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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.


This document summarizes the contributions under AI 9.16.1 on the enhancements to operate NR on dedicated spectrum less than 5 MHz and the discussions under the following email thread in RAN1#111. 
[111-R18-<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
Contributions [1][11][12][14][16] propose to send an LS to RAN4 and ask RAN4 to provide guidance on the potential areas that may impact RAN1 design. Among those,
· [1][11][14][16] propose to ask RAN4 regarding the supported BW(s) and/or the number of RBs for dedicated spectrum less than 5MHz. [14] proposes to support 16RBs for 3 MHz channel BW and ask RAN4 to confirm, while [16] propose that RAN1 assumes 15RBs for 3MHz before getting RAN4 response. 
· [1][12][16] propose to ask RAN4 regarding the channelization and sync. raster, 
· [1] proposes to send LS to RAN4 regarding the mapping of the SSB to the sync raster, which might impact which RBs are transmitting SSB. 
· [12] proposes to ask RAN4 1) whether the UE can know the BW of the dedicated spectrum by RAN4 design, 2) whether the flexibility of channelization will be kept, i.e., every channel is able to include a SS/PBCH block and its associated CORESET#0 transmitted within its channel bandwidth.
· [16] proposes 100kHz sync. raster design, based on which one puncturing pattern for the SSB transmission could be determined. [16] would like to conclude the beneficial of this design in RAN1 and send LS to RAN4 requesting the feedback on the feasibility. 
· [12] proposes to ask RAN4 regarding whether legacy UEs can camp on the dedicated spectrum and decode SSB. It is also noted that some contributions, e.g., [3], express similar concern, although they don’t propose an LS.
For the first bullet, from the justification part of the WID, 3 MHz channel BW can be supported for the band n8/n26/n28 to support the services of e.g., public safety and smart grid. However, FRMCS requires quite flexible L1 channel BW in band n100 to support gradual migration from GSM-R to FRMCS. 
For the second bullet, although companies have different proposals regarding the content sending to RAN4, the moderator’s understanding is that the spirit might be similar. From RAN1 point of view, it is a quite important assumption that the UE could know which RBs are for SSB transmission (and maybe also for other signals/channels during initial access) after detecting PSS/SSS. Based this understanding, and since the channelization and sync. raster design seems to be RAN4’s task, it might be reasonable that RAN1 sends a requirement to RAN4 for the design consideration. It is also noted that some contributions, e.g., [3][13], express similar view on the importance of UE aware of the RBs for SSB transmission, although they don’t propose an LS.
For the third bullet, if new sync. raster will be specified in RAN4 for a <5MHz dedicated spectrum and/or the SSB Tx BW is lower than 3.6MHz as in legacy, it seems hard for the legacy UEs to access the spectrum.  

Potential LS to RAN4
First round discussion
[bookmark: OLE_LINK1]Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
Proposal 2.1.1-1: In an LS to RAN4, RAN1 suppose 3 MHz dedicated spectrum is supported and would like to get RAN4 responses on the number of PRBs for this channel BW. Moreover, RAN1 would like to get RAN4 responses on the number of PRBs for each of other channel BWs, if they are to be defined by RAN4. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	Y see comment
	In our understanding, accounting for the use-cases and NR bands covered by the WID we may require introducing more than one “reduced channel bandwidth”. For example, a reduced bandwidth for “FRMCS” (2.8 to 3.6 MHz on n100) and a reduced bandwidth for “Utilities & Public Safety (3MHz on n26 on 28)”.
We would be ok with the LS upon capturing the above aspects.

	Nokia, NSB
	Y
	The WID only mentions one new channel BW, 3 MHz. Therefore RAN1 does not need to ask RAN4 about other channel BWs.

	Qualcomm
	With modification
	We prefer to focus on 3MHz in the LS, which reflect the RAN1 discussion of majority companies. For the case with 5MHz>BW>3MHz, we don’t see the necessity to define a new channel bandwidth and the 5MHz can be reused as nominal CBW.
Proposal 2.1.1-1: In an LS to RAN4, RAN1 suppose 3 MHz dedicated spectrum is supported and would like to get RAN4 responses on the number of PRBs for this channel BW. Moreover, RAN1 would like to get RAN4 responses on the number of PRBs for each of other channel BWs, if they are to be defined by RAN4.

	vivo
	Y
	Share Nokia’s views. 

	Spreadtrum
	Y
	

	Anterix
	Y w/comment
	The bandwidth allocation for Band 8/900MHz and Band 26 in the US market is capped at 3 MHz in size.  We have 96% of the licenses for this and the current market utilizes 3 MHz LTE and will at this time only need 3 MHz NR channels.

	Intel
	Y
	Support Proposal 2.1.1-1.

	Xiaomi
	Y
	

	ZTE
	
	From RAN1 perspective, it’s more important to know the minimum channel BW supported in this WI. In our view, 3MHz is the minimum channel BW based on the WID. For other potential BWs, it needs to first clarify whether or not RAN4 would specify and then if specified what is the number RBs. 
Proposal 2.1.1-1: In an LS to RAN4, RAN1 suppose 3 MHz dedicated spectrum is supported as the minimum channel BW and would like to get RAN4 responses on the number of PRBs for this channel BW. Moreover, RAN1 would like to get RAN4 responses on whether other channel BWs would be specified by RAN4 and if specified, what’s the number of PRBs for each of other channel BWs.  

	LGE
	Y
	 Whether to consider other than 3 MHz needs to be determined as early as possible as it is related to the scope of this WI. In our opinion, asking questions on potential other channel BWs if any is fine for us.



Proposal 2.1.1-2: In an LS to RAN4, RAN1 suppose it is beneficial that UE could know the RBs for SSB transmission after detecting PSS/SSS. RAN1 would like to ask RAN4 to take this requirement into account when designing the channelization and sync. raster for the dedicated spectrum. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	See comment
	If a new sync-raster were designed (in our understanding by RAN4), the design should also account for the aspects mentioned in Proposal 2.1.1-1.


	Nokia, NSB
	Y
	

	Qualcomm
	Y
	

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	
	‘the RBs for SSB transmission’ is not very clear to us. Does it mean the RBs within the channel BW for SSB transmission?
And also, is it the intention to leave this issue to RAN4 entirely? Does RAN1 need to consider the indication of available RBs?

	LGE
	Y
	If feasible, it would be beneficial that UE could know the RBs for SSB transmission after detecting PSS/SSS. Otherwise, signaling mechanism to let UE know those information would need to be developed.



Proposal 2.1.1-3: In an LS to RAN4, RAN1 would like to get RAN4 responses on whether legacy UEs may try to camp on the dedicated spectrum and potentially decode the SSB?
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	See comment
	Is the term “dedicated spectrum” only applicable to the use-cases of “utilities & public safety”?
On the other hand, in our understanding the FRMCS is meant to be in a co-located deployment.
This brings us back to Proposal 2.1.1-1. Perhaps if we are clear enough in the LS, then the RAN4 feedback per-se will answer this question.

	Nokia, NSB
	Y
	

	Qualcomm
	N
	There is no legacy UEs in the dedicated spectrum. The impact on the legacy UEs is not included in the WID. 

	vivo
	Y
	

	Spreadtrum
	Y
	In our understanding, “access to <5MHz dedicated spectrum” can be an optional capability/feature for the legacy UEs.

	Anterix
	N
	Current utility networks use LTE only and UIC utilizes GSM-R for their deployments in this spectrum.  There are currently no “legacy” NR devices utilized in these dedicated networks.  

	Intel
	
	What’s the use case for a legacy UE to camp on the dedicated spectrum?

	Xiaomi
	N
	· More clarification on the term of “legacy UE” is needed and the motivation to enable the legacy UE to access the dedicated spectrum should be discussed as well 
· In addition, We don’t think this issue is within RAN4 scope 

	ZTE
	Y
	Although there are no legacy UEs in the dedicated spectrum, but it’s also related to the design of the sync. raster for dedicated spectrum by RAN4, that is, the legacy UE may detect PSS/SSS for dedicated spectrum if there is an intersection between sync. raster for dedicated spectrum and sync. raster for legacy NR.

	LGE
	Y
	If we are not mistaken, there were comments in the RAN plenary discussion that (some) operators have a preference for allowing legacy NR UEs in the dedicated spectrum. Checking the feasibility of supporting this feature is fine for us.

	FUTUREWEI
	
	Camping is a RAN2 issue. 




RAN1 assumptions before getting RAN4 responses
Proposal 2.2-1: Before getting RAN4 responses, RAN1 assume max. [15RBs] for 3 MHz channel BW for evaluation and analysis. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	Y
	Evaluation-wise the proposed number is ok with us.
We are also ok with considering a couple of values aiming at covering the “reduced bandwidth” associated with both “FRMCS” and “Utilities & Public Safety”. 

	Nokia, NSB
	Y
	This is the same as in LTE, and in our view a natural starting point. 16 RBs may also be studied in parallel.

	Qualcomm
	Y
	15RBs or 16RBs can be used for evaluation and analysis.

	vivo
	Y
	For evaluation purpose, both 15 and 16 RBs can be used. 

	Spreadtrum
	Y
	

	Anterix
	Y
	We assume 15 RB but are also interested in Mediatek suggestion on 16 RB.

	Intel
	Y
	Suggest also including 16 RBs.

	Xiaomi
	Y
	

	ZTE
	Y
	15 RBs is the same as LTE 3MHz. 

	LGE
	Y
	Open to further discuss other options.



Question 2.2-1: Before getting RAN4 responses, do we need an assumption on any other supported channel BW(s), or could it be based on company reporting? If this assumption is needed, what is your view on the supported BW(s) and the number of RBs. 
	Company
	Comment

	DOCOMO
	Fine with company reporting

	Ericsson
	In our understanding and accounting for the use-case encompassed by the WID, the reduced bandwidths under consideration are 2.8 to 3.6 MHz for “FRMCS” and 3MHz for “Utilities & Public Safety”.
A “reduced bandwidth” of 3MHz is common to both use-cases thus evaluation-wise it seems suitable to be considered. Perhaps we can also evaluate a bandwidth above and below 3MHz to see how puncturing performs especially in the latter case.

