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Introduction
[bookmark: _Hlk53783455][bookmark: OLE_LINK7]In RAN#99, the WID for NR support for dedicated spectrum less than 5MHz for FR1 was revised and agreed [1]. The following objectives are included for dedicated FDD spectrum in FR1:
	· [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, n106, n26, n28 and n85:
· 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, n106, n28 and n85.
· 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 submitted to RAN1#114bis AI 8.9.1 on the enhancements to operate NR on dedicated spectrum less than 5MHz. The discussions are under the following email thread in RAN1#114bis. 
[114bis-R18-FR1<5MHz] Email discussion on NR support for dedicated spectrum less than 5MHz – Yuantao (Lenovo)
· 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

Remaining issues
[bookmark: OLE_LINK33]BWPs for 3MHz channel BW
Nokia, NSB, ZTE, Apple, Qualcomm, DOCOMO propose that a UE capable of 12 PRBs CORESET#0 can be configured with 12 PRBs BWP. It is similar with configuring 20 PRBs BWP for UE capable of 20 PRBs CORESET#0, as was agreed in the previous meeting (see below note 1). 
	[bookmark: _Hlk147433145]Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0


Based on companies’ views, proposal 2.1.1-1 is provided on BWPs for 3MHz channel BW.
First round discussion
Proposal 2.1.1-1: For 3MHz channel BW, UE can be configured with 12 PRBs BWP for UE capable of 12 PRBs CORESET#0.
	Companies
	Y/N
	Comments

	Ericsson
	Y
	Ok as long as we use the same wording as in RAN1#114, so we are ok with Proposal 2.1.1-1 as it is now.

	Qualcomm
	Y with comments
	Similar as that agreement for 20RB CORSET0, it should be clarified that BWP=12RBs can be supported for 12RB CORESET0 only the sync raster point of 920.73MHz with the note added.
· Note: The 12 PRBs CORESET#0 is only valid for the new sync. raster (=920.73 MHz) for band n100, 3MHz channel BW

	ZTE
	Y
	We agree that for 3MHz channel BW, UE can be configured with 12 PRBs BWP for UE capable of 12 PRBs CORESET#0. In addition, it’s better to also clarify that UE can be also configured 15 PRBs BWP for UE capable of 15 PRBs CORESET#0.

	Nokia, NSB
	Y
	To be consistent with the 20 PRB case, it is good to make this clarification.
And we agree with QC, that this should be restricted to the single sync raster point with 12 PRB TX bandwidth. 

	Samsung
	
	We agree with the technical aspect of the proposal, but didn’t see a need for the agreement. Based on current specification, it’s obvious. 



PDCCH 
Association of 12 PRBs CORESET#0 with the new sync. raster point
Nokia, NSB, Qualcomm propose that 12 PRBs CORESET#0 is only valid for the new sync. raster point 920.73MHz (i.e., GSCN 41637 on band n100). For other sync. raster points, UE does not need to support 12 PRBs CORESET#0, and 15 PRBs CORESET#0 should be configured in this case. This is similar with the agreed note in below, where 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW. Reasons from companies also include better PDCCH detection performance and PDCCH capacity for 15 PRBs CORESET#0, logically aligned operation of 3MHz and 5MHz channel BW in terms of CORESET#0 size, etc.
	Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0


