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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#114 AI 9.13.1 on the enhancements to operate NR on dedicated spectrum less than 5MHz. The discussions are under the following email thread in RAN1#114. 
[bookmark: OLE_LINK4][114-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
Coordination with other work groups

Potential enhancements on signals/channels
[bookmark: OLE_LINK33]SS/PBCH
	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
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)
· [bookmark: OLE_LINK10]Note: No other optimization is needed



RAN1#113 made the above agreements for SS/PBCH for the transmission BW of <5MHz. As was agreed, “No other optimization is needed”. However, in this RAN1 meeting, two contributions discussed the EPRE issue for SS/PBCH and propose following,
· Samsung proposes that for SS/PBCH block structure with 12 RB bandwidth, PSS EPRE and SSS EPRE in the SS/PBCH block should be the same, i.e., the ratio of PSS EPRE to SSS EPRE should be 0 dB. 
· LG proposes to support EPRE boosting of PBCH to recover the detection performance loss of the 12-PRB PBCH for the 3 MHz channel bandwidth in all bands. The potential spec. impact includes whether to keep the EPRE relations between PSS, SSS, and PBCH while boosting the EPRE of the PBCH.
Currently for EPRE for SS/PBCH, it was specified that the UE assumes that SSS, PBCH DM-RS, and PBCH data have same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB. 
[bookmark: OLE_LINK13]Question 3.1-1 is then proposed to collect company’s view on whether any enhancements on EPRE is necessary for SS/PBCH for 3MHz channel BW. 

First round discussion
Question 3.1-1: Whether any enhancements on EPRE is necessary for SS/PBCH block for 3MHz channel BW, e.g.,
· The UE shall assume the ratio of PSS EPRE to SSS EPRE to be 0dB for 3MHz channel BW.
· EPRE boosting for PBCH is supported for 3MHz channel BW. 
	Companies
	Y/N
	Comments

	Ericsson
	
	In our understanding the gNodeB can choose to apply 0dB or 3dB, so perhaps it can be left-up to the gNodeB to apply the suitable one (i.e., 0dB).

	Qualcomm
	No
	Current spec is sufficient.

	vivo
	
	We think it can be left to gNB’s implementation. 

	Spreadtrum
	
	Left-up to the gNodeB

	Nokia, NSB
	
	It is ok to leave it up to implementation. 

	DOCOMO
	N
	

	LGE
	
	The question from our perspective is that, according to the current spec, the SSS EPRE and the PBCH(-DMRS) EPRE are always the same. The relevant EPRE boosting in this discussion is on the PBCH EPRE as it is the only one that has decreased performance compared to the legacy one. When companies say that there is no spec impact, it seems that the SSS EPRE shall be always EPRE boosted together when there is a need to boost the EPRE of the 12-PRB PBCH, which we don’t think we have a consensus yet. Similar question for the PSS EPRE.
In other words, would the case that only the PBCH EPRE is boosted compared to the SSS EPRE NOT be supported from the perspectives of the companies that prefer no spec update? Clarification would be appreciated.

	ZTE
	N
	No need for any further optimization



CORESET
For this part, most discussions in the contributions are regarding CORESET#0. RAN1#113 made following agreements. 
	Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· 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: OLE_LINK49][bookmark: OLE_LINK27]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


Puncturing pattern for 15PRBs CORESET#0
In the last RAN1 meeting, it was agreed that for 3MHz channel BW for all bands, both 12 PRBs and 15 PRBs CORESET#0 transmission bandwidths are supported. In case of 12 PRBs, 𝑁RB CORESET = 12, while in case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured. 
One issue is then what is the puncturing pattern to obtain 15 PRBs CORESET#0. Companies’ views are summarized in below,
· FUTUREWEI, Huawei, ZTE, Nokia, NSB, Apple, Samsung, Ericsson, Qualcomm, MediaTek: 9 upper PRBs of the 24 PRBs CORESET#0 are punctured to obtain 15 PRBs CORESET#0. 
· vivo: one puncturing pattern is determined for each PRB offset.
· Lenovo: single puncturing pattern with same number of PRBs or CCEs are punctured in either the bottom of the 24PRBs CORESET#0 or the top of the 24PRBs CORESET#0.
Based on the majority views, it is proposed in proposal 3.2.1-1 that the 15 PRBs CORESET#0 is obtained from puncturing the upper 9 PRBs of the 24 PRBs CORESET#0. Figure 1 provides an illustration. 
With this puncturing pattern, multiplexing pattern 1 is not maintained for the unpunctured SSB and unpunctured CORESET#0 since some of the PRBs of the unpunctured SSB fall outside of the BW of unpunctured CORESET#0. Multiplexing pattern 1 is kept for the punctured SSB and the punctured CORESET#0. 


