization raster, one of the following puncturing patterns for the SSB for 15 RB SSB bandwidth can be applied:
2 RBs are punctured from the lower edge of the SSB and 3 RBs from the higher edge of the SSB in frequency when the offset between synch and channel raster is 90 kHz
3 RBs are punctured from the lower edge of the SSB and 2 RBs from the higher edge of the SSB in frequency when the offset between synch and channel raster is -90 kHz
Observation 12: In case of 100 kHz synchronization raster, 13 RB SSB allocation on 13 RB transmission bandwidth can be facilitated with the following assumptions:
100 kHz synchronization raster for the punctured SSB transmissions is either in +90 or -90 kHz offset to the channel raster, as for 15 RB SSB allocation
Puncturing patterns that are possible for 13 RB SSB bandwidth
3 RBs are punctured from the lower edge of the SSB and 4 RBs from the higher edge of the SSB in frequency when the offset between synch and channel raster is 90 kHz
4 RBs are punctured from the lower edge of the SSB and 3 RBs from the higher edge of the SSB in frequency when the offset between synch and channel raster is -90 kHz
Observation 13: In the 1st approach the UE has more sync raster points to search for PSS/SSS in the initial search whereas in the 2nd approach the UE may need to blindly detect the applied puncturing pattern for the PBCH where the puncturing may be in RE level instead of RB level. 
Observation 14: Target bands are relatively narrow in bandwidth and the number of target bands (4) is low compared to the number of bands the UE may typically need to search through. Thus, the increased number of sync raster points with 100 kHz raster is not seen remarkable added complexity.

PDCCH
Proposal 4: Keep CORESET#0 aligned at the CCE level with the non-punctured RBs of the SSB
Proposal 5: A new CORESET#0 configuration table is taken into use when PSS/SSS is detected on a new sync raster point.
Take Table 13-1 in TS 38.213 as the starting point
Proposal 6: The new CORESET#0 configuration table indicates the puncturing pattern for Type0-PDCCH with =24. 
Proposal 7: The new CORESET#0 configuration table can indicate also the interleaving option (interleaved vs. non-interleaved). 
Observation 15: Puncturing an 8-CCE PDCCH down to 5 CCEs (i.e., 15 RBs) and to 4 CCEs (i.e. 12 RBs) will cause a 0.9 dB loss and 2.0 dB loss, respectively, in MCL when compared to the non-punctured case in case of 2-symbol CORESET
Proposal 8: To minimize the loss due to PDCCH puncturing, UE should know the punctured RBs in advance. 
Observation 16: Interleaved CCE mapping limits the number of CCEs available for a single PDCCH as well as the number of PDCCHs that can be multiplexed on the CORESET#0 without extensive puncturing. 
Observation 17: PDCCH puncturing is unavoidable with 3MHz channel bandwidth. 
Proposal 9: Support non-interleaved CCE mapping also for CORESET#0 in NR<5MHz scenarios. 
Proposal 10: Support PDCCH puncturing with RB resolution for CORESET#0 in NR<5MHz scenarios
Proposal 11: The following mechanisms were discussed to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth.   
Opt.1 (Power boosting): Support, no standard impacts.  
Opt.2 (Non-interleaved CCE-to-REG mapping): Support.
Opt.3 (A new interleaver to ensure PDCCH is fully mapped in the spectrum): Don’t support.
Opt.4: (New aggregation level(s) for fit in the spectrum): Don’t support.
Opt.5: (PDCCH rate matching): Don’t support.

Other channels and signals
Proposal 12: Possibility to disable by network configuration FH on PUCCHs that are used before UE specific PUCCH configuration is supported. 
Observation 18: CSI-RS for mobility is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size. 
Observation 19: No changes are required to CSI-RS to support below 5 MHz NR bandwidths.