Based on companies’ views, proposal 2.2.1-1 is provided on the association of 12 PRBs CORESET#0 with the new sync. raster point. 
nshift in CCE to REG mapping 
Companies views on nshift in CCE to REG mapping for CORESET#0 are summarized in below.
· Samsung, Nokia, NSB, Apple: no enhancements are needed for nshift. nshift is defined as cell ID as in legacy for interleaved CCE to REG mapping.
· Huawei, Hisilicon: To minimize the number of punctured CCEs for interleaved CCE to REG mapping, nshift equals to cell_ID ∙ 6 for 15-PRB CORESET#0 and cell_ID for 12-PRB and 20-PRB CORESET#0. 
· Lenovo: nshift should be revised at least for 15 PRBs CORESET# to mitigate the noticeable performance difference of PDCCH detection among cells.
· Qualcomm: The CORESET0 CCE-to-REG mapping applies nshift =(cell ID mod 3) for 3-symbol 15PRBs CORESET0 without interleaving and nshift =cell ID for other cases.
For non-interleaved CCE to REG mapping, as specified in TS38.211 section 7.3.2.2, f(x) = x (i.e., the CCE #k maps to REG bundle #k). nshift does not play a role here. Based on this, some companies point out that no discussion is needed for nshift for non-interleaved CCE to REG mapping. On the other hand, Qualcomm believes that nshift should be supported also for non-interleaved CCE to REG mapping for CORESET#0 for 3MHz channel BW, since it achieves inter-cell interference randomization, which is important especially for small ALs within a narrowband.
For interleaved CCE to REG mapping, a CCE #k of CORESET#0 might map to a different REG bundle in different cells with nshift = cell ID. As a result, puncturing same REG bundles might result in different punctured CCEs in different cells. Specifically, more CCEs might be punctured in one cell than another cell for a PDCCH candidate, as pointed out by Huawei. 
Given that more companies prefer to keep nshift as it is for interleaved CCE to REG mapping, it is proposed in proposal 2.2.1-2 that no enhancements are needed for nshift for interleaved CCE to REG mapping for CORESET#0, i.e., nshift equals to cell ID for interleaved CCE to REG mapping.
Validation of a PDCCH candidate
Nokia, NSB, Lenovo observe that the number of available CCEs of a PDCCH candidate might be limited due to puncturing. It is then proposed that a PDCCH candidate might be invalid in below cases. 
· Nokia, NSB: A PDCCH candidate with more than [50%] PRBs punctured is considered as an invalid PDCCH candidate, that the UE is not expected to monitor. 
· Lenovo: UE does not need to detect a PDCCH candidate of Type-0 PDCCH CSS if the number of unpunctured CCEs is less than k, e.g., k = 2.
Based on companies’ views, proposal 2.2.1-3 is provided on the validation of a PDCCH candidate due to puncturing. 
Others
Nokia, NSB proposes to support RB puncturing for UE specific CORESETs for 3MHz and 5MHz channel BW. The reason is that in legacy CORESET configuration, one bit in frequencyDomainResources indicates a RB group of 6 PRBs. Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero.  This would mean that the maximum aggregation level for a PDCCH transmitted via UE specific CORESET would be only AL4 for 3MHz CBW. This limitation would create unnecessary performance degradation for PDCCH capacity and coverage.
Proposal 2.2.1-4 is provided to collect companies’ views on using RB puncturing for UE specific CORSET. 
Ericsson proposes that in TS 38.211 s7.4.3.1 there is a legacy statement using “subcarrier number 0 of the SS/PBCH block” as reference, which requires a clarification when the SS/PBCH block is punctured.
In proposal 2.2.1-5, the proposed text proposals from Ericsson are provided to collect companies’ views. 
LG proposes following, 
· For the hashing function to calculate the PDCCH CCE indices for reception of a PDCCH in a punctured CORESET#0, the total number of CCEs in the CORESET#0, NCCE,p, is derived based on the CORESET#0 before puncturing.
· For 15-PRB CORESET#0 and 20-PRB CORESET#0 (both derived by puncturing existing 24-PRB CORESET#0), PDCCH DMRS sequence is generated based on the CORESET#0 before puncturing.
Proposal 2.2.1-6 is provided for collect companies’ views on these two aspects.
[bookmark: OLE_LINK3]First round discussion
Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
Proposal 2.2.1-1: The 12 PRBs CORESET#0 is only valid for the new sync. raster point (=920.73MHz, GSCN 41637 on band n100) for 3MHz channel BW. 
	[bookmark: OLE_LINK29]Companies
	Y/N
	Comments

	Ericsson
	Y
	This is in line with the intended design and evaluations performed during the WI.

	Qualcomm
	Y
	

	ZTE
	N
	According to RAN4 specification, it is feasible to transmit 12-PRB common channel, including CORESET#0, within a 15-PRB available transmission bandwidth which is associated with sync raster points defined in Table 5.4.3.1-2. In other words, RAN4 spec supports 12 PRBs CORESET#0 for both the new sync. raster point (=920.73MHz, GSCN 41637 on band n100) defined in Table 5.4.3.1-3 and the sync raster points defined in Table 5.4.3.1-2.
In RAN1, 12-PRB CORESET#0 is supported without any puncturing, which could be easy for implementation and may have better performance compared with a 15-PRB CORESET#0 by puncturing in some cases. 
With above, it is not necessary to limit gNB to only configure a 12-PRB CORESET#0 within a 12-PRB available transmission bandwidth, i.e., associated with the new sync. raster point (=920.73MHz). 

	DOCOMO
	Y
	Can be flexible if majority companies see the need not to limit the applicable cases, since supporting 12 PRB CORESET#0 is optional capability, anyway.

	Nokia, NSB
	Y
	We think this is reasonable, as the gNB does not know the support of the 12 PRB CORESET during initial access. Therefore, the gNB anyhow would use the 15 PRB for the ‘normal 3 MHz’ sync raster points – so the restriction is reasonable (and not really limiting). 

	Samsung
	N
	Such restriction is not needed (up to gNB’s implementation), and this proposal is a UE feature discussion and has no RAN1 spec impact. 



Proposal 2.2.1-2: No enhancements are needed for CCE to REG mapping for CORESET#0 for 3MHz and 5MHz channel BW.
· nshift = cell ID for interleaved CCE to REG mapping
	[bookmark: OLE_LINK39]Companies
	Y/N
	Comments

	Ericsson
	Y
	Just as in legacy.