Fig.1 puncturing pattern for 15PRBs CORESET#0
Kssb and PRB offset for 12PRB/15PRBs CORESET#0
[bookmark: OLE_LINK34]Another issue is regarding the position of the CORESET#0 in frequency domain, which is determined by two parameters kssb and offset. The former is a subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block, while the latter is a PRB offset and defined with respect to the SCS of the CORESET#0 from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. 
Companies’ views on kssb and PRB offset are summarized in below, 
· For kssb,
· [bookmark: OLE_LINK58]For 12PRBs CORESET#0, to align the 12 PRBs SSB and the 12 PRBs CORESET 0 in frequency domain, kssb should be 0. This is proposed by Ericsson, DOCOMO, et.al. No companies propose any other value of kssb for 12PRBs CORESET#0. 
· [bookmark: OLE_LINK6]For 15PRBs CORESET#0, to allow flexible SSB deployment in the 3MH channel bandwidth, Ericsson and vivo propose to follow legacy configuration of kssb. No companies explicitly propose any other values, however per FL’s understanding, some companies assume kssb = 0 for this case when designing PRB offset.
· For PRB offset, it depends on what is the reference point it is relative to. The two options and the supporting companies for each option are summarized in below, 
· [bookmark: OLE_LINK62]Opt.1: the PRB offset is relative to the first PRB of the non-punctured 20 PRBs SSB: Huawei, Hisilicon, ZTE, Spreadtrum, Xiaomi, Transsion, [LG], [vivo]. 
· [bookmark: OLE_LINK35]For this option, the PRB offset(s) will be minus value(s). As proposed by companies, for 12PRBs CORESET#0, the offset = -4. For 15PRBs CORESET#0, one or more offsets are proposed by different companies. More than one offsets are beneficial for flexible SSB deployment within the channel BW.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK63]Opt.2: the PRB offset is relative to the first PRB of the punctured 12 PRBs SSB (i.e., the first PRB of PSS/SSS): FUTUREWEI, Nokia, NSB, Apple, DOCOMO, Samsung, Ericsson, Qualcomm, MediaTek. 
· For this option, as proposed by companies, the offset = 0 for 12 PRBs CORESET#0. For 15PRBs CORESET#0, one or more offsets are proposed by different companies. More than one offsets are beneficial for flexible SSB deployment within the channel BW.
Besides, for PRB offset for 15PRBs CORESET#0, it is noted that from the submitted contributions, it is (almost) a common view that the CORESET#0 here is the punctured 15 PRBs CORESET#0, not the unpunctured 24 PRBs CORESET#0. 
Proposal 3.2.1-2 is provided for the definition of kssb and offset. The above opt.2 is pursued for defining offset, given that slightly more companies support this option.
Non-interleaved and interleaved CCE to REG mapping
Regarding CCE to REG mapping, it was agreed that for 15PRBs CORESET#0, some entries in the CORESET#0 configuration table corresponds to interleaved CCE to REG mapping and others corresponds to non-interleaved CCE to REG mapping. Then one issue is which entries corresponds to which kind of CCE to REG mapping. Some companies propose that for 15 PRBs, 2 symbols CORESET#0, it is not necessary to support both non-interleaved and interleaved CCE to REG mapping.
· FUTUREWEI, Huawei propose that only non-interleaved CCE to REG mapping is supported for 15 PRBs, 2 symbols CORESET#0. This is based on an observation that the interleaved CCE to REG mapping might cause more punctured CCEs for AL = 4 candidate. 
· Lenovo proposes that only interleaved CCE to REG mapping is supported for 15 PRBs, 2 symbols CORESET#0. This is based on an observation that non-interleaved CCE-to-REG mapping does not provide less punctured CCEs for AL 8 (and AL 4 for some nsihft) PDCCH candidate than using interleaved CCE-to-REG.
For 15PRBs, 3symbols CORESET#0, companies share the view that both interleaved and non-interleaved CCE to REG mapping should be supported.
Proposal 3.2.1-3 is provided to collect companies’ views on non-interleaved and interleaved CCE to REG mapping. 
CE for patrial CCE
For 12 PRBs 2 symbols and 3 symbols CORESET#0, the CORESET#0 contains 4 and 6 integral CCEs respectively. For 15 PRBs, 2 symbols CORESET#0, it contains 5 integral CCEs. For 15PRBs, 3symbols CORESET#0, however, it contains 7 integral CCEs and one half CCE from resource point of view. Then one issue is whether the partial CCE should be decoded for PDCCH (or in other words, whether the partial CCE can be used for PDCCH transmission). Partial CCE also happen in 20 PRBs CORESET#0 for 5MHz channel BW. Companies’ views are summarized in below, 