	Nokia, NSB
	In line with to the WID, we should focus on only one new channel BW, i.e. 3 MHz. However, we may consider transmitting less than all the RBs of a channel BW for both 5 MHz as well as the new 3 MHz BWs, to facilitate various deployment scenarios, considering especially soft migration from GSM.

	Qualcomm
	We don’t see the necessity to define a new channel bandwidth other than 3MHz.
For the case with 5MHz>BW>3MHz, we don’t see the necessity to define a new channel bandwidth and the 5MHz can be reused as nominal CBW.

	vivo
	Based on the WID, only one new new channel BW, i.e. 3 MHz will be defined in RAN4. For NR deploying on the dedicated spectrum with spectrum allocations from approximately 3 MHz up to below 5 MHz, the supported number of PRBs within 3 MHz and below 5 MHz e.g. 3.6MHz can be reported by companies. 

	Spreadtrum
	3.6 MHz and 3MHz 

	Anterix
	We are assuming only 3 MHz bandwidths at this time for Band 8/26.

	Intel
	Fine with company reporting.

	ZTE
	Before RAN4 replies, we are ok to focus on 3MHz with 15 RBs. For others, it can be left for companies report. 

	LGE
	Fine with focusing on 3 MHz for the moment. 



Proposal 2.2-2: Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	See comment
	Is this proposal meant to say that it will be assumed that the UE knows about the non-punctured region?
Perhaps at this stage, we can test both. That is, the performance when the UE does know about the non-punctured region on SSB and when the UE doesn’t know about the punctured region on SSB.


	Nokia, NSB
	Y
	Knowing which RBs are actually transmitted is beneficial for UE, as discussed in [16]. RAN1 work should aim at guaranteeing this assumption.

	Qualcomm
	Y
	

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	
	We have similar question as Ericsson above. 

	LGE
	Y
	What FL proposes is fine. But in the end, we tend to agree with Nokia that which RBs are transmitted needs to be known to UEs without ambiguity.



Potential enhancements on signals/channels
SS/PBCH block
For PSS/SSS, all contributions assume/propose that the entire PSS/SSS is within dedicated spectrum <5MHz BW. Therefore, no puncturing/enhancements are supposed for PSS/SSS to operating NR in the spectrum. This is aligned with the objective of “reuse PSS/SSS specification without puncturing” in the WID.
For PBCH, when the PBCH BW is larger than the channel BW, some of PRBs cannot be used for PBCH transmission and these RBs shall be punctured. Contributions [2][3][4][6][8][10][13][14][16] provide evaluation results on the detection performance for the punctured PBCH. Compared with PBCH without puncturing, 
· [2] observes 2.5dB SNR loss for PBCH transmitted in 15PRBs, i.e., 5PRB puncturing.
· [3] observes 1.83dB SINR loss for PBCH transmitted in 16PRBs, i.e., 4PRB puncturing. 
· [4] observes 3.14dB/2.57dB/0.84dB SNR loss for 6PRB/5PRB/2PRB puncturing. 
· [6] observes 2.7dB SNR loss for PBCH transmitted in 15PRBs, i.e., 5PRB puncturing. 
· [8] observes around 2dB SNR loss (seems w/o given the number of punctured PRBs). 
· [10] observes a 2dB SNR loss with 5PRB puncturing without power boosting.
· [13] observes 1.7dB/2.2dB SINR loss for 16/15 PRB PBCH (i.e., 4PRB/5PRB puncturing) without power boosting, and 0.8/1.0dB SNR loss with power boosting.  
· [14] observes about 1.7 to 2.6 dB SNR losses without soft combining for 16PRB PBCH (i.e., 4PRB puncturing). The losses range from 1.2 to 2.55 dB when soft combining up to four receptions is performed. 
· [16] observes 3.2db/1.6dB/1.1dB/0.4dB MCL loss for 12PRB/14PRB/15PRB/18PRB PBCH.
Besides, [4] expresses that there will be PBCH DMRS performance loss due to puncturing and propose to discuss how to minimize DMRS performance loss. However, [16] observes that PBCH decoding is a more limiting factor than the PBCH DMRS. 0.5dB/0.1dB/0.2dB/0.0dB MCL loss is observed in [16] for PBCH DMRS for 12RB/14RB/15RB/18RB PBCH, much less than PBCH performance loss. 
Regarding whether/how to improve the PBCH detection performance for dedicated spectrum, 
· [1][8][9] express that combination of multiple transmission can solve the problem. 
· [3][16] propose that the UE needs to know the location of the actual BW used for PBCH transmission. 
· [4][10][13][15][16] express that the PBCH coverage loss can be improved by power boosting. 
· [4][11][15] propose PBCH remapping, to remap the punctured PBCH PRBs to additional time symbol(s). 
· [7] proposes PBCH rate matching.  
· [9][10] observe that even with performance degradation, PBCH with puncturing might not be bottleneck channel.
· [11] proposes PBCH payload reduction. 
First round discussion
Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
Proposal 3.1.1-1: For dedicated spectrum <5MHz, the entire PSS/SSS is always within the spectrum.    
	Company
	Y/N
	Comment

	DOCOMO
	Y
	Under the assumption that RAN4 will define proper sync raster

	Ericsson
	
	In our understanding, what is stated in Proposal 3.1.1-1 is already captured in the WID as a design guideline. The WID states “Reuse PSS/SSS specification without puncturing”.

	Nokia, NSB
	Y
	Proposal 3e.1.1-1 is already stated in the WID, so no need to re-agree that. 

	Qualcomm
	Y
	We think the assumption is clarified in WID already.

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	Y
	

	LGE
	Y
	We also think what is proposed by the FL is already clear from the WID.



Proposal 3.1.1-2: The PBCH in <5MHz dedicated spectrum is transmitted by puncturing a set of PRBs of the existing 20PRB PBCH if the BW of the dedicated spectrum is less than 20PRBs. 
· FFS which RBs are punctured
	Company
	Y/N
	Comment

	DOCOMO
	Y
	Assuming this proposal does not preclude Opt.3/5 in Proposal 3.1.1-3

	Ericsson
	Y
	Overall, yes. The SSB candidate preserving PSS/SSS, and it’s location (given by the sync-raster) within the reduced will determine the part of PBCH that will be punctured.

	Nokia, NSB
	Y
	Proposal 3e.1.1-2 is important, as it allows for supporting any dedicated spectrum between 3 and 5 MHz.

	Qualcomm
	Y
	At least the PBCH in the 12RBs of PSS/SSS will not be punctured.

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	PSS/SSS will be left as is and as necessary determine which other part of PBCH to puncture.

	Intel
	Y
	Just for clarification, the puncturing is performed at gNB side, correct?

	Xiaomi
	Y
	

	ZTE
	
	Opt.3/5 in Proposal 3.1.1-3 may not need to puncture some PRBs. With proposal 3.1.1-3 under discussion, we may no need this proposal. 

	LGE
	Y
	Whether/how to recover the performance loss can still be discussed.



Proposal 3.1.1-3: Study how to improve the detection performance of PBCH with PRB puncturing for the dedicated spectrum <5MHz. Following options are for down-selection, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping, by mapping the punctured PRBs to additional time symbol(s)
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	See comment
	We are ok with studying how to improve the performance but focusing/prioritizing those options that won’t result in any impact on the SSB legacy structure.
We prefer to focus on “Opt.1: Power boosting”, and even for that option we will need some guidance/feedback from RAN4 as to know whether it is applicable to all use-cases (e.g., whether or not it will be applicable in a co-located FRMCS scenario).
Perhaps we can come back to it once RAN1 had performed evaluations to understand the impact of puncturing first (i.e., as to know/estimate how much would need to be compensated performance-wise).

	Nokia, NSB
	N
	Given the short duration of the WI, we should aim at minimum changes required to support operation on the spectrum of interest. As according to the WID PBCH shall be based on the current design, we think only Option 1 needs to be considered.  

	Qualcomm
	N
	Agree with Nokia

	vivo
	N
	It is not within the WID scope. 

	Spreadtrum
	Y
	

	Anterix
	N
	Based on the simulations provided to date we believe that power boosting, Opt. 1, provided the best alternative to gain back performance and reduce complexity and time to market.

	Intel
	Y
	Fine to further study.

	Xiaomi
	N
	We share the same view with Nokia

	ZTE
	
	Support to investigate solutions to improve the PBCH performance.  
Firstly, our understanding is it could be possible to support more than one options together. 
For Option 3, we suggest to delete ‘by mapping the punctured PRBs to additional time symbol(s)’. The remapping could be still within the legacy symbols. 

	LGE
	Y
	Fine to further study. Techniques such as based on puncturing, e.g., power boosting after puncturing and mapping the punctured PBCH to additional time symbol(s), can be further discussed. 



Proposal 3.1.1-4: For evaluation and analysis of the options to improve PBCH coverage, those options without standard impacts (i.e., opt.1 and/or opt.2) are taken as baseline. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	Y
	Ok with the optionality “and/or”.

	Nokia, NSB
	Y
	

	Qualcomm
	With modification
	Proposal 3.1.1-4: For evaluation and analysis of the options to improve PBCH coverage, those options without standard impacts (i.e., opt.1 and/or opt.2) are taken as baseline. 


	vivo
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	
	If the intention of the proposal is to compare the performance improvement for different options, then the legacy PBCH transmission should be the baseline. In addition, our understanding is opt.1/2 (as implementation solution) can also be used for legacy BW (i.e., >=5MHz), so they cannot be used to improve the coverage, i.e., compensate the coverage loss for PBCH compared to legacy. In this sense, we don’t think opt.1/2 can really solve the problem here and then is a good choice for baseline. 

	LGE
	Y (with modification)
	As commented by other company offline, “improve” should be replaced by “recover”.



Question 3.1.1-1: Are there any other aspects of SS/PBCH for dedicated spectrum <5MHz that should be discussed in RAN1? 
	Company
	Comment

	Ericsson
	Perhaps just to make clear that while we wait for the RAN4 feedback, the “sync-raster” used in the evaluations is according with what is available in the current Technical Specifications (this aiming at having comparable results). If companies want to use some other “sync-raster” that is not in the current spec, that can be optionally reported.

	Nokia, NSB
	As discussed for Proposal 2.2-2, whether or not the UE knows of the PBCH puncturing has an impact on PBCH detection performance. RAN1 should preferably aim at ensuring that the UE knows of the puncturing. 