	Qualcomm
	N
	For legacy CORESET0, nshift is supported for cell randomization. 
· Note that non-interleaving without nshift is not supported for CORESET0, but only supported for UE-specific CORESET which does not require cell randomization.
· Note that CORESET0 can be used for small to large AL and AL=4/8/16 is limited for Type0/0A/2/2A CSS.
For new CORESET0, cell randomization is also needed, as legacy. 
· No matter whether it is interleaved or non-interleaved, it is important to add nshift for PDCCH CCE mapping.
· [bookmark: OLE_LINK1]The inter-cell interference randomization is important especially for small Als within a narrowband, such as 3MHz with 15RB CORESET0, where the PDCCH candidates of different cells cannot be distributed across a large BW.  
· For large AL, the nshift should be limited for non-interleaving case to reduce the number of punctured CCEs. 
Therefore, we propose nshift is supported for both interleaved and non-interleaved CORESET0. 
· nshift =cell ID for interleaved CORESET0
nshift =cell ID mod 3 for non-interleaved CORESET0

	ZTE
	Y
	

	DOCOMO
	Y
	If current interleaved CCE to REG mapping for 15 PRB CORESET does not work for some cells, NW can use non-interleaved CCE to REG mapping

	Nokia, NSB
	Y
	Agree with DoCoMo

	Samsung
	Y
	


[bookmark: OLE_LINK20]Proposal 2.2.1-3: A PDCCH candidate of an aggregation level is invalid if [more than half] of the CCEs are punctured, e.g., an AL = k PDCCH candidate is invalid if [> k/2] CCEs are punctured. 
	Companies
	Y/N
	Comments

	Ericsson
	N
	No need to impose any rule, how to deal with the PDCCH candidates can be left up to implementation. 

	Qualcomm
	Y in principle
	UE is not required to detect the PDCCH candidate with x% CCEs per AL fully or partially punctured, FFS x=25%

	ZTE
	N
	

	DOCOMO
	N
	We don’t see the necessity. 
1) from NW point of view, it is completely up to NW whether to use such PDCCH candidate to transmit DCI.
2) from UE point of view, UE anyway supports current BD/CCE budget, which would be enough for the limited CORESET BW.

	Nokia, NSB
	Y
	We see that it is good to clarify this aspect as suggested.

	Samsung
	N
	Didn’t see such a need. 


Proposal 2.2.1-4: Support RB puncturing for UE specific CORESETs for 3 MHz CWB, as well as 5 MHz CBW with 20 PRB transmission bandwidth (GSCN = 41638)
	Companies
	Y/N
	Comments

	Ericsson
	N
	UE specific CORESET offers functional support, thus this proposal falls into the category of being an optimization.

	Qualcomm
	
	For 3MHz CBW with 12RB tx BW, 6, 12RB CORESET is supported and no need to introduce RB puncturing.
For 3MHz CBW with 15RB tx BW, only 6, 12RB CORESET can be configured if no puncturing. 15RB CORESET can be supported by using puncturing.
For 5MHz CBW with 20RB tx BW, only 6, 12, 18RB CORESET can be configured if no puncturing. 20RB CORESET can be supported by using puncturing.

	DOCOMO
	
	Fine to introduce the same puncturing as CORESET#0 for 15/20 PRBs

	Nokia, NSB
	Y
	We see it is useful to support same kind of CORESET allocation for both CORESET#0 and the UE specific ones to ensure same performance. Otherwise there would be unnecessary limitations for the coverage of PDCCH. 

	Samsung
	N
	Current specification already provide sufficient support. Why do we need this new proposal. 



Proposal 2.2.1-5: Adopt following text proposals in TS38.211, s7.4.3.1

The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block (or the lowest subcarrier expected to be received of the SS/PBCH block after puncturing if any), where  is obtained from the higher-layer parameter offsetToPointA. 
--------
For an SS/PBCH block, the UE shall assume 
· antenna port  is used for transmission of PSS, SSS, PBCH and DM-RS for PBCH,
· ……………
· This common resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block (or the lowest subcarrier expected to be received of the first resource block of the SS/PBCH block after puncturing if any).

	Companies
	Y/N
	Comments

	Ericsson
	Y
	

	Qualcomm
	
	Maybe be simplified to add ‘the SS/PBCH block after puncturing if any’?

	ZTE
	
	Fine with the version from Qualcomm. 

	DOCOMO
	Y
	

	Nokia, NSB
	Y
	Agree a clarification is needed. Agree that QCOM’s simplified wording can do the same thing.

	Samsung
	
	OK to add “after puncturing if any” for clarification. 