	LG
	Proposal 1: For RAN1 discussion, in addition to the spectrum utilization ratio and the interference from adjacent spectrum, the following aspects are taken into account for determining the maximum transmission bandwidth for dedicated spectrum less than 5 MHz:
Number of PRBs supported for DFT-precoding (12, 15, 16 are supported while 13 and 14 are not)
Support of CCE AL
Efficient multiplexing b/w PUCCH and PUSCH (with transform precoding)
Granularity of CSI-RS/TRS configuration of 4 PRBs
Proposal 2: For a subset of PRBs of 20-PRB PBCH, down-select from the following alternatives:
Alt.1	PSS/SSS + lower PRBs (e.g., lower 4 PRBs for the max Tx BW of 16 PRBs, and lower 3 PRBs for the max Tx BW of 15 PRBs)
Alt.2	PSS/SSS + center PRBs (e.g., lower 2 PRBs and higher 2 PRBs for the max Tx BW of 16 PRBs, and lower 2 PRBs and higher 1 PRBs for the max Tx BW of 15 PRBs)
Proposal 3: Study further if the subset of PRBs of 20-PRB PBCH needs to be different per frequency band
This study should take into account the discussion in RAN4 on finer sync raster
If it needs to be different, a UE may implicitly know the subset of PRBs of 20-PRB PBCH with a prior knowledge of the frequency locations of (finer) sync raster and the dedicated spectrum
Proposal 4: Puncturing is supported for the transmission of subset of PRBs of 20-PRB PBCH
i.e., only the subset of PRBs of 20-PRB PBCH are transmitted while the RE mapping for PBCH in dedicated spectrum is the same as the legacy
Proposal 5: Support the following techniques to recover PBCH detection performance for dedicated spectrum less than 5 MHz 
Power boosting (Opt.1)
Proposal 6: The following techniques to recover PBCH detection performance for dedicated spectrum less than 5 MHz can be further studied
Additional transmission of the (punctured) PBCH REs at different times (PBCH remapping)
Proposal 7: For CORESET#0 configuration for the dedicated spectrum less than 5 MHz,
existing CORESET#0 configuration table for 15kHz SCS and 5MHz minimum ch BW (Table 13-1 in TS38.213) is reused
Proposal 8: Support the following techniques to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz
Power boosting (Opt.1)
Proposal 9: The following techniques to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz can be further studied
New aggregation level(s) for fit in the spectrum (Opt.4)
Proposal 10: Before SIB1 configuration of initial DL BWP, support that UE assume the max TX BW or the PBCH BW as the initial DL BWP for dedication spectrum less than 5 MHz
Proposal 11: Support intra-slot FH disabling for common PUCCH transmission for dedicated spectrum less than 5 MHz
Existing mechanism introduced in Rel-17 RedCap can be reused
Proposal 12: Support reducing the number of PRBs for PUCCH transmission for dedicated spectrum less than 5 MHz
E.g., Support only 8 PUCCH resources, CDM(OCC), TDM