· ZTE, Ericsson, [Nokia], Apple, Lenovo: partial CCE should be decoded. 
· ZTE: support the use of partial CCE after puncturing without any specification impact.
· Ericsson: the channel estimation on partial CCE if any can be performed based on the partial REG bundle.  LLS shows “per REG bundle precoder” outperforms “wideband precoder”.
· Qualcomm: UE can decode the partial CCE with puncturing if precoding is across all REGs; otherwise, UE is not required to decode partial CCE with puncturing. This is based on an observation that compared with legacy AL=8, 1RB puncturing assuming wideband precoding can achieve similar performance, and it is ~1dB better than no partial CCE detection assuming REG-bundle precoding.
Based on the majority view, it is proposed in proposal 3.2.1-4 that channel estimation can be performed for partial REG bundle, if any. This proposal is also applicable for 20 PRBs CORESET#0 transmission BW for 5MHz channel BW.
nshift impact 
In legacy, the CCE to REG mapping for CORESET#0 depends on a parameter nshift, which is equal to cell ID. In different cells (with different cell IDs), a CCE #k of CORESET#0 might map to a different REG bundle. If still following legacy nshift definition, for 15PRBs CORESET#0 obtained from puncturing some REG bundles, a different set of CCEs are punctured correspondingly in different cells. This might lead to different number of available CCEs for a PDCCH candidate (after puncturing) in different cells and then result in different PDCCH detection performance. 
To handle this issue, companies’ proposals are summarized in below,
· [bookmark: OLE_LINK43]Lenovo proposes that nshift is defined as a fixed value for non-interleaved CCE to REG mapping for 15 PRBs, 3 symbols CORESET#0 to guarantee the AL 8 candidate contain all the CCEs in the CORESET#0. This is based an observation that only one nshift value can guarantee the AL 8 candidate containing all the CCEs. nshift is equal to cell ID for other cases. 
· [bookmark: OLE_LINK46][bookmark: OLE_LINK47]Qualcomm proposes that the CCE-to-REG mapping of CORESET0 can be set as nshift = (cell ID mod 3) for 3-symbol 15RB CORESET0 without interleaving and nshift =cell ID for other cases. This is based on an observation that 1 or 2 CCEs for AL=8 will be punctured if nshift =0,1,2; otherwise, more than 2CCEs for AL=8 will be punctured. 
· LG doesn’t think the issue is critical for interleaved CCE to REG mapping and proposes to use an offset to the nshift value if enhancement is needed.
· Ericsson proposes that no enhancement is needed. This is based on an observation that there might be an issue if only “odd” or only “even” Cell IDs were used, but if there is no restriction on the usage of “” and “” then no issue is foreseen to happen. Moreover, the “”  to be used is a cell deployment (cell planning) related topic. 
Proposal 3.2.1-5 is provided for collecting companies’ view on nshift definition.
CORESET#0 transmission BW for 5MHz channel BW
Regarding the CORESET#0 transmission bandwidth for 5MHz channel BW, most companies including FUTUREWEI, Spreadtrum, vivo, Nokia, NSB, Ericsson, Qualcomm, MediaTek, Lenovo, LG, Xiaomi, DOCOMO, MediaTek support 20 PRBs CORESET#0 transmission BW. Besides, xiaomi would like to have 16 PRBs and 18 PRBs transmission BW; LG would like to have 18 PRBs; DOCOMO and MTK would like to have 24 PRBs CORESET#0. It is noted that 24 PRBs CORESET#0 transmission BW is supported by some other companies, such as ZTE, Nokia, NSB, etc. The difference here is whether the 24 PRBs CORESET#0 transmission BW is included in the new CORESET#0 configuration table 13-0 (DOCOMO, MediaTek) or the entries in legacy Table 13-1 is reused (ZTE, Nokia, etc.). Transsion supports only 24 PRBs CORESET#0 transmission BW.
[bookmark: OLE_LINK51][bookmark: OLE_LINK55]Following majority view, it is proposed in proposal 3.2.1-5 that 20 PRBs CORESET#0 transmission BW is introduced for 5MHz channel BW. 
[bookmark: OLE_LINK56]Besides, Nokia and ZTE propose that the 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW. The UE should support legacy sync. raster and use legacy CORESET#0 configuration table in the legacy raster. This is reflected in a note in a combined proposal 3.2.1-6. 