Proposal 2.2.1-6: Clarify following in the spec.
· NCCE,p, in the hash function is derived based on the CORESET#0 before puncturing.
·  PDCCH DMRS sequence is generated based on the CORESET#0 before puncturing. 
	Companies
	Y/N
	Comments

	Ericsson
	See comment
	At this stage that should be clear, we are not meant to touch those legacy procedures, just at the very last stage certain PRBs will be punctured since they are not expected to be received by the UE.

	Qualcomm
	
	Can be clarified as a conclusion.

	ZTE
	
	It should be clear that ‘Puncturing’ means the related processing is still based on legacy, i.e., based on the CORESET#0 before puncturing. 

	DOCOMO
	Y
	Conclusion without spec impact is also fine

	Nokia, NSB
	
	We are fine to clarify this

	Samsung
	N
	No need for this proposal. In current specification TS 38.211, it’s already clear that puncturing is performed after CCE-to-REG mapping, then no need to further specify anything. 



CSI-RS/TRS
RAN1#112 made the following conclusions for CSI-RS/TRS.
	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
· FFS: CSI-RS for RRM


For CSI-RS for RRM measurements, the issue is that the minimum configurable CSI-RS BW of 24 PRBs is larger than the transmission bandwidths of the 3MHz channel BW and 5MHz channel BW. On the other hand, SSBs can be used for RRM measurements although different companies may have different view if the performance of SSB based RRM measurements is good enough. Companies’ views are summarized as in below, 
· ZTE, Td Tech: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM.
· LG, Samsung, MediaTek, DOCOMO: no enhancements are needed for CSI-RS for RRM measurements. Rely on SSBs for RRM measurements.
For CSI-RS other than RRM, it was concluded that no enhancements are needed for 3MHz channel BW, but not concluded yet whether to introduce enhancements for 5MHz channel bandwidth. ZTE proposes that no enhancements is needed for CSI-RS for 5MHz channel BW, since the CSI-RS can be defined within the available bandwidth of 5MHz channel bandwidth by configuring a 20 PRBs BWP. 
Based on companies’ views, it is proposed in proposal 2.3.1-1 that in total no enhancements are needed for CSI-RS/TRS.  
First round discussion
[bookmark: OLE_LINK15]Proposal 2.3.1-1: For dedicated spectrum with less than 5MHz transmission BW, no enhancements are needed for CSI-RS/TRS.
	[bookmark: OLE_LINK22]Companies
	Y/N
	Comments

	Ericsson
	Y
	Please note that RAN4 has reached the following agreement:
Agreement:  
Issue 1-1: Define CSI-RS-based L1 measurement requirements? 
-    Do not define CSI-RS-based L1 measurements, RLM, BFD, CBD requirements in Rel-18  
 

	ZTE
	
	For 3MHz channel bandwidth, we prefer to support to configure a lower bandwidth for CSI-RS for RRM, otherwise CSI-RS based RRM which is more flexible would not be able to be supported. 

	DOCOMO
	Y
	

	Nokia, NSB
	Y
	

	Samsung
	Y
	



[bookmark: OLE_LINK32]PUCCH
PUCCH FH
Companies’ views on PUCCH FH disabling are summarized as in below, 
· FUTUREWEI, Spreadtrum: Support the disabling of frequency hopping for PUCCH for idle states.
· ZTE, Samsung, MediaTek, NTT DOCOMO, Nokia, NSB, Apple: No need optimization for gNB to disable FH for common PUCCH.
In previous discussions, one concern is that if the size of the initial BWP must be the channel BW, one PUCCH hop might fall outside of the transmission BW, which leads to poor PUCCH performance. However, as point out by companies, now UE can be configured a BWP size same with the available BW for 20 PRBs (expected to be applicable for 12 PRBs as well), the PUCCH hops will be always within the available BW. This is the main reason that companies do not see the need to optimize the PUCCH FH. In addition, MediaTek observes that no need to disable PUCCH frequency hopping to reduce PUSCH fragmentation in neighbouring cells, since PUSCH fragmentation reduction can be mitigated through using resource allocation Type 0.
	[bookmark: _Hlk147430525]Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0


On the other hand, FUTUREWEI observes that disabling PUCCH FH is beneficial to reduce/avoid interference, including the interference from adjacent GSM signals, interference from neighboring cells with higher transmission BW, and interference from legacy cells on the PUCCH. Spreadtrum considers that there will be no significant gain of frequency hopping in BW less than 5MHz, PUCCH FH can be disabled for sake of simplicity. 
Based on majority view, it is proposed in proposal 2.4.1-1 that no enhancements are needed to disable FH for common PUCCH.
PUCCH resource determination
 LG proposes to clarify that the values of parameters  (number of CCEs in a CORESET of a PDCCH reception with the DCI format) and  (the index of a first CCE for the PDCCH reception) for determining the PUCCH resource are derived based on the CORESET#0 before puncturing. Proposal 2.4.1-2 is provided to collect companies’ views on this. 
First round discussion
[bookmark: OLE_LINK26]Proposal 2.4.1-1: For 3MHz and 5MHz channel BW for dedicated spectrum, no enhancements are needed for common PUCCH to disable FH. 
	Companies
	Y/N
	Comments

	Ericsson
	Y
	At the end of RAN1# 114, when we discussed and agreed that a BWP smaller than the maximum transmission bandwidth will be used (i.e., Note 1 in the agreement for 5 MHz CBW), it was mentioned that with it, then it would not be necessary to discuss anymore the disablement of FH.