	ZTE
	We think the performance of DMRS of PBCH which carries 3 bits timing information should also be evaluated, and further analyse if any enhancement is needed. 

	LGE
	We share a similar view with Nokia. UE needs to know whether/how puncturing is applied to the PBCH without ambiguity. So, how to provide UEs with those information needs to be discussed. 



Second round discussion
[bookmark: OLE_LINK8]Proposal 3.1.2-1: For dedicated spectrum <5MHz, a set of PRBs of 20PRB PBCH are punctured if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are punctured
· Note: PRBs for PSS/SSS are not punctured.
· [bookmark: OLE_LINK2]Note: It does not imply to preclude rate matching around the punctured PRBs as a potential scheme for PBCH coverage recovery.
	[bookmark: OLE_LINK6]Company
	Y/N
	Comment

	Qualcomm
	Y
	Although we don’t think the second note is needed, we can live with the current Proposal.

	DOCOMO
	Y
	

	Nokia, NSB
	Y
	Additionally, the decision on synch raster needs to be taken into account, e.g. if RAN4 agrees to introduce a finer raster for 5MHz CBW.
We agree with QCOM on the note, we do not see it as necessary.

	FUTUREWEI
	Y
	

	vivo
	Y
	

	Ericsson
	Y
	We should align the wording with the recent agreements, that is replacing “dedicated spectrum <5MHz” by “<5MHz channel bandwidth”.

	LGE
	Y
	We also think the Note is not needed. Whether/how to do PBCH coverage recovery will be discussed anyway.

	ZTE
	N
	Similar to the discussion for CSI-RS below, we can wait for the basic functionalities first. Without better understanding on the basic functionalities, we may act on a blank check.



[bookmark: OLE_LINK9]Proposal 3.1.2-2: For evaluation and analysis of the potential schemes for coverage recovery of PBCH with PRB puncturing, following scheme 1 and/or scheme 2 are taken as baseline.
· Scheme 1: Power boosting, i.e., increase the EPRE of the remain PRBs of the punctured PBCH and maintain same transmission power with unpunctured PBCH.
· Scheme 2: Multiple PBCH receptions, i.e., soft combine multiple receptions of punctured PBCH. 
	Company
	Y/N
	Comment

	Qualcomm
	Y
	

	DOCOMO
	Y
	

	Nokia, NSB
	Y
	Both schemes should be considered

	FUTUREWEI
	
	It is unclear what the baseline is. There should be a statement what is the baseline is. In addition, companies may provide results for other schemes.

	vivo
	Y
	

	Ericsson
	Y
	

	LGE
	Y
	

	ZTE
	
	Have similar confusion as FUTUREWEI. In addition, if the two schemes can be done via implementation, then other schemes can also work together with the two schemes. Then, how could the two schemes could serve as baseline?




PDCCH CORESET
For this part, most discussions in the contributions are regarding CORESET#0. 
Regarding the configuration of CORESET#0 for dedicated spectrum less than 5MHz, 
· [3][4][6][7][9][11][12][15][16] express/propose that the existing configuration table could be reused for configuring CORESET#0, and to puncture the RBs outside of the determined CORESET#0 BW for the dedicated spectrum.
· [4][6][11][12][14][15] express/propose that a new table could be defined for CORESET#0 configuration, which includes new CORESET#0 BW(s). 
For CCE to REG mapping, for the case that CORESET#0 is configured by reusing the existing configuration table,
· [2][16] propose non-interleaved CCE-to-REG mapping.
· [3][11][16] express/propose that legacy CCE to REG mapping could be reused and a (full or partial) CCE might not be available since the corresponding REGs are punctured. 
· [4][11] propose CCE to REG remapping within the dedicated spectrum.
Regarding the location and BW of CORESET#0 in dedicated spectrum <5MHz, 
· [1] proposes to use the determined first PRB of the SSB to determine the location of CORESET#0. 
· [4] assumes the UE could determine the dedicated spectrum range after detected SSB. CORESET#0 is within the spectrum. 
· [12] expresses that if reusing the legacy CORESET#0 configuration table, the truncated PRB location of CORESET#0 can be associated with the truncated PRB location of SS/PBCH block. While if a new CORESET#0 configuration table is included, the starting RB can refer to the starting of the punctured SSB. 
· [16] proposes to keep CORESET#0 aligned at the CCE level with the non-punctured RBs of the SSB. 
Regarding PDCCH detection performance in CORESET#0 for dedicated spectrum, 
· [3] observes around 3dB SINR loss with 2 punctured CCEs, compared with full CCE transmission for AL=8. 
· [10] observes 2.7dB SNB loss with 9RBs punctured for 2-symbol CORESET#0, and 2.1dB SNR loss with 9RB punctured for 3-symbol CORESET#0. 
· [13] observes 0.5~3.3dB SINR without power boosting, and 0~1.2dB loss with power boosting. 
· [16] observes 2.0dB/0.9dB/0.7dB MCL loss with puncturing to 12RBs/15RBs/18RBs and power boosting.
Regarding whether/how to enhance the detection performance of PDCCH in CORESET#0 for dedicated spectrum, 
· [2][16] propose to use non-interleaved CCE-to-REG mapping. 
· [3] expresses by reusing existing CORESET#0 configuration/design, the performance may be acceptable. [10] has a similar view that even with performance degradation, the PDCCH in CORESET#0 is not the bottleneck.
· [4] proposes PDCCH rate matching.
· [2] proposes to define a new interleaver to ensure PDCCH is fully mapped in the spectrum.  
· [16] proposes PDCCH puncturing with RB resolution for CORESET#0 comprising 15RBs or less
· [10][12][13][15][16] consider using power boosting. 
· [15] considers new CCE AL (e.g., AL=6, AL=12).
Quite a few contributions propose to discuss how initial DL BWP is determined,
· [4] propose that the default bandwidth of the initial DL BWP can be defined as a bandwidth lower than the configured CORESET#0, e.g., equals to the system bandwidth, and the bandwidth of the initial DL BWP can be reconfigured via SIB1 with a bandwidth lower than that of CORESET#0. 
· [6] propose to study how to determine the initial DL BWP according to CORESET#0. 
· [15] propose to discuss whether to configure a separate initial DL BWP and independent from the CORESET#0. 
[4] expresses concern on the PDCCH detection performance for UEs in connected mode and proposes to further study.

[bookmark: OLE_LINK3]First round discussion
Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
[bookmark: OLE_LINK10]Proposal 3.2.1-1: For CORESET#0 configuration for dedicated spectrum <5MHz, following options are for study and down-selection, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz min. 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. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	Opt.1
	As a first step (and before introducing any new configuration), we think that we should evaluate the puncturing performance on the existing configuration. 

	Nokia, NSB
	Y
	Our preference is Opt 1 to minimize the spec impact. 

	Qualcomm
	Y
	We prefer Opt1

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	Opt 1 preferred

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	Y
	

	LGE
	Y
	We are also fine to take the Opt.1 as the baseline if there is a concern on the spec impact.

	FUTUREWEI
	Y
	



Proposal 3.2.1-2: For evaluation and analysis of CORESET#0 configuration for dedicated spectrum <5MHz, the existing configuration table for 5MHz min. channel BW (i.e., opt.1) is taken as baseline. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	Y
	It will be relevant knowing what is resulting performance on CORESET#0 using an existing configuration upon accounting for the “reduced bandwidths” of the use-cases encompassed by the WID.

	Nokia, NSB
	Y
	

	Qualcomm
	Y
	

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	
	Generally we are OK  and have one clarification question
In the evaluation, can all the configuration in the table be used or only the configuration supporting 24 RBs can be used ? 

	ZTE
	Y
	

	LGE
	Y
	In our opinion, considering only the 24 RBs for the existing configuration is enough.

	FUTUREWEI
	
	It is unclear how the table is taken as the baseline. Is there a specific aspect of the configuration that is examined? 



Proposal 3.2.1-3: For CORESET#0 for dedicated spectrum <5MHz, the UE could determine the CORESET#0 frequency location and BW once SSB is detected. Following options are for down-selection 
· Opt.1: the CORESET#0 location and BW are aligned with the determined SSB location and BW.
· Opt.2: the CORESET#0 location and BW is determined from the determined system BW.
· FFS: how system BW is determined based on the detected SSB
	Company
	Y/N
	Comment

	DOCOMO
	
	It is unclear whether the “CORESET#0 BW” is before or after puncturing RBs outside CBW if table 13-1 in TS38.213 is reused (i.e. Opt.1 in Proposal 3.2.1-1). If before puncturing, it is obvious that the indicated number of PBs in the table is corresponding to the CORESET#0 BW. Also, if Opt.2 in Proposal 3.2.1-1 is assumed, UE would be indicated the number of PBs (i.e. CORESET#0 BW) within the CBW.

	Ericsson
	See comment
	In our understanding “Opt.1” holds if the “Kssb offset” and “Offset (RBs)” are equal to zero.
Having said that, perhaps opt.1 can be revised as follows:
Opt.1: the CORESET#0 location and BW are aligned with the determined by the SSB location (using “Kssb” and “Offset (RBs)”) and BW.
Upon the above clarification, we prefer Opt.1.

	Nokia, NSB
	Y
	Both options can be considered for now. There may also be other relevant aspects to consider, so perhaps this agreement may wait.

	Qualcomm
	
	Not clear what’s the difference between Opt.1 and Opt.2. 
Anyway, CORESET#0 location and BW should be determined from the system BW. 

	vivo
	Y
	We support Ericsson’s modification.

	Spreadtrum
	
	Share the similar views as DOCOMO that it is unclear whether the “CORESET#0 BW” is before or after puncturing RBs…

	Intel
	
	Question for clarification.
If PBCH is punctured, does Option1 mean the CORESET #0 location is determined by the SSB after puncturing?

	Xiaomi
	
	Similar view with DOCOMO

	ZTE
	
	Does this proposal only apply to opt. 1 under proposal 3.2.1-1? For opt. 2 under proposal 3.2.1-1, the CORESET#0 location and BW is determined from the new CORESET#0 configuration table in a legacy manner. 

	LGE
	Y
	Okay to further discuss b/w the two options. We also think whether the “CORESET#0 BW” is before or after puncturing needs to be clarified, so would be okay to add FFS on that aspect. 

	FUTUREWEI
	
	It is unclear how to determine BW if Table 13-1 is used.