	Ericsson
	Observation 1	For SSB, RAN1 agreed that “a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs,” keeping as “FFS which PRBs are used and how to use the PRBs”. Resolving this FFS should be prioritized, since likely it will be needed as complementary input for RAN4 towards completing the sync-raster design.
Observation 2	The puncturing applied on SSB preserving 15RBs, 14RBs, or 12RBs results respectively in a performance difference of ~1.75dB, ~2.5dB, and ~3.6dB with respect to a non-punctured curve in terms of SNR required to achieve 1% BLER.
Observation 3	The performance difference was observed assuming the same power per sub-carrier for both the non-punctured and punctured PBCH. The performance difference was small (i.e., less than 2dB when preserving 15RBs unpunctured) even without using yet any compensation technique (e.g., power boosting).
· Preserving unpunctured less than 15 SSB RBs may result in not fulfilling RRM requirements in RAN4 RRM (e.g. UE shall detect the cell with the assumption SNR=-6dB and 90% of success rate, including RF impairment margin), thus performance-wise preserving unpunctured 15RBs is recommended.
Observation 4	Towards preserving 15RBs unpunctured, the 5RBs to be punctured with respect to the 20RBs of the legacy SSB structure can in principle be obtained from either:
a) 4 RBs punctured from top, 1 RB punctured from bottom.
b) 1 RB punctured from top, 4 RBs punctured from bottom.
c) 3 RBs punctured from top, 2 RBs punctured from bottom.
d) 2 RBs punctured from top, 3 RBs punctured from bottom.
In the end, only one of the above alternatives should be chosen as to have a fully deterministic/invariant puncturing on the 20-PRBs of SSB, which will facilitate the sync-raster design, RAN4 requirements, and won’t require the UE to hypothesize or receiving signalling (e.g., early indication) to indicate the punctured region.
Observation 5	The number of unpunctured/preserved PRBs overall determine the BLER performance of SSB regardless of the location of the punctured subcarriers/PRBs within the legacy 20-PRBs structure, hence alternative “a)” where 4 RBs are punctured from top and 1 RB is punctured from bottom is preferred because of the following reason:
-	If the 5 PRBs to be punctured from the 20 PRBs SSB structure, they were mostly taken from to the top (e.g., 4 RBs) and minimally from the bottom (e.g., 1 RB), then existing offsets (i.e., “kSSB” and “Offset (RBs)”) and their legacy reference points could be kept unmodified for functional support (see Figure 3).
Observation 6	PDCCH is mapped to a specific CORESET. Thus, the highest “Aggregation level” that can be used depends on the resource blocks in the frequency domain according with “N"RBCORESET" ” and symbols “N"symbCORESET" ” in the time domain configured for a CORESET.
Observation 7	The puncturing on PDCCH in CORESET 0 will be determined by the puncturing applied on SSB, and the offset parameters “kssb” and “Offset (RBs)”.
Observation 8	For the CORESET 0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, Opt1 is preferred (i.e., Existing configuration from table 13-1 in TS 38.213) as it is in line with the WID’s guidelines on adding “functional support based on existing design, without optimization”.
Observation 9	The puncturing applied on CORESET 0 results in a performance difference of:
•	~ 2.7dB with respect to a non-punctured curve in terms of SNR required to achieve 1% BLER. The percentage of punctured CCEs of a PDCCH candidate in this 2-OFDM symbol CORESET 0 example is 37.5%.
•	~ 2.1dB with respect to a non-punctured curve in terms of SNR required to achieve 1% BLER. The percentage of punctured CCEs of a PDCCH candidate in this 3-OFDM symbol CORESET 0 example is 31.25%.
Observation 10	The performance difference (i.e., ~ 2.7dB for 2-OFDM symbol and ~ 2.1dB for 3-OFDM symbol CORESET 0 respectively) was observed assuming the same power per sub-carrier for both non-punctured and punctured CORESET 0. That is, the performance difference was small even without using yet any compensation technique (e.g., power boosting).
Observation 11	For CSI-RS, the smallest configurable number of RBs is 24. Moreover, “If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the BWP”.
Observation 12	In our understanding, the “BWP” mentioned in the previous observation is not the “Initial BWP” since “CSI-RS/TRS” is transmitted in connected-mode, hence the “BWP” should be flexible enough as to fit “CSI-RS/TRS” in a reduced bandwidth using the “MIN function” between the “number of RBs” and the “BWP”.
Observation 13	About the FFS on “the necessity for PUCCH FH disabling”, no “necessity” has been identified since different than RedCap there is no “PUSCH resource fragmentation issue”. Moreover, PUCCH frequency hopping is enabled by default for PUCCH of Msg4, and the difference between enabling/disabling PUCCH FH is +/- 1 RB for PUSCH.
Observation 14	Given the conclusion and agreement on PRACH to operate on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for the moment no other clarification or follow-up touching upon PRACH is foreseen to be needed.
Observation 15	It is important to mention that if both the location and number of PRBs to be punctured from the 20-PRBs SSB structure were invariant, then such a fully deterministic scheme won’t require an “early indication”.
Observation 16	On the other hand, if either the location and/or the number of PRBs to be punctured from the 20-PRBs SSB structure were to vary, then (unless the UE were to run some hypothesis) there will be a need for introducing an early indication.
•	The complication with it is that for the UE to know which RBs are used for transmission (i.e., the unpunctured RBs), the indication cannot be carried on PBCH (or at least not only in it) since PBCH per-se is to be punctured, hence an earlier indication will be needed (e.g., on PSS/SSS). Thus, as mentioned in earlier sections, a fully deterministic puncturing on the 20-PRBs of SSB is preferred which facilitates the sync-raster design, RAN4 requirements, and won’t require the UE to hypothesize or receiving signalling to indicate the punctured region.
Observation 17	In addition to SSB, PDCCH, CSI-RS/TRS, PUCCH, and PRACH, other NR physical channels and signals not requiring puncturing may need to be investigated as well (e.g., link-budget wise) as to discard any potential “bottle neck” at the moment of operating in “spectrum allocations from approximately 3 MHz up to below 5 MHz”.