	ZTE
	Y
	

	DOCOMO
	Y
	

	Nokia, NSB
	Y
	

	Samsung
	Y
	



Proposal 2.4.1-2: Clarify in the spec. (TS38.213, s9.2.1) that  and  for determining the PUCCH resource are derived based on the CORESET#0 before puncturing. 
	Companies
	Y/N
	Comments

	Ericsson
	See comment
	Same comment as under proposal 2.2.1-6, we are not meant to touch those legacy procedures, just at the very last stage certain PRBs will be punctured since they are not expected to be received by the UE.

	ZTE
	N
	

	DOCOMO
	Y
	Conclusion without spec impact is also fine

	Nokia, NSB
	Y
	We see that it is good to clarify this aspect. A conclusion may suffice.

	Samsung
	
	Similar to comment above – current specification is already clear. 



Others
Below issues are proposed by companies, 
· LG: the definition of offsetToPointA as specified in TS 38.211 s4.4.4.2 needs to be updated. If the SSB is punctured, then the offsetToPointA needs to be based on the SSB after puncturing. In proposal 2.5.1-1, text proposals from LG are provided to collect companies’ view on this. 
· LG: Support EPRE boosting to recover the detection performance loss of the 12-PRB PBCH for the 3 MHz channel bandwidth in all bands; Support EPRE boosting to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5MHz. Question 2.5.1-1 is provided to collect companies’ views on EPRE boosting. 
· Spreadtrum: For 3MHz channel BW, the UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, kssb = 8 or 20 for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 for 15RPBs CORESET#0 with offset 2 PRBs.
· FL comment: Such restrictions on kssb were discussed in RAN1#114, and concluded that they should be based on implementation and no spec. changes are needed. 
· TD Tech: For the system bandwidth of 15 RBs, a CCE consists of 3 REGs; For the system bandwidth of 15 RBs, a CORESET other than CORESET 0 can be configured with more than 3 OFDM symbols in a DL timeslot. 
· FL comment: these proposals are not aligned with what have agreed, so we will not discuss them in maintenance phase. 
· Qualcomm: If the NCD-SSB not on the sync raster points can be configured, gNB may indicate SSB BW, ssb-PBCH-BlockPower and corresponding Tx BW if different than that of SSB of the serving cell. Question 2.5.1-2 is provided to collect companies’ view on configurations of NCD-SSB transmission NOT on the new sync. raster points.
First round discussion
Proposal 2.5.1-1: Adopt following text proposal for the definition of offsetToPointA in 38.211 s4.4.4.2
offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and the lowest subcarrier of the lowest resource block, which overlaps with the SS/PBCH block after puncturing, if any, used by the UE for initial cell selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz subcarrier spacing for FR2;
	Company
	Comments

	Ericsson
	We can discuss, but perhaps in this case a clarification is not needed because the statement does not say “subcarrier 0 of the SS/PBCH block” as it happens in other clauses, here it says “which overlaps with the SS/PBCH block used by the UE for initial cell selection” which description seems to equally work for both legacy unpuctured and Rel-18 punctured case.

	DOCOMO
	OK

	Nokia, NSB
	We are fine to clarify this

	Samsung
	OK with this proposal. 



Question 2.5.1-1: Any enhancements are needed on EPRE boosting for PBCH and/or PDCCH?
	Company
	Comments

	Ericsson
	For one of them (i.e., the one having as choices 0dB and 3dB), we had already said we can leave it up to the gNodeB to select properly among the two available options. For the other case, the proponent would need to provide an analysis/evidence that the legacy range is insufficient.

	DOCOMO
	We don’t see the need of these enhancements other than NW implementation. The difference of BW between SSS and 12PRB-PBCH/CORESET is marginal. The ratio of EPRE between SSS and PDCCH DPRS can be within -8dB and 8dB, which seems enough for 15PRB-CORESET#0 case.

	Nokia, NSB
	For now we have not identified a critical need for further enhancements.

	Samsung
	We support limit RPRE difference between SSS and PBCH as 0 dB to save UE’s complexity. 