Proposal 3.2.1-4: For CCE-to-REG mapping in the CORESET#0 for dedicated spectrum <5MHz,  
· Opt.1: The existing CCE-to-REG mapping for the 24PRB CORESET#0 is reused.  
· Opt.2: New CCE-to-REG mapping is introduced for the CORESET#0 for the dedicated spectrum. 
	Company
	Y/N
	Comment

	DOCOMO
	
	Is this proposal for down selection in this meeting or for further study? We are fine to study both options.

	Ericsson
	Opt.1
	Ok.

	Nokia, NSB
	Y
	Opt 1. We propose to support non-interleaved CCE mapping also for CORESET#0 comprising 15 RBs or less. (see also Proposal 3.2.1-5)

	Qualcomm
	
	We prefer Opt.1.

	vivo
	Y
	

	Intel
	
	Fine to study.

	Xiaomi
	
	OK to further study 

	ZTE
	
	It is related to the conclusion of Proposal 3.2.1-1. So we recommend to postpone the discussion.

	LGE
	Y
	Not sure if Opt.2 helps, but okay to further discuss for now.



[bookmark: OLE_LINK11]Proposal 3.2.1-5: Study how to improve PDCCH detection performance in the CORESET#0 for dedicated spectrum <5MHz. Following options are for down-selection, 
· 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
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	See comment
	We are ok with studying how to improve the performance but focusing/prioritizing those options that won’t result in any impact on the legacy structure.
We prefer to focus on “Opt.1: Power boosting”, and even for that option we will need some guidance/feedback from RAN4 as to know whether it is applicable to all use-cases (e.g., whether or not it will be applicable in a co-located FRMCS scenario).
Perhaps we can come back to it once RAN1 had performed evaluations to understand the impact of puncturing first (i.e., as to know/estimate how much would need to be compensated performance-wise).

	Nokia, NSB
	Y
	We should aim at minimum spec changes. Therefore, the focus shall be on Opt 1 and Opt 2. Additionally, the performance depends on which exact PDCCH RBs are punctured. 

	Qualcomm
	Y
	

	vivo
	Y
	The solutions with small specification impacts are preferred. Therefore, Option 1, 2 and possibly 4 can be prioritized. 

	Spreadtrum
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	
	· To us, some options are not crystal clear. For example, for option 5, how to perform the rate matching and what is the relationship between option 4 and opiton 5 ? 
· It seems some of the these options are not exclusive, maybe there is no need to down select to one option 
· 

	ZTE
	Y
	

	LGE
	Y
	Share the same view with vivo.



Proposal 3.2.1-6: For evaluation and analysis of the options to improve PDCCH detection performance, the one without standard impact (i.e., opt.1) is taken as baseline. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	Y
	Ok.

	Nokia, NSB
	Y
	It makes sense to always assume power boosting. 

	Qualcomm
	
	We think Opt.1 and Opt.2 can be considered as baseline. 
Proposal 3.2.1-6: For evaluation and analysis of the options to improve PDCCH detection performance, the one without standard impact (i.e., opt.1)  and/or opt.2 is taken as baseline. 
Non-interleaving is already supported for legacy PDCCH. Although legacy CORESET0 is restricted to use interleaving only, it is just to allow non-interleaving to be applied to CORESET0 for <5MHz. 

	vivo
	Y
	

	Spreadtrum
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	
	Our understanding is opt.1 can also be used for legacy BW (i.e., >=5MHz), so it cannot be used for performance improvement compared to legacy. In this sense, we don’t think opt.1 can really solve the problem here and then is a good choice for baseline.

	LGE
	Y (see comment)
	Taking Opt.1 as baseline is fine. But not sure if it has zero spec impact in any case.



Proposal 3.2.1-7: For CORESET#0 for dedicated spectrum <5MHz, study whether a common CORESET#0 BW is used regardless of channel BW, or different CORESET#0 BW can be used for different channel BW. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	Depending on the RAN4 input

	Ericsson
	See comment
	In line with previous proposals, we should evaluate first the existing CORESET#0 configuration as to know the resulting puncturing performance for the reduced bandwidths associated to the use-cases covered by the WID.

	Nokia, NSB
	Y
	It makes sense to adjust Tx BW for CORESET#0 at least according to the SSB BW. This allows to maximize the PDCCH performance.

	Qualcomm
	
	May be deferred after some progress of CBW discussion.

	vivo
	
	Share QC’s views

	Intel
	
	Similar view as QC.

	Xiaomi
	
	Support QC’s view

	ZTE
	
	Ok to postpone the discussion as commented by other companies. 

	LGE
	
	Share QC’s view



Proposal 3.2.1-8: For the determination of initial DL BWP during initial access for dedicated spectrum <5MHz, following options are for down-selection
· If legacy configuration table is used for CORESET#0 configuration,
· Opt.1: the BW of the initial DL BWP is same with the punctured CORESET#0
· Opt.2: the BW of the initial DL BWP is same with the configured CORESET#0
· Opt.3: the BW of the initial DL BWP is same with the system BW
· If new configuration table is defined for CORESET#0 configuration,
· The BW of the initial DL BWP is same with the configured CORESET#0
	Company
	Y/N
	Comment

	DOCOMO
	Y
	Fine with the proposal for now but we don’t see the necessity for Opt.3. Initial DL BWP should be based on either punctured/configured CORESET#0 to follow the current spec.

	Ericsson
	See comment
	Perhaps we can come back to this proposal once we have taken a decision on Proposal 3.2.1-1.

	Nokia, NSB
	Y
	We support Opt. 1

	Qualcomm
	N
	We think initial DL BWP will impact whether to use legacy or new configuration for CORESET#0, not the other way around.
If initial DL BWP is same as 5MHz, 
· legacy configuration table is used for CORESET#0 configuration
If initial DL BWP is same as 3MHz, 
· Alt1: legacy configuration table is used for CORESET#0 configuration
· Alt2: new configuration table is defined for CORESET#0 configuration
 

	vivo
	Y
	

	Spreadtrum
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	Y
	

	LGE
	N
	We can agree on the first bullet and the sub-bullets underneath (Opt.1/2/3), but for the second bullet, we think it is premature to conclude that Opt.2 is enough. If Opt.3 is added in the second bullet, then we can support the proposal.

	FUTUREWEI
	
	We should wait until we have taken a decision on Proposal 3.2.1-1



Proposal 3.2.1-9: In case the CORESET#0 BW aligned with the SSB BW (i.e., opt.1 in proposal 3.2.1-3), study if it is beneficial to keep CORESET#0 aligned at the CCE level with the RBs of the SSB as much as possible. 
	Company
	Comment

	DOCOMO
	We don’t think this proposal is necessary for now. The benefit of the alignment can be further discussed under the study on the opt.1 in proposal 3.2.1-3

	Ericsson
	As we commented earlier, we can come back to it once we have taken a decision on Proposal 3.2.1-1.

	Nokia, NSB
	Agree to study this.

	Qualcomm
	Need more clarification of Proposal 3.2.1-3 first.

	vivo
	Same views with Ericsson. 

	Intel
	Fine to study.

	Xiaomi
	Similar view with Ericsson 

	ZTE
	Ok to study

	LGE
	Share the view from Ericsson.



Question 3.2.1-1:  Are there any other aspects on PDCCH/CORESET that should be discussed? 
	Company
	Comment

	Ericsson
	As mentioned in Proposal 3.2.1-3, towards puncturing CORESET#0 it is important to account for the role that “Kssb offset” and “Offset (RBs)” play with respect to the location of SSB.

	ZTE
	We may also need to study the impact to non-zero CORESET. Because a maximum of AL=4 could be supported for 15 RBs in 3MHz BW if the legacy CORESET configuration with granularity of 6 PRBs is kept. This would impact the performance of PDCCH transmission. 




CSI-RS/TRS
As a background, in legacy, if the configured nrofPRBs for CSI-RS/TRS 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. 
[12][16] propose that no enhancements are needed for CSI-RS/TRS to support below 5 MHz NR bandwidths. 
[6] observes that if the configured resource for one BWP equals to the available resources for the BWP, then no spec. impact is needed for CSI-RS/TRS. Otherwise, there may be some problem for the CSI-RS/TRS monitoring. [13] observes similar issue of when BWP is 5MHz and is larger than channel BW, flexible CSI-RS/TRS BW lower than the BWP size is supported based on a UE capability.
[11] observes that if the BWP is configured to be equal to or lower than the channel BW, then TRS can be transmitted in the channel BW (and within the BWP) following legacy principle. While if flexible size BWP other than channel BW is not supported, a UE capability can be introduced to indicate whether to support flexible size TRS.
Regarding the set of PRBs for CSI-RS,
· [3] propose to define {12, 16, 20, 24} PRBs
· [4] propose to define {12, 16, 20} PRBs for CSI-RS for RRM
· [14] propose to define 16PRBs (for 3MHz channel BW); 
· [13] proposes 12 or 16PRBs for 3MHz channel BW. 
· [7] proposes to extend the minimum BW of CSI-RS to smaller BW. 

First round discussion
Proposal 3.3.1-1: No enhancements are needed for CSI-RS/TRS to support dedicated spectrum <5MHz if the CSI-RS/TRS BW is larger than or equal to the DL BWP. 
	Company
	Y/N
	Comment

	DOCOMO
	Y
	

	Ericsson
	See comment
	In our understanding “CSI-RS/TRS” takes place in connected-mode, hence in our understanding the “DL BWP” is flexible enough (i.e., is not the “initial DL BWP” anymore) to handle the reduced bandwidth. 

	Noki, NSB
	Y
	

	Qualcomm
	
	Need more clarification
1) CSI-RS/TRS BW cannot be larger than the DL BWP.
2) The current min CBW is 5MHz. The enhancement is needed to support CSI-RS/TRS in CBW<5MHz.

	vivo
	
	From signalling perspective, we agree that the signalling is flexible enough to configure UE’s BWP to be any number. But from implementation perspective, it is not sure whether the UE is mandatorily support BWP with any number or is mandated to support only BWP sizes corresponding to nominal channel BW, e.g. 5MHz or 10MHz.

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	
	For CSI-RS for RRM, the minimum bandwidth configured is 24 RBs, instead of min(24, N_BWP). So, at least for CSI-RS for RRM, enhancement is needed. For other types of CRS-RS, we are ok to further discuss. 