Proposal 1	Prioritize resolving the FFS about the “subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs” (i.e., “FFS which PRBs are used and how to use the PRBs”).
Proposal 2	Preserve the legacy SSB NR structure unmodified, applying puncturing on SSB when required for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidths.
-	For transmission bandwidths <5MHz for 3MHz channel bandwidth, where puncturing is required to be applied on SSB:
o	“a subset of 15PRBs of 20-PRB PBCH are used for PBCH transmission”.
Proposal 3	Adopt a deterministic puncturing, where with respect to the 20-PRB SSB legacy structure, 4 PRBs are punctured from the top and 1 PRB is punctured from bottom.
-	This allows keeping a minimum distance (i.e., 1RB) between the bottom of the 15-PRB SSB punctured structure and the 20-PRB SSB legacy structure, which aims at minimizing the impact on legacy offsets (i.e., “kSSB” and “Offset (RBs)”).
Proposal 4	To minimize the specification impacts from puncturing, the puncturing applied on SSB is reflected through adding a “Note” that relies on Table 7.4.3.1-1 in TS 38.211 which describes the legacy SSB structure:
-	Note: When the UE is configured with LessThan5MHzFR1, the UE is only expected to receive subcarrier number k = 12, 13, … 191 as described in Table 7.4.3.1-1.
Proposal 5	Keep “subcarrier 0 of the first resource block of the SS/PBCH block” as a hypothetical/virtual reference for applying kSSB. That is, since Table 7.4.3.1-1 reflects the legacy 20-PRB SSB structure and the puncturing is fully deterministic, then subcarrier 0 can be kept as a virtual/hypothetical reference. The following statement can be appended to the “Note” describing the puncturing:
-	The UE may continue assuming subcarrier 0 of the first resource block of the SS/PBCH block as a hypothetical reference for applying kSSB
Proposal 6	Existing offsets (i.e., “kSSB” and “Offset (RBs)”) are kept unmodified for functional support.
-	If the UE continues assuming subcarrier 0 of the first resource block of the SS/PBCH block as a hypothetical reference applying “kSSB”, and if on the 20-PRB SSB, 4 PRBs were punctured from the top and 1 PRB were punctured from bottom as to keep a minimum distance (i.e., 1RB) between the bottom of the 15-PRB SSB punctured structure and the 20-PRB SSB legacy structure, then both “kSSB” and “Offset (RBs)” can be kept used as in legacy for functional support (i.e., there is no strict need for optimizing, since offsets are functional/usable).
Proposal 7	The performance difference between a punctured and a non-punctured SSB was found to be small (less than 2dB @ 1% BLER when 15-PRBs are kept unpunctured). Moreover, SSB is not foreseen to be a bottle-neck channel link budget-wise. Thus, accounting for the above a recovery technique with minor specification impact (Opt1 which may only require setting a limit in RAN4 specs) or no specification impact at all (Opt6) is preferred.
Proposal 8	Preserve the legacy CORESET 0 NR structure unmodified, applying puncturing on CORESET 0 when needed for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidths.
Proposal 9	The performance difference between a punctured and a non-punctured PDCCH on CORESET 0 was found not to be large (~ 2.7dB for 2-OFDM symbol and ~ 2.1dB for 3-OFDM symbol and @ 1% BLER). Moreover, CORESET0 is not foreseen to be a bottle-neck channel link budget-wise. Thus, accounting for the above a recovery technique with minor specification impact (Opt1 which may only require setting a limit in RAN4 specs) or no specification impact at all (Opt6) is preferred.
Proposal 10	iff the concern on mapping PDCCH on CORESET 0 in a reduced bandwidth were about maximizing the number of PDCCH candidate that will fall into the usable spectrum, then RAN1 can consider a simpler solution such as adding more values (e.g., negative ones) to the existing “kSSB” and/or “Offset(RBs)” as to add more freedom for locating CORESET 0 with respect to SSB.
Proposal 11	Conclusion: No puncturing is needed for “CSI-RS/TRS,” hence “CSI-RS/TRS” can be used “for functional support based on existing design, without optimization” on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth.
Proposal 12	Based on “Observation 13,” and in line with the WID about “Identify and specify necessary minimum changes to … PUCCH … for functional support based on existing design, without optimization.” There is no “necessity for PUCCH FH disabling”.