Question 2.5.1-2: Is it necessary to discuss NCD-SSB(s) not on the new sync. raster points, in which case the gNB may need to indicate SSB BW, ssb-PBCH-BlockPower and corresponding Tx BW if different than that of SSB of the serving cell?
	Company
	Comments

	Ericsson
	Does not seem to fit into the Rel-18 enhancements. It is a proposal envisioning the future compatibility with other features (e.g., NR-CA, etc).

	Qualcomm
	The SSB not on the new sync. raster points has been raised in RAN4 already. RAN1 to discuss the potential impact.

	DOCOMO
	We are not sure why NCD-SSB needs to be transmitted on the <5MHz BW.

	Nokia, NSB
	So far we have not identified a need for related enhancements that would require spec changes. 

	Samsung
	We didn’t see a reasonable scenario to have both CD-SSB and NCD-SSB in the same narrow band. 




Question 2.5.1-3: Any other aspects need to be discussed? 
	Company
	Comments

	
	

	
	




Proposals for online discussion

Proposed conclusion #1:
For 3MHz channel BW, UE can be configured with 12 PRBs BWP for UE capable of 12 PRBs CORESET#0.
· The 12 PRBs CORESET#0 is only applicable for the new sync. raster point (=920.73MHz, GSCN 41637 on band n100) for 3MHz channel BW.

Proposed conclusion #2:
No consensus in RAN1 to support any enhancements for CSI-RS/TRS for dedicated spectrum less than 5MHz transmission BW.

Proposed conclusion #3:
No consensus in RAN1 to support any enhancements for common PUCCH for dedicated spectrum less than 5MHz transmission BW.

Proposal #1: 
Adopt following text proposals in TS38.211, s7.4.3.1

The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block (or the lowest subcarrier expected to be received of the SS/PBCH block after puncturing if any), where  is obtained from the higher-layer parameter offsetToPointA. 
--------
For an SS/PBCH block, the UE shall assume 
· antenna port  is used for transmission of PSS, SSS, PBCH and DM-RS for PBCH,
· ……………
· This common resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block (or the lowest subcarrier expected to be received of the first resource block of the SS/PBCH block after puncturing if any).

RAN1 Agreements/Conclusions/Working assumptions
RAN1#111
Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.
Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS
Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.
Note: include this agreement into the LS
Agreement 
Including following 2 questions into the LS
Question 1: RAN1’s understanding is that in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
Agreement
The Draft LS to RAN4 R1-2212898 is endorsed in principle with modified question as agreed above and all agreements and conclusions made in RAN1#111.
Agreement
[bookmark: OLE_LINK23]Final LS to RAN4 R1-2212919 is endorsed.
[bookmark: _Hlk119584988]Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.
Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Conclusion
No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable
Agreement
Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth.
Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.
Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 
Agreement
Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified

RAN1#112
Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM 
Agreement 
· For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following and RAN plenary guidance,
· For 5MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz up to below 5 MHz. What is the recommended transmission BW(s) to consider?
· For 3MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz. What is the recommended transmission BW(s) to consider?
· No intention to change the WID scope and TU
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed
Agreement
Final LS R1-2302186 is endorsed.
RAN1#113:
[bookmark: OLE_LINK8]Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.
Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· [bookmark: _Hlk142294917]In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6
Agreement
Confirm following RAN1#112 working assumption.
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed
Agreement
Draft LS R1-2306240 is endorsed in principle.
Agreement
Final LS R1-2306241 is endorsed.
RAN1#114
Agreement
[bookmark: _Hlk146891579]For 3MHz channel BW, the 15 PRBs CORESET#0 is obtained by puncturing the 9 upper PRBs of 𝑁RB CORESET = 24 CORESET#0.
Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, [kssb = 8 for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 for 15RPBs CORESET#0 with offset 2 PRBs]
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, at least PRB offset = 0, [2] are supported
· FFS if offset = 1, 3 are supported.
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Agreement
For CORESET#0 for less than 5MHz transmission bandwidth, the UE assumes the same precoding being used per REG bundle. 
Note: This depends on UE implementation whether channel estimation can be performed for partial REG bundle, if any.
Agreement 
Revise the previous agreement as below, 
Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, [kssb = 8 [or 20] for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 [or 16] for 15RPBs CORESET#0 with offset 2 PRBs]
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, at least PRB offset = 0, [2] 2 are supported
· FFS if offset = 1, 3 are supported.
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Note: the range of the PRB offsets is only applicable to the introduced new sync. raster points for 3MHz channel BW and 100kHz channel raster.
Agreement
For 3MHz channel BW, Table 13-0 is used by the UE for CORESET#0 configuration only when the detected SSB is from a new synch raster point in RAN4. 
FFS: any specification impact.
Agreement
For dedicated spectrum with less than 5MHz transmission BW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
· For 12 PRBs CORESET#0 transmission BW, the initial DL BWP has 12 PRBs.
· For 15 PRBs CORESET#0 transmission BW, the initial DL BWP has 15 PRBs.
Note: whether/how to reflect the above is up to Editor.
Conclusion (based on RAN1#113 agreement)
For 2 symbols and 3 symbols for 15 PRBs CORESET#0, both interleaved and non-interleaved CCE to REG mapping are supported.
Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0
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Appendix
Companies’ observations and proposals are listed here for reference.
	Company
	Observations and proposals 

	Huawei, HiSilicon
	Specify that  nshift  equals to cell_ID ∙ 6 for 15-PRB CORESET#0 and cell_ID for 12-PRB and 20-PRB CORESET#0.