	LGE
	Y
	



Proposal 3.3.1-2: Study whether to allow flexible CSI-RS/TRS with BW lower than the DL BWP, in which case 
· A UE capability can be defined to indicate whether the UE supports the configuration of CSI-RS/TRS with BW lower than DL BWP
· FFS the set CSI-RS/TRS BW to be supported
	Company
	Y/N
	Comment

	DOCOMO
	Y
	In addition, it can be discussed whether UE accessing dedicated spectrum <5MHz supports flexible size BWP other than channel BW.

	Ericsson
	N
	See previous comment.

	Nokia, NSB
	N 
	The benefits of P 3.3.1-2 are unclear to us.  

	Qualcomm
	Y
	We think it is needed. 
If the nominal BWP is equal to 5MHz (legacy min CBW), the CSI-RS/TRS based on current spec with min(24, N_BWP) RBs will be larger than 3MHz BW. 
If a new BWP is equal to 3MHz for the new CBW, the CSI-RS/TRS can be restricted into 3MHz.

	vivo
	Y
	Similar as Rel-16 TEI

	Intel
	Y
	

	ZTE
	N
	Similar view as Nokia. 

	LGE
	Y
	Okay to study.



Proposal 3.3.1-2: Study whether to configure lower BW(s) for CSI-RS for RRM
· FFS the set CSI-RS BW to be supported
	Company
	Y/N
	Comment

	DOCOMO
	Y
	Better to clarify “Study whether to configure lower BW(s) than 24 PRBs for CSI-RS for RRM”

	Ericsson
	N
	See previous comment.

	Nokia, NSB
	N
	Unclear why this would be needed

	Qualcomm
	Y
	Can add FFS whether it is predefined for a CBW.

	Intel
	
	Fine to study.

	ZTE
	Y
	

	LGE
	Y
	Okay to study.



Second round discussion
Conclusion 3.3.2-1: No enhancements are needed for CSI-RS/TRS at least for 3 MHz channel BW if flexible CSI-RS/TRS BW smaller than DL BWP BW is not supported, and the CSI-RS is not for RRM purpose.
	Company
	Y/N
	Comment

	Moderator
	
	Some background 
Current spec. states that if the configured CSI-RS BW is larger than BWP width, then CSI-RS is transmitted in the BWP.
Rel.16 TEI supports flexible TRS BW smaller than BWP width. 
For CSI-RS for RRM, current spec. specifies min. 24RBs. 


	Qualcomm
	
	Rel.16 flexible TRS BW smaller than DL BWP only introduce the UE capability is only applied to the case of BWP of 52 PRBs with 15kHz in paired spectrum.
    trs-AdditionalBandwidth-r16             ENUMERATED {trs-AddBW-Set1, trs-AddBW-Set2}  OPTIONAL,

For dedicated spectrum less than 5MHz, a new optional UE capability is needed for flexible CSI-RS/TRS BW smaller than DL BWP=5MHz. If UE can support the new UE capability, CSI-RS/TRS can be transmitted in the restricted transmission BW within the BWP=5MHz; otherwise, the CSI-RS/TRS cannot be transmitted. 
If the new channel bandwidth of 3MHz is introduced, it is possible to transmit CSI-RS/TRS in the BWP=3MHz according to current spec as min(24, N_BWP) RBs. The motivation to support flexible CSI-RS/TRS BW smaller than BWP=3MHz is not clear yet. 
Therefore, we would like to modify the proposed conclusion as
Conclusion 3.3.2-1: No enhancements are needed for CSI-RS/TRS at least for 3 5 MHz channel BW if flexible CSI-RS/TRS BW smaller than DL BWP BW is not supported, and the CSI-RS/TRS is not transmittedfor RRM purpose.


	DOCOMO
	Y
	If the UE accessing the band of 3MHz channel BW supports the DL BWP of 3MHz BW, TRS of 3MHz BW is supported according to current spec, and hence no enhancement is necessary.

	Nokia, NSB
	No 
See comment
	We see it as important to reach agreements needed for the basic functional operation of NR, due to tight WI schedule. Hence, we see that this could be re-considered after the design for the basic functionalities is achieved, but should be deprioritized until then.  

	vivo
	Y
	

	LGE
	Y
	Okay with this conclusion. But also fine to come back to this after the basic functionalities are achieved as suggested by Nokia.

	ZTE
	
	Firstly, we agree with Nokia that we can wait for the basic functionalities first. The same procedure could apply to other channels could potentially have issues like PBCH. 
[bookmark: OLE_LINK15]As summarized by moderator, different types of CSI-RS have different restrictions in current spec, i.e., min(24, N_BWP) RBs for normal CSI-RS, flexible BW smaller than BWP width for TRS, and a fixed minimum BW with 24 RBs for CSI-RS for RRM. Thus, even if we want to start some initial discussion, it would be better to discuss CSI-RS (except for tracking and RRM), TRS, and CSI-RS for RRM separately.



Proposal 3.3.2-1: For both 3 MHz and 5 MHz channel BW, study if supporting flexible CSI-RS/TRS BW smaller than DL BWP BW, and the potential enhancements.
	Company
	Y/N
	Comment

	Qualcomm
	
	As commented above, if the new channel bandwidth of 3MHz is introduced, it is possible to transmit CSI-RS/TRS in the BWP=3MHz according to current spec as min(24, N_BWP) RBs. The motivation to support flexible CSI-RS/TRS BW smaller than BWP=3MHz is not clear yet. 
Proposal 3.3.2-1: For both 3 MHz and 5 MHz channel BW, study if supporting flexible CSI-RS/TRS BW smaller than the DL BWP BW, and the potential enhancements.
· FFS the case of 3MHz channel BW


	DOCOMO
	Y
	For FRMCS reusing 5MHz channel BW, the UE accessing the band may not support the DL BWP of less than 5MHz BW and the UE assumes TRS is transmitted with 5MHz BW. Supporting flexible TRS BW smaller than the DL BWP BW is necessary for the case of GSM-R coexistence on the band. As an alternative way, supporting flexible BWP BW less than 5MHz can be considered as well.

	vivo
	
	We are fine with QC’s modification. 

	LGE
	
	It seems we need some discussion on the scenarios that this potential enhancement might be useful before agreeing to study it.

	ZTE
	
	Similar comments as for Conclusion 3.3.2-1. 



PUCCH
[1][3][6][13] propose to support disabling of frequency hopping for PUCCH for Msg4. [1] support to disabling PUCCH for connected mode. 
It is noted by companies that disabling of PUCCH frequency hopping is already introduced by Rel.17 RedCap.  
[4][9][10][11][12][16] propose that no enhancements are needed for PUCCH to support dedicated spectrum <5MHz. 
[15] proposes to discuss if enhancements on the user multiplexing capacity for common PUCCH is needed e.g., for massive connection.

First round discussion
Proposal 3.4.1-1: No enhancements are needed for PUCCH to support dedicated spectrum <5MHz. 
	Company
	Y/N
	Comment

	DOCOMO
	
	Disabling PUCCH FH for Msg4 can be discussed depending on the definition of initial BWP, i.e., whether UE supports the initial UL BWP less than or equal to the channel BW.

	Ericsson
	Y
	Ok.

	Nokia, NSB
	Y
	

	Qualcomm
	
	Question for clarification. PUCCH FH disabling for Msg4 can still be considered, which is not regarded as enhancement. 
In Rel.17 RedCap, the flag to disabling FH is mainly used because of legacy UE consideration. Here, there is no legacy UE concern. Whether to disable FH for a CBP may be predefined without additional signaling. 

	vivo
	
	It depends on whether the UE is mandatorily support BWP with any number or is mandated to support only BWP sizes corresponding to nominal channel BW, e.g. 5MHz or 10MHz. If the UE is mandated to support only BWP sizes corresponding to nominal channel BW, then for dedicated spectrum with 3.6MHz, nominal BW of 5MHz is used,  FH for common PUCCH should be disabled. 

	Intel
	Y
	

	Xiaomi
	
	It depends on how to determine the initial DL BWP,  if option 2 in Proposal 3.2.1-8 is adopted, then there will be some problem for the PUCCH FH. So we’d better to wait for the progress of Proposal 3.2.1-8

	ZTE
	Y
	

	LGE
	
	Whether to support disabling FH for common PUCCH and in which scenario can be further discussed. Basically we think existing mechanism can be reused.

	FUTUREWEI
	
	Disabling FH, introduced for Rel-17 RedCap, should be considered to avoid PUSCH fragmentation



Second round discussion
[bookmark: OLE_LINK12]Conclusion 3.4.2-1: No enhancements are needed for PUCCH to support dedicated spectrum <5MHz.
· Note: PUCCH FH disabling can still be considered, which is not regarded as enhancement
	Company
	Y/N
	Comment

	Qualcomm
	Y
	

	DOCOMO
	Y
	Whether PUCCH FH disabling is necessary or not depends on the support of flexible BWP BW less than 5MHz

	Nokia, NSB
	Y
	

	FUTUREWEI
	Y
	

	vivo
	Y
	

	Ericsson
	Y
	We should align the wording with the recent agreements, that is replacing “dedicated spectrum <5MHz” by “<5MHz channel bandwidth”.

	LGE
	Y
	

	ZTE
	
	Support the main bullet of the proposed conclusion. 
For the note, it is kind of confusing. Firstly, it is not clear to us whether or not we can fully reuse RedCap design. For instance, for RedCap UEs in Rel-17, PUCCH FH can be disabled by RRC parameter intra-SlotFH-r17 in case a separate initial UL BWP is configured. It’s not clear whether we can reuse this Rel-17 parameter for Rel-18 <5MHz UEs or we should introduce a Rel-18 RRC?  In addition, even we can fully reuse, this still needs specification impacts in both 38.213 and 38.331 about the extension of this feature. For any of above, it requires enhancement. 