	Samsung
	Proposal #1: Send RAN 4 LS and CC to RAN 2, to RAN 4 to clarify: 
Whether legacy UEs may try to camp on the dedicated spectrum and potentially decode the SSB? 
Whether the UEs can know the bandwidth (less or no less than 5MHz bandwidth) of the dedicated spectrum by RAN 4 specifications, or UEs need to be indicated by signalling?

Proposal #2:  For dedicated band(s) with less than 5MHz channel bandwidth, SS/PBCH block bandwidth is truncated to 12 RBs. 
Proposal #3: For PBCH performance recovery, power boosting of the whole SS/PBCH block without specification impact is sufficient. 
Proposal #4: For CORESET#0 configuration for min CBW as 3MHz, further study the following options: 
Opt A: Define a new table (e.g., Table 3) for minimum channel BW as 3MHz or 5MHz.
Opt B: Use reserved row of the legacy Table 13-1 in TS38.213 for minimum channel BW as 3MHz (e.g., Table 4).
Proposal #5: No enhancement is specified for PDCCH detection performance in the optional 3MHz channel bandwidth.


	Apple
	Proposal 1: 
Support power boosting to recover PBCH performance caused by reduced transmission BW. 
FFS on the spec impact. 
 Proposal 2: 
Prefer to keep the legacy CORESET#0 configuration table (i.e., Table 13-1 for {15kHz, 15kHz}) for 3MHz and 5MHz channel bandwidth. 
Reuse the existing signalling framework i.e., using   in PBCH payload and offset in Table to keep a same flexibility for CORESET 0 frequency allocation as in legacy. 
Support power boosting to recover the PDCCH performance caused by reduced BW. FFS on spec impact. 
FFS Non-interleaved CCE-to-REG mapping (Opt.2) and using reduced BW for CCE-to-REG mapping (Opt.3)

	Qualcomm
	Proposal 1: RAN1 to support the following two Cases
Case 1 for 5MHz channel BW: max transmission BW is 20RBs and SSB is reused without puncturing.
Case 2 for 3MHz channel BW: max transmission BW is 15RBs or 16RBs, which is up to RAN4 feedback.
Proposal 2: The early indication for Case 1 and Case 2 can be dependent on frequency band and sync raster
For n8, n26 and n28, only Case 2
For n100, whether it is Case 1 or Case 2 can be determined by the sync raster. 
Proposal 3: 
Define only one SSB pattern with PBCH puncturing for 3MHz channel bandwidth, taking RAN4 sync raster design into consideration
The PBCH puncturing is done with PRB granularity.
Reuse legacy PBCH/DMRS RE mapping and no PBCH rate matching around the punctured PRBs.
Proposal 4: Support power boosting on remaining PBCH/DMRS for 3MHz channel BW and keep same EPRE for SSS and PBCH/DMRS.
Proposal 5: For 5MHz and 3MHz channel bandwidth with less than 5MHz transmission bandwidth, CORESET0 is using
no interleaving 
RB offset=0
L=6 for REG bundle size
Proposal 6: If 3MHz channel bandwidth has max transmission bandwidth of 15RBs, CORESET0 can be configured with 16RBs, 3 symbols assuming the same precoding across all REGs to support AL=4 or 8 with 1RB puncturing. 
AL=1 or 2 with puncturing is not supported.
Proposal 7: Reuse hashing function for PDCCH candidates assuming the number of CCEs counted based on the configured RB number for CORESET0 for the 3MHz and 5MHz channel bandwidth as 