	FUTUREWEI
	Proposal 1: Support the disabling of frequency hopping for PUCCH for idle states.


	ZTE
	Transmission BWP of 3MHz channel bandwidth
Proposal 1: UE can be configured with 12 or 15 PRBs BWP for UE capable of 12 and 15 PRBs CORESET#0 for 3MHz channel bandwidth.
CSI-RS
Proposal 2: 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 size20.
Proposal 3: For supporting dedicated spectrum less than 5MHz in FR1, no enhancements are needed for CSI-RS other than for RRM.
PUCCH
[bookmark: _Hlk147428178]Proposal 4: No need any optimization for gNB to disable the PUCCH FH function. 


	Nokia, NSB
	Proposal 1: A UE capable of 12 PRB CORESET#0 can be configured with 12 PRB BWP for the GSCN value 41637 on band n100.  
Proposal 2: For dedicated spectrum with less than 5MHz transmission BW and 5 MHz CBW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
-	For 20 PRBs CORESET#0 transmission BW, the initial DL BWP has 20 PRBs.
Proposal 3: The CORESET#0 operation is further clarified as: 
The 12 RB CORESET #0 (index 0 & 1 of Table 13-0 of 38.101-1) is applicable only to GSCN value 41637.
The 20 RB CORESET #0 (index 10 & 11 of Table 13-0 of 38.101-1) is applicable only to GSCN value 41638.
Proposal 4:   is defined as  for CORESET#0 also with 3 MHz channel BW.

Proposal 5: Support RB puncturing for UE specific CORESETs for 3 MHz CWB, as well as 5 MHz CBW with 20 PRB transmission bandwidth (GSCN = 41638) 
Proposal 6: A PDCCH candidate with more than [50%] PRBs punctured is considered as an invalid PDCCH candidate, that the UE is not expected to monitor.


	LG
	Proposal 1: Adopt the text proposal in Section 2.1 for the definition of offsetToPointA in TS 38.211 s4.4.4.2 for the case where the PBCH is punctured.
Proposal 2: Support EPRE boosting to recover the detection performance loss of the 12-PRB PBCH for the 3 MHz channel bandwidth in all bands.
Proposal 3: Discuss whether enhancement is needed on the issue of cell-ID dependent variation in PDCCH reception performance caused by the nshift parameter for the interleaved CCE-to-REG mapping in the case of the punctured CORESET#0.
Proposal 4: For the hashing function to calculate the PDCCH CCE indices for reception of a PDCCH in a punctured CORESET#0, the total number of CCEs in the CORESET#0, NCCE,p, is derived based on the CORESET#0 before puncturing.
Proposal 5: For 15-PRB CORESET#0 and 20-PRB CORESET#0 (both derived by puncturing existing 24-PRB CORESET#0), PDCCH DMRS sequence is generated based on the CORESET#0 before puncturing.
Proposal 6: Support EPRE boosting (Opt.1) to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz.
Proposal 7: The values of parameters  (number of CCEs in a CORESET of a PDCCH reception with the DCI format) and  (the index of a first CCE for the PDCCH reception) for determining the PUCCH resource are derived based on the CORESET#0 before puncturing.
Proposal 8: For RRM, CSI-RS is not supported, i.e., only SSB is supported for RRM measurements.



	Samsung
	Proposal 1: nshift = cell ID for interleaved CCE to REG mapping
Proposal 2: RAN1 shall conclude not to support any enhancement to CSI-RS for RRM. 
No spec change needed.
Proposal 3: RAN1 shall conclude not to support any enhancement to PUCCH FH disabling.
No spec change needed.


	TD Tech
	Proposal 1: For the system bandwidth of 15 RBs, a dedicated DL BWP has a fixed bandwidth of 15 RBs.
Proposal 2: For the system bandwidth of 15 RBs, a CORESET other than CORESET 0 can be configured with a fixed bandwidth of 15 RBs.
Proposal 3: For the system bandwidth of 15 RBs, a CCE consists of 3 REGs.
Proposal 4: For the system bandwidth of 15 RBs, a CORESET other than CORESET 0 can be configured with more than 3 OFDM symbols in a DL timeslot.
Proposal 5: For the system bandwidth of 15 RBs, new bandwidths of 12 RBs and 15 RBs can be introduced for CSI RS for RRM.
Proposal 6: Bigger time-domain densities and bigger frequency-domain densities of the CSI RS for RRM can be introduced to compensate the performance loss resulting from new bandwidths of 12 RBs and 15 RBs.