PRACH
Regarding the PRACH formats that could be supported by dedicated spectrum <5MHz,
· [1] observes a limited number of RACH configurations can be supported in a less than 5 MHz channel.
· [3][4][6][9][11][12][13][15][16] observe that only PRACH format 3 with 5kHz SCS exceeds 3MHz, thus might not be applicable.
· [10] propose that only PRACH formats with 15kHz SCS are supported.
· [6][15] express that since PRACH format 3 is for high-speed scenario, suggest discussing whether/how to support PRACH preamble format 3 for dedicated spectrum <5MHz. [14] expresses similar view. However, [3][16] think the high-speed scenario can be supported by other PRACH formats as well, such as PRACH format 0/B4. 
Regarding PRACH detection performance, 
· [6] observes about 1.3dB performance loss if only transmitting part of PRACH format 3 within frequency resource of 3MHz. 
· [16] observes Format 0 has only about 1.7 dB loss in sensitivity compared to Format 3. Format 0 can support the same cell ranges as Format 3.
[4][9][11][12][16] propose that no enhancements are required for PRACH formats to support dedicated spectrum below 5 MHz. 

First round discussion
Question 3.5.1-1: Do you think the applicable PRACH formats for <5MHz dedicated spectrum are only those with 15kHz subcarrier spacing? 
	Company
	Comment

	DOCOMO
	It would be beneficial to assume PRACH is the exception and to allow long sequences for better performance

	Ericsson
	In principle that is our understanding from the WID, especially because of the location of the “indentation” referring to the assumption on the subcarrier spacing.
We are open to discuss, but it is preferable to avoid a PRACH format e.g., requiring puncturing if there were other formats that can be used instead of it. 

	Nokia, NSB
	Disagree, all PRACH formats having sufficient (low enough) bandwidth can be considered. 

	Qualcomm
	Long sequence with subcarrier spacing of 1.25kHz can also be used.

	vivo
	Except PRACH format 3, all other PRACH formats can be supported. 

	Anterix
	Optimizing PRACH performance is key for FRMCS and utility grids where use of extended coverage maybe required, thus we prefer to see all possible PRACH format potentially considered.

	Intel
	Yes. This is our understanding based on the WID text.

	Xiaomi
	At least the PRACH formats which can be transmitted within the dedicated spectrum can be supported

	ZTE
	Agree with Qualcomm and vivo. 

	LGE
	Share the view with Xiaomi. 



[bookmark: OLE_LINK13][bookmark: OLE_LINK4]Proposal 3.5.1-1: No enhancements are required for PRACH formats to support dedicated spectrum <5MHz
· PRACH format 3 is not supported in the dedicated spectrum
	Company
	Y/N
	Comment

	DOCOMO
	Y
	Sub-bullet may not be necessary since it should be avoided by proper gNB configuration

	Ericsson
	Y
	Ok in principle.

	Nokia, NSB
	Y
	Agree

	Qualcomm
	Y
	

	vivo
	Y
	

	Spreadtrum
	Y
	

	Anterix
	Y
	

	Intel
	Y
	

	Xiaomi
	Y
	

	ZTE
	Y
	

	LGE
	Y
	

	FUTUREWEI
	
	Whether format 3 is used is determined by network configuration. This can be a conclusion.



Others
Question 3.6-1: do you think there are any other aspects that need to be discussed? 
	Company
	Comment

	Ericsson
	Not at this point.

	Nokia, NSB
	It may be discussed later as part of UE features that PRACH format 3 is not expected to be supported when the channel BW is 3 MHz. 




Proposals for online discussion

[bookmark: _Hlk119584988]Proposal 4-1: For transmission bandwidth of <5MHz, 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.

[bookmark: OLE_LINK14]Proposal 4-2:  For CORESET#0 configuration for transmission bandwidths of <5MHz, following options are for study and down-selection, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz min. 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. 

[bookmark: OLE_LINK5][bookmark: OLE_LINK7]Conclusion 4-1: No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable


Conclusion 4-2: short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for <5MHz transmission bandwidths.


Conclusion 4-3: No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz, 
· FFS: the potential enhancement for PUCCH FH disabling.


Proposal 4-3: Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz. 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 


Below were not treated in offline session:
[bookmark: OLE_LINK16]Proposal 4-4: Study whether and how to recover PBCH detection performance for transmission bandwidth of <5MHz. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping, by mapping the punctured PRBs to additional time symbol(s)
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified


Proposal 4-5: For potential CSI-RS/TRS enhancements for transmission bandwidth of <5MHz, following are considered, 
· Whether a RRC connected UE supports flexible BWP size lower than channel BW 
· Whether supports flexible CSI-RS/TRS bandwidth lower than DL BWP bandwidth 
· Fixed min. 24PRBs for CSI-RS for RRM, as specified. 


Agreements
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
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Appendix
Companies’ observations and proposals are listed here for reference
	Company
	Observations and proposals 

	FUTUREWEI
	Proposal 1: Send an LS to RAN4 asking RAN4 to provide the number of RBs available in a channel when the channel bandwidth is less than 5 MHz.
Proposal 2: Use the estimated number of RBs in Table 1 to start discussions about the impact to channels.
Proposal 3: The entire PSS and SSS are located within the <5MHz channel.
Observation 1: When the channel < 20 RBs, the size of the SSB and which RBs are transmitted need to be determined.
Proposal 4: Send LS to RAN4 regarding the alignment of SSB and the sync raster.
Proposal 5: To find the location of CORESET#0 in relation to the SSB for less than 5 MHz channels, determine how to find the first RB of the SS/PBCH (once raster location in SSB is established) and then continue to use the first RB of the SS/PBCH 
Proposal 6: RAN1 examines how to receive SIB1 reliably with less than 5 MHz channels
Observation 2. A limited number if RACH configurations can be supported in a less than 5 MHz channel.
Proposal 7: Support the disabling of frequency hopping for PUCCH for both idle and connected states.

	Huawei
	Observation 1:  For the approximate 3 MHz dedicated spectrum, PSS/SSS can be reused directly, however, PBCH will exceed the spectrum bandwidth.
Observation 2:  Even if the bandwidth of spectrum is no less than 3.6 MHz, due to the limited positions of current sync rater, the SSB location required by a deployment with less than 5 MHz channel bandwidth may not be fully supported within such spectrum. 
Observation 3: Even PDCCH AL-4 cannot be supported for CORESET#0, which may lead to huge PDCCH performance loss. 
Proposal 1:  To fit in dedicated spectrum less than 5 MHz, PBCH enhancements can be considered while keeping Rel-15 SSB structure as much as possible.
Proposal 2:  For channel bandwidth less than 5 MHz, some PDCCH enhancements can be considered, such as, supporting non-interleaved CCE-to-REG mapping, or defining a new interleaver.

	vivo
	Observation 1: For CORESET#0 in dedicated spectrum less than 5MHz, when its configuration is 24PRBs and 3 symbols, for PDCCH using AL=8, the required SINR is 5.75dB for 1% BLER by puncturing 2CCEs, which is lower than the required SINR for 1% BLER PBCH decoding. 
Observation 2: 
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. 
Proposal 1: For a UE accessing a NR cell that is operating in spectrum allocations from approximately 3 MHz up to below 5 MHz, it needs to know the location of the actual BW used for PBCH transmission by the system parameters such as channel and/or sync rasters for the associated dedicated spectrum.
Proposal 2: For CORESET#0 in dedicated spectrum less than 5MHz, reuse existing design and configurations for 5MHz channel bandwidth.  
Proposal 3: For NR cell operating the spectrum allocation less than 5MHz, PRACH format 3 is not supported. 
Proposal 4: There is no need to enhance MSG3 and common PUCCH for NR cell operating the spectrum allocation less than 5MHz.
Proposal 5:  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.

	ZTE
	SSB
Observation 1: RAN4 decision on sync raster design impacts on the number of punctured PRBs for SSB which results in different performance losses for SSB.
PBCH DMRS detection
Observation 2: PBCH DMRS puncturing affects the detection performance of DMRSs, which will impact on the DL timing acquisition of the serving cell and measurement reporting of neighbor cells. 
Proposal 1: To further discuss the potential schemes to minimize the PBCH DMRS performance degradation due to puncturing.
PBCH reception
Observation 3: Based on the spectral utilization ratio 90%, the performance loss of the PBCH puncturing with 2 PRBs to 6 PRBs will be 0.84 ~ 3.14 dB. 
Proposal 2: To further discuss the potential schemes to minimize the PBCH performance degradation due to puncturing.
PDCCH decoding
Proposal 3: The following potential schemes can be considered for PDCCH monitoring in CORESET#0, 
Potential scheme 1: introducing new bandwidth for CORESET#0
Potential scheme 2: PDCCH rate matching
Potential scheme 3: CCE remapping within dedicated spectrum
Observation 4: Under the existing CORESET configuration manner, the maximum supported aggregation level can only be 4, which may lead to shortage of PDCCH coverage.
Proposal 4: 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 5: 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 lower 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 lower than that of CORESET#0.
CSI-RS for RRM
Proposal 6: 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 and PRACH
Observation 5: PUCCH transmission can be supported under dedicated spectrum with less than 5MHz system bandwidth through proper configuration of gNB. 
Observation 6: Existing long preamble formats 0, 1, 2, and short preamble formats A1, A2, A3, B1, B2, B3, B4, C0 and C1 with  and  can be supported under dedicated spectrum with approximately 3 MHz system bandwidth. 
Proposal 7: No enhancement is required for PUCCH and PRACH transmission under dedicated spectrum with less than 5MHz system bandwidth. 

	TD Tech
	Proposal 1: The bandwidth of PBCH can be limited to the transmission bandwidth configuration of 3MHz.
Proposal 2: The transmission bandwidth configuration 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.

	Xiaomi
	Observation 1: If the legacy SSB structure of 20 RBs is reused, for the 3MHz BW system with the assumption of occupying 15 RBs, there would be 2.7dB performance loss in the PBCH.
Observation 2: For PRACH format 3, there is about 1.3dB performance loss if only transmitting part of it within frequency resource of 3MHz. 
Observation 3: If the configured resource for one BWP equals to the actual available resource for the BWP, no specification impact is foreseen for the CSI-RS/TRS configuration.
Proposal 1: Consider the following two options for the CORESET#0 configuration 
Option 1: Reuse the existing CORESET#0 configuration table and puncture part of resource 
Option 2: Update the CORESET#0 configuration table by including additional entries  to fit the bandwidth of the dedicated spectrum
Proposal 2: Study how to determine the initial DL BWP according to CORESET#0 
Proposal 3: For both broadcast PDCCH and unicast PDCCH 
Study whether is need for coverage recovery and if so, what is solution 
Study whether there is  PDCCH blocking probability issue
Proposal 4: For PBCH, study whether coverage recovery is necessary, and if so, what is solution
Proposal 5: study whether/how to support PRACH format 3 in the system with dedicated spectrum less than 5MHz 
Proposal 6: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 

	Intel
	Proposal 1:
For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on PBCH, i.e., puncturing or rate matching to smaller bandwidth.
Proposal 2:
For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on CORESET #0, i.e., puncturing to smaller bandwidth or defining smaller CORESET size in frequency domain.
Proposal 3:
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.