Proposal 8: The dedicated spectrum can only be accessed by dedicated UEs.
Legacy UEs will ignore the cell by indicating kSSB=30 by MIB/PBCH.
New UEs capable of accessing the dedicated spectrum will assume kSSB=0 and use Table 13-1B to indicate the CORESET0 configuration for 3MHz and 5MHz channel bandwidth.
Table 13-1B: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for the frequency bands with minimum channel bandwidth 3 MHz or 5 MHz given in [5, TS38.101-1] and kSSB=30
Proposal 9: RAN1 to support
For Case 1 with nominal BWP=5MHz, introduce UE capability of supporting flexible CSI-RS/TRS with 20RBs.
For Case 2 with BWP=3MHz, CSI-RS/TRS can be same as the maximum transmission bandwidth.
Proposal 10: RAN1 to support disabling PUCCH frequency hopping for msg4 at least for Case 1 with nominal BWP=5MHz.
Proposal 11: RAN1 to support 3-FDM PRACH occasions with 1.25kHz SCS for Case1 with max transmission bandwidth of 20RBs.


	KT
	Proposal 1: The situations that legacy UEs attempting to access SSBs for the <5MHz bandwidth and evolved UEs operating at the <5MHz bandwidth attempting to access legacy SSBs is considered for the specification.
Alt. 1-1: The resulting degradations of SSB detection performances and predictable maloperations are studied.
Alt. 2-2: Avoid the situations adopting exclusive design for SSBs for the <5MHz bandwidth.
Proposal 2: The number of PRBs for SSBs for the <5MHz bandwidth is 16, or as large as possible within the guardband limitation.
Proposal 3: The available topmost or bottommost PRBs including PSS/SSS blocks are used for the SSBs for the <5MHz bandwidth.
Proposal 4: Opt. 2 is adopted to recover PBCH detection performance.
Alt. 4-1: Opt. 3 with additional PBCH transmission is adopted.


	NTT DOCOMO
	Proposal 1:
For recovering PBCH detection performance for transmission BWs of <5MHz for 3MHz and 5MHz CBWs, Opt.1: Power boosting and Opt.2: Multiple PBCH receptions are the baseline.
If above two options are not sufficient, following options are also considered
Opt.3: PBCH remapping
Opt.4: PBCH payload reduction
Proposal 2:
For recovering PDCCH detection performance of CORESET#0 for transmission BWs of <5MHz for 3/5MHz CBWs, Opt.1: Power boosting is the baseline.
For CORESET#0 configuration for transmission BWs of <5MHz for 3/5MHz CBWs,
A new CORESET#0 configuration table is introduced for the configuration
If power boosting is not sufficient, Opt.4: New aggregation level(s) for fit in the spectrum is also considered
If existing table 13-1 in TS38.213 is reused and power boosting is not sufficient, following options are also considered
Opt.2: Non-interleaved CCE-to-REG mapping
Opt.4: New aggregation level(s) for fit in the spectrum
Proposal 3:
For TRS transmission/reception within the transmission BW less than 5 MHz for 5MHz CBW, followings are considered for further study
Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
Option 2: Introduce a UE capability to indicate the capability on whether to support the TRS with an arbitrary size between 3 to 5 MHz
Proposal 4:
For PUCCH transmission within the transmission BW less than 5MHz for 5MHz CBW, followings are considered for further study
Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
Option 2: Disable FH for common PUCCH configuration


	MediaTek
	Proposal 1: Support PBCH puncturing in the RB level granularity for SSB transmission in spectrum with less than 20RBs.
Proposal 2: When the number of RBs in a carrier bandwidth, say N, is less than 20PRBs for full PBCH transmission, select from the following options:
· Option 1: gNB punctures the upper (20-N)/2 RB(s) and the lower (20-N)/2 RB(s) in PBCH
· Option 2: gNB punctures the upper 20-N RB(s) in PBCH 
· Option 3: which RBs to be punctured by gNB are defined in specification for supported CBWs and RBs

Proposal 3: Add a new table for specifying RB location and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz.
Proposal 4: For dedicated spectrum less than 5MHz, support CORESET#0 with 1, 2, and 3 symbols. FFS: 4 symbols.
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