	Lenovo
	Observation 1: With nshift being cell ID for CCE to REG mapping,
For 15 PRBs CORESET#0, there will be up to 2 and half CCEs resource gap among different cells for AL=8, which leads to noticeable performance difference of PDCCH detection. 
For 20 PRBs CORESET#0, there will be up to 1 and 1/3 CCEs resource gap among different cells for AL=8, which leads to some performance difference of PDCCH detection. 
Proposal 1: nshift should be revised at least for 15 PRBs CORESET# to mitigate the noticeable performance difference of PDCCH detection among cells. e.g., nshift revised to be 0 for non-interleaved CCE to REG mapping for 15 PRBs 3 symbols CORESET#0.
Observation 2: For both 15 PRBs and 20 PRBs CORESET#0, some PDCCH candidates contain only limited number of unpunctured CCEs, e.g., some AL=4 candidates may contain even less than 1 CCE. 
Proposal 2: UE does not need to detect a PDCCH candidate if the number of unpunctured CCEs is less than k, e.g., k = 2. 


	Apple
	Proposal 1: For non-interleaved CCE-to-REG mapping, reuse the legacy rule for 3-symbol CORESET #0 with 15 RBs channel BW (i.e., no impact by n_shift) 
Proposal 2: For 3MHz channel BW, a UE can be configured with 12 PRBs BWP for UE capable of 12 PRBs CORESET #0. 


	Ericsson
	Based on the discussion in the previous section we made the following observations:
Observation 1	For a 3 MHz Channel Bandwidth, “the UE is not expected to receive subcarriers 0 to 47 and 192 to 239 in any of the 4 OFDM symbols of the SS/PBCH block”. In TS 38.211 clause 7.4.3.1 there are two statements (See TP1 in section 2.1 of this T-doc) that need to reflect the above when the SS/PBCH block is punctured.
Proposal 1	Adopt TP1 in section 2.1 of this T-doc, in TS 38.211 clause 7.4.3.1.



	MediaTek
	Proposal 1: No enhancements are needed for PUCCH.
Note: As per legacy operation, frequency hopping is always enabled for PUCCH in common PUCCH resources.

Proposal 2: No enhancements are needed for CSI-RS for RRM. Clarify in the specification that UE is not expected to be configured with CSI-RS for RRM in a cell with transmission bandwidth less than 5MHz.



	NTT DOCOMO
	
Observation 1:
TS 28.213 V18.0.0 covers the case that the initial DL BWP has 20 PRBs for 20 PRBs CORESET#0 transmission BW for 5MHz CBW

Proposal 1:
For transmission bandwidths of < 24PRBs for 3 and 5MHz channel bandwidths, no enhancements are needed for TRS

Proposal 2:
For transmission bandwidths of < 24PRBs for 3 and 5 MHz CBW, no enhancements are needed for CSI-RS for RRM measurements, i.e., rely on SSBs for RRM measurements

Proposal 3:
For transmission bandwidths of < 24PRBs for 3 and 5MHz channel bandwidths, no enhancements are needed for PUCCH


	Qualcomm
	Proposal 1: For the SSB on sync raster points with 3MHz ChBW, 
The 12 PRBs CORESET#0 is only supported for the new sync. raster point 920.73MHz and the UE can be configured with BWP=12PRBs for UE capable of 12 PRBs CORESET#0. 

Proposal 2: If the SSB not on the sync raster points can be configured, gNB may indicate SSB BW, ssb-PBCH-BlockPower and corresponding Tx BW if different than that of SSB of the serving cell.


Observation1: For 3MHz ChBW with 3-symbol and 15PRBs CORESET0,
Only if nshift = 0, 1, 2, or 11 and no interleaving, NR PDCCH with AL=8 can have more REs for PDCCH and achieve better performance than LTE with AL=8.

Observation2: For 3MHz ChBW with 3-symbol 15PRBs CORESET0
Only if nshift = 0, 1, 2, or 11 and no interleaving, NR PDCCH with AL=8 with 6 or 7 CCEs unpunctured performs 2~3dB better than that of AL=4.
Otherwise, NR PDCCH with AL=8 does not provide much gain or even performs 1.7dB worse than that of AL=4. 


[bookmark: _Hlk147320482]Proposal 3: The CORESET0CCE-to-REG mapping applies nshift =(cell ID mod 3) for 3-symbol 15PRBs CORESET0 without interleaving and nshift =cell ID for other cases.
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