	Spreadtrum
	Observation1: Puncturing of PBCH will lead to around 2 dB coverage loss at a 1% BLER target for 3Mhz dedicated spectrum.
Observation1: For 3MHz dedicated spectrum, the current design for CORESET#0 cannot be reused.
Proposal 1: How to enable soft combine for PBCH can be considered.
Proposal 2: How to configure CORESET#0 in dedicated spectrum should be discussed in RAN1.

	Lenovo
	Observation 1: For a channel with <5MHz BW, if reusing legacy PBCH design, PBCH should be punctured from transmission point of view.
Observation 2: The UE might not know the position of a <5MHz channel when receiving PBCH.
Proposal 1: For a channel with <5MHz BW, PBCH reception bandwidth could be same with PSS/SSS reception BW (including guard REs), i.e., 12RBs. 
Observation 3: For a channel with <5MHz BW, the detection performance for the punctured PBCH can be improved by multi-time reception. 
Proposal 2: : For a channel with <5MHz BW, PBCH detection performance can be improved based on implementation.
Observation 4: For a channel with <5MHz BW, if reusing legacy CORESET 0 configuration, CORESET 0 should be punctured from transmission point of view. 
Proposal 3: For a channel with <5MHz BW, if reusing legacy CORESET 0 configuration, the CORESET 0 RBs can be determined from puncturing a configured CORESET 0 with 24RBs.
Observation 5: The UE could determine the available CCEs from the determined RBs for CORESET 0.  
Proposal 4: For a channel with <5MHz BW, RAN1 needs to discuss whether/how the detection performance of PDCCH in CORESET 0 should be improved. 
Proposal 5: The CSI-RS transmission BW should be extended to support a flexible BW within approximate 3 MHz to below 5 MHz. 
Proposal 6: No specific enhancements are needed for PUCCH and PRACH to support NR operating in a channel with <5MHz BW.

	Ericsson
	Observation 1	The WID encompasses three areas or use-cases that should be kept in mind (e.g., simulation assumptions, metrics, targets, etc) towards specifying the support of NR in spectrum that is “less than 5MHZ for FR1”: FRMCS, Utilities, and Public Safety.
Observation 2	For a SCS of 15 kHz and 5 MHz channel bandwidth, TS 38.101-1 (FR1) in Tables 5.3.2-1 and 5.3.3-1 show that the “Maximum transmission bandwidth configuration” is 25 NRBs whereas the “Minimum guardband” is 242.5 kHz.
Observation 3	For supporting a BW that is “less than 5 MHz” (e.g., a 3 MHz channel BW), it is foreseen that the “Maximum transmission bandwidth configuration” and the “Minimum guardband” will need to be specified by RAN4.
Observation 4	The WID states specific guidelines for SSB: 1) “Reuse PSS/SSS specification without puncturing” and 2) “PBCH based on current design”.
Observation 5	Today’s SSB structure with 15 kHz SCS results in ~ 3.6 MHz occupancy in the frequency-domain, hence either applying a puncturing technique or an SSB structure modification will be needed for fulfilling the WID’s objective.
Observation 6	The puncturing on SSB is determined by the following elements: The number of RBs composing the reduced transmission bandwidth and their location within a given NR band, which will determine a set of candidate SSBs to consider depending on the location of the synchronization raster. Among those candidate SSBs only the one(s) preserving PSS and SSS unpunctured will remain to be considered.
While PSS/SSS will be fully preserved, PBCH will be partially preserved, how much of PBCH will be preserved outside the PSS/SSS region will depend on the ultimate selection of the candidate SSB.
Observation 7	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 8	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 9	For CSI-RS/TRS, in terms of “CSI-FrequencyOccupation” the current specification states that “the smallest configurable number is the minimum of 24 and the width of the associated BWP”.
Observation 10	For a bandwidth that is “Less than 5MHz” e.g., for a 3MHz bandwidth, the number of RBs will be less than 24 RBs (the exact number of RBs will depend on the decisions in RAN4). Thus, the “CSI-FrequencyOccupation” can be updated accordingly to maintain the same degree of flexibility.
Observation 11	PUCCH in NR prior to Rel-18 supports multiple formats (i.e., 0, 1, 2, 3, and 4), for which the frequency-domain utilization is either 1 PRB or “1 . . . 16” depending on the format. The flexibility of the PUCCH configurations in the frequency-domain suggest that in principle “spectrum allocations from approximately 3 MHz up to below 5 MHz” can be supported with no impact on PUCCH.
Observation 12	To support “spectrum allocations from approximately 3 MHz up to below 5 MHz,” if SCS is to be 15KHz for PRACH, then RAN1 should focus on PRACH preamble formats in Table 6.3.3.1-2.
Observation 13	There is a relationship between PRACH and PUSCH which is given in Table 6.3.3.2-1. If the SCS for both PRACH and PUSCH is to be 15KHz, then accounting for “Observation 12” it seems that only one entry in Table 6.3.3.2-1 is to be considered, and in that case, puncturing is not foreseen to be needed.
Observation 14	Tables 6.3.3.2-2 to 6.3.3.2-4 determine the possible PRACH configurations in the time domain. In our understanding only Table 6.3.3.2-2 would need to be considered since the Rel-18 WI is for FR1 and FDD only.
Observation 15	This Rel-18 WI encompasses FRMCS, Utilities, and Public Safety. Hence RAN1 should discuss e.g., what are the “payload sizes”, throughput, and any other specific assumption that should be considered in each case towards performing evaluations.
Observation 16	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”.
Observation 17	In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. This results in an increase in the DL PSD of the carrier with reduced bandwidth, which is expected to help in alleviating the performance degradation due to puncturing on PBCH.
Observation 18	Even if in the end there were an unavoidable performance degradation due to puncturing on PBCH, no coverage bottleneck is foreseen to happen since from previous studies (see [6]) those channels typically have a large coverage margin (e.g., up to 10dB) compared to other channels that are typically identified to be the bottleneck (e.g., PUSCH).
Observation 19	In actual deployments, it is possible that a cell/carrier uses the same total transmit power regardless of the carrier bandwidth. This result is an increase in the DL PSD of the carrier with reduced bandwidth, which is expected to help in alleviating the performance degradation due to puncturing on PDCCH in CORESET #0.
Observation 20	Even if in the end there were an unavoidable performance degradation due to puncturing on PDCCH in CORESET #0, no coverage bottleneck is foreseen to happen since from previous studies (see [6]) those channels typically have a large coverage margin (e.g., up to 10dB) compared to other channels that are typically identified to be the bottleneck (e.g., PUSCH).
Proposal 1	RAN1 needs to reach a common understanding on the wording “from approximately 3 MHz up to below 5 MHz”. 3MHz and 5MHz are proposed to be used as reference points towards performing analysis and evaluations on the physical channels and signals impacted by this WI.
Proposal 2	Before performing any modifications on the legacy SSB NR structure, RAN1 should evaluate whether puncturing SSB is feasible performance-wise as to be supported in NR spectrum “from approximately 3 MHz up to below 5 MHz”.
Proposal 3	Towards performing puncturing evaluations on SSB, a set of simulation assumptions (accounting for the WID’s use-cases) are determined in RAN1:
	In line with the WID, PSS/SSS is not punctured but puncturing can be applied on PBCH.
	The puncturing is given by the reduced bandwidth, its location within a given NR band, and the candidate SSB(s) located within the reduced bandwidth (depends on the synchronization raster) that preserve PSS/SSS.
o	Accounting for the above, while PSS/SSS is fully preserved companies will also report how much of PBCH is preserved after puncturing.
	The “Transmission Bandwidth” is assumed to consists of [15 NRBs] for a 3MHz channel bandwidth.
Proposal 4	Towards evaluating the puncturing impact on PDCCH in CORESET 0 which depends on the puncturing applied on SSB, a set of simulation assumptions on CORESET 0 and PDCCH (accounting for the WID’s use-cases) are determined in RAN1:
	CORESET 0
o	 = 24, while  is obtained from Table 13-1 in TS 38.213.
o	Interleaved mapping
	 Interleaver size.
o	 REG bundle size.
o	= [0].
o	Normal cyclic prefix.
o	Companies to report the offset parameters “kssb” and “Offset (RBs)”.
	PDCCH
o	SCS = 15 KHz.
o	The minimum number of RBs for CORESET 0 is 24 RBs. With this CORESET 0 size, the maximum supported “Aggregation Level” is 8. Aggregation Level = 8 is used for evaluation purposes.
Proposal 5	For CSI-RS/TRS no puncturing is foreseen to be needed. Depending on the decisions to be taken in RAN4 on how many RBs will compose a bandwidth that “is less than 5 MHz,” the “CSI-FrequencyOccupation” can be updated accordingly (e.g., X RBs composing ~ 3MHz transmission bandwidth).
Proposal 6	RAN1 to confirm that PUCCH in “spectrum allocations from approximately 3 MHz up to below 5 MHz” can be supported without additional specification impacts, since the frequency-domain utilization is either 1 PRB or “1 . . . 16” depending on the PUCCH format.
Proposal 7	RAN1 to confirm that according with the WID’s guideline (e.g., FR1, 15KHz SCS, FDD, etc), the following is to be used as reference for supporting “spectrum allocations from approximately 3 MHz up to below 5 MHz”:
	PRACH preamble formats in Table 6.3.3.1-2 that apply for 15KHz SCS are to be considered.
	Accounting for the PRACH preamble formats to be considered, which entry or entries in Table 6.3.3.2-1 will be considered accounting for the relationship between PRACH and PUSCH.
	Depending on the PRACH preamble formats to be considered, PRACH may not be required to be punctured (If we restrict PRACH to only 15KHz, then the number of RBs is 12).
	Table 6.3.3.2-2 is the one to be considered for the possible PRACH configurations in the time domain since the Rel-18 WI is for FR1 and FDD only.


	NTT DOCOMO
	Proposal 1:
Ask RAN4 the supported channel BW and the number of PRBs less than 5 MHz for bands n100, n8, n26 and n28.
Proposal 2:
For PBCH transmission/reception within the channel BW less than 5 MHz, followings are considered for further study
Option 1: Puncturing PRBs outside the channel BW
Option 2: New PBCH mapping confined within the channel BW
Option 3: PBCH payload reduction
Proposal 3:
For PDCCH transmission/reception in CORESET#0 within the channel BW less than 5 MHz, followings are considered for further study
Option 1: Reuse existing table 13-1 in TS 38.213 and puncture PRBs outside the channel BW
1-1: Define a new CCE-to-REG mapping confined within the channel BW
1-2: Skip the PDCCH monitoring candidates which are not confined within the channel BW
Option 2: Define a new table 13-x for CORESET#0 configuration
Proposal 4:
For TRS transmission/reception within the channel BW less than 5 MHz, followings are considered for further study
Option 1: UEs operating on the channel BW 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 5:
For PUCCH transmission within the channel BW less than 5 MHz, no enhancement dedicated to the channel BW is necessary
Proposal 6:
For PRACH transmission within the channel BW less than 5 MHz, no enhancement dedicated to the channel BW is necessary

	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: Send a LS to RAN4, asking whether the following principle needs to be satisfied for the dedicated spectrum with smaller than 5MHz channel bandwidth: every channel is able to include a SS/PBCH block and its associated CORESET#0 transmitted within its channel bandwidth. 
Proposal #3:  For dedicated band(s) with less than 5MHz channel bandwidth:
Support truncation of RBs for PBCH in the SS/PBCH block;
The SS/PBCH block structure after truncation is unified for all band(s) with less than 5MHz channel bandwidth;
The bandwidth of SS/PBCH block after truncation needs to be discussed, taking into account the tradeoff between PBCH detection performance and SS/PBCH block searching complexity.
Proposal # 4:  Further study the two truncation options for SS/PBCH block:
Option 1: Truncation of RBs from both the higher frequency and lower frequency;
Option 2: Truncation of RBs from the higher frequency only.
Proposal # 5:  For resource configuration of CORESET#0 for less than 5MHz, two options can be considered:
Option 1: Reuse Table 13-1 in TS 38.213 and investigate how to fit CORESET#0 bandwidth into the minimum channel bandwidth less than 5MHz;
Option 2: Define a new CORESET#0 configuration table for the minimum channel bandwidth less than 5MHz.
Proposal # 6: Further study the location of CORESET #0 for dedicated spectrum with less than 5MHz to support up to 8AL in CSS Type 0. 
Proposal # 7: When a new CORESET#0 configuration is defined for less than 5MHz channel BW, the followings should be considered.
The maximum number of PRBs considering the spectrum utilization;
Whether a common CORESET#0 configuration for less than 5MHz is applied regardless of minimum channel BW.
Proposal # 8: Discuss whether need to improve the performance of PDCCH transmission on less than 5MHz BW.
Proposal #9: Following PRACH preamble format that is no larger than the new channel bandwidth defined for dedicated spectrum less than 5MHz can be used. 
PRACH preamble format 0/1/2;
PRACH Preamble format A1/A2/A3/B1/B2/B3/B4/C0/C2 with sequence length .
Proposal #10: No further change is needed for PUCCH to support dedicated spectrum less than 5MHz. 
Proposal #11: No further change is needed for CSI-RS/TRS to support dedicated spectrum less than 5MHz. 

	Qualcomm
	Proposal 1: RAN1 to support the following 2 Cases
Case 1: channel bandwidth and nominal BWP=5MHz, which reuses SSB of 20RBs without puncturing.
Case 2 with BWP=3MHz, which reuses PSS/SSS and puncture 4 or 5RBs of PBCH to have bandwidth of 15RBs or 16RBs.
FFS: SSB pattern with PBCH puncturing
FFS: optional implicit/explicit signalling of early indication for puncturing / channel bandwidth
Observation 1: For BW of 3MHz, PBCH puncturing may result in 1~2dB loss, but the power boosting on the remaining RBs can minimize the loss to 0.5~1.0dB.
Proposal 2: For BW of 3MHz, RAN1 to further consider whether/how to reduce the performance loss due to PBCH puncturing. 
Observation 2: For BW of 3MHz, the use of smaller aggregation levels due to limited bandwidth may result in 0.5~3.3dB loss but the power boosting on the remaining RBs can minimize the loss to 0~1.2dB.
Proposal 3: For BW of 3MHz, RAN1 to further consider whether/how to reduce the performance loss due to PDCCH puncturing within the bandwidth. 
Proposal 4: RAN1 to support
For Case 1 with nominal BWP=5MHz, introduce UE capability of supporting flexible CSI-RS/TRS with 3MHz<BW<5MHz.
FFS: Set of bandwidth values for CSI-RS/TRS
For Case 2 with BWP=3MHz, CSI-RS/TRS has 12RBs or 16RBs based on the BW size determined by RAN4.
Proposal 5: RAN1 to support disabling PUCCH frequency hopping for msg4 at least for Case 1 with nominal BWP=5MHz.
Proposal 6: RAN1 to support disabling PRACH format 3 and FDM in msg1 for dedicated spectrum with less than 5MHz.

	MediaTek
	Proposal 1: Support 16RBs (instead of 15RBs as in LTE) as the minimum number of PRBs for dedicated spectrum less than 5MHz to minimize specification impact. Send LS to RAN4 for confirmation.
Proposal 2: Support PBCH puncturing in the RB level granularity for SSB transmission in spectrum with less than 20RBs.
Proposal 3: 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 4: 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 5: For dedicated spectrum from 3MHz to 5MHz, support CORESET#0 with 12, 16, and 24 RBs.
Proposal 6: For dedicated spectrum less than 5MHz, support CORESET#0 with 1, 2, and 3 symbols. FFS: 4 symbols.
Proposal 7: The minimum number of PRBs for TRS is reduced from 24 to 16.
Proposal 8: Only L=839 and L=113 preamble formats are supported for dedicated spectrum less than 5MHz with SCS = 15kHz.
FFS: Whether/how to support Preamble format 3 with L=839 and SCS=5kHz in CBWs less than 24RBs

	LG
	Proposal 1: Discuss whether and how to support puncturing of PBCH for dedicated FDD spectrum less than 5 MHz for FR1 in NR.
Proposal 2: If puncturing of PBCH is supported for dedicated FDD spectrum less than 5 MHz for FR1 in NR, discuss whether and how to recover PBCH coverage loss caused by punctured PBCH transmission.
Proposal 3: For enhancements on PDCCH for dedicated FDD spectrum less than 5 MHz for FR1 in NR, consider the following alternatives:
Alt.1) Reuse existing CORESET#0 configurations with punctured PDCCH transmission
Alt.2) Support power boosting of the (punctured) PDCCH
Alt.3) Support dedicated CORESET#0 for dedicated spectrum less than 5 MHz
Alt.4) Support new CCE AL (e.g., CCE A = 6, 12)
Proposal 4: Discuss whether to configure the initial DL BWP separately or independently from the CORESET#0.
Proposal 5: Discuss if enhancements on the user multiplexing capacity for common PUCCH is needed e.g., for massive connection.
Proposal 6: Discuss whether and how to support PRACH preamble format 3 for dedicated FDD spectrum less than 5 MHz for FR1 in NR.

	Nokia
	Bandwidth
Proposal 1: RAN1 assumes 15 RB max Tx BW for the 3 MHz CBW until RAN4 achieves agreement on that. Request RAN4 feedback through an outgoing LS from RAN1#111. 
Observation 1: For FRMCS gradual migration, 3 MHz and 5 MHz channel bandwidths are sufficient from RF viewpoint, while a larger set of L1 transmission bandwidths is needed to facilitate co-existence with up to 14 GSM-R carriers on the n100 band. 
Proposal 2: Optional 12 or 13 RB Tx BW is considered for SSB and CORESET#0 in addition to 15 RB Tx BW for FRMCS migragation.
Initial access
Proposal 3: Perform puncturing of SSB (PBCH) with RB granularity for transmission bandwidths below 20 RBs.
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.
Proposal 4: Study how UE could determine whether or not puncturing is applied to PBCH and what is the applied puncturing pattern. 
Proposal 5: For punctured PBCH, support at least transmission bandwidth of 15 RBs. FFS other, optional, transmission bandwidths for the punctured PBCH.
Observation 4: 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 5: A new sync raster design is needed for band n100 to support narrowband NR allocation in both ends of the band.
Observation 6: 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 7: 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.
Proposal 6: Support one puncturing pattern for the 15 RB punctured SSB for the 15 RB channel bandwidth.
Proposal 7: Conclude that from RAN1 point of view support of 100 kHz synchronization raster for the punctured SSB transmissions is beneficial. Request RAN4 feedback on the feasibility of the support through an outgoing LS from RAN1#111. 
Proposal 8: New 100 kHz synchronization raster for the punctured SSB transmissions is either in +90 or -90 kHz offset to the channel raster.
Proposal 9: Support one of the following puncturing patterns for the SSB for 15 RB SSB bandwidth:
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 8: 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
PDCCH
Observation 9: PDCCH for SIB1 requires special consideration
Proposal 10: Keep CORESET#0 aligned at the CCE level with the non-punctured RBs of the SSB
Observation 10: 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 11: PDCCH puncturing is unavoidable with 3MHz channel bandwidth. 
Proposal 11: Support non-interleaved CCE mapping also for CORESET#0 comprising 15 RBs or less. 
Proposal 12: Support PDCCH puncturing with RB resolution for CORESET#0 comprising 15 RBs or less.
Observation 12: 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 13: To minimize the loss due to PDCCH puncturing, UE should know the punctured RBs in advance. 
Other channels and signals
Observation 13: No changes are required to PRACH formats to support below 5 MHz NR bandwidths.
Observation 14: No changes are required to PUCCH to support below 5 MHz NR bandwidths.
Even with narrow BWPs, there are several PUCCH resource sets and even more PUCCH resources that have sufficient frequency separation between the frequency hops.
Observation 15: No changes are required to CSI-RS to support below 5 MHz NR bandwidths.
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