Puncturing pattern for 20 PRBs CORESET#0:
Regarding how to obtain the 20PRBs CORESET#0, companies’ views are converged. FUTUREWEI, vivo, Nokia, NSB, ZTE, xiaomi, DOCOMO, LG, Ericsson, Qualcomm, Lenovo and MediaTek propose that the 20 PRBs CORESET#0 is obtained from puncturing the 24 PRBs CORESET#0. Furthermore, FUTUREWEI, Nokia, NSB, ZTE, Ericsson, Qualcomm, and MediaTek propose that the upper 4 PRBs of the 24 PRBs CORESET#0 is punctured to obtain 20 PRBs CORESET#0. 
[bookmark: OLE_LINK60][bookmark: OLE_LINK57]Based on companies’ preference, it is proposed in the combined proposal 3.2.1-6 that the 20PRBs CORESET#0 is obtained from puncturing the upper 4 PRBs of 24 PRBs CORESET#0.
CORESET#0 configuration table for 20 PRBs CORESET#0
[bookmark: OLE_LINK52]Regarding the CORESET#0 configuration table for 20 PRBs CORESET#0, companies’ views are summarized as in below
· [bookmark: OLE_LINK64]FUTUREWEI, DOCOMO: A separate CORESET#0 configuration table is introduced for 5MHz channel BW. 
· Spreadtrum, ZTE, xiaomi, LG, Qualcomm, MediaTek, Lenovo: One CORESET#0 configuration table for both 5MHz and 3MHz channel BW, i.e., using Table 13-0 for both 5MHz and 3MHz CORESET#0 configuration.
· vivo, Nokia, NSB, [Ericsson]: Table 13-1 (e.g., entries 0 and 5) is reused for 5MHz channel BW. 
[bookmark: OLE_LINK59]Given that more companies support to use one table for both 3MHz and 5MHz channel BW, in combined proposal 3.2.1-6, it is proposed that Table 13-0 is used for CORESET#0 configuration for 5MHz channel BW with 20 PRBs CORESET#0. 
Non-interleaved or interleaved CCE to REG mapping for 20 PRBs CORESET#0
Regarding CCE to REG mapping for 20 PRBs CORESET#0, companies’ views are summarized as in below,  
· Nokia, NSB, Ericsson, MTK, Qualcomm, Lenovo: only interleaved CCE to REG mapping is supported. 
· ZTE, xiaomi, DOCOMO: both interleaved and non-interleaved mapping are supported. 
[bookmark: OLE_LINK61]Given that more companies support to use only non-interleaved CCE to REG mapping for 20 PRBs CORESET#0, it is proposed in proposal 3.2.1-6 to pursue only non-interleaved CCE to REG mapping.
Kssb and offset for 20 PRBs CORESET#0
Regarding kssb and offset for the 20 PRBs CORESET#0, it is similar with 12 PRBs CORESET#0 case. LG, DOCOMO, Ericsson, Qualcomm propose offset = 0; Ericsson propose kssb = 0. No companies propose any other value of kssb and offset for 20 PRBs CORESET#0.
It is proposed in proposal 3.2.1-6 to have kssb = 0, offset = 0 for 20 PRBs CORESET#0.

[bookmark: OLE_LINK3]First round discussion
Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
[bookmark: OLE_LINK28][bookmark: OLE_LINK30]Proposal 3.2.1-1: For 3MHz channel BW, the 15 PRBs CORESET#0 is obtained by puncturing the 9 upper PRBs of 𝑁RB CORESET = 24 CORESET#0.
	[bookmark: OLE_LINK29]Companies
	Y/N
	Comments

	Ericsson
	Y
	

	Qualcomm
	Y
	

	Vivo
	Y
	

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	FUTUREWEI
	Y
	

	DOCOMO
	Y
	

	LGE
	Y
	

	ZTE
	Y
	

	FL
	
	This proposal seems stable. It will be handled in the Tuesday online discussion.



[bookmark: OLE_LINK38][bookmark: OLE_LINK11]Proposal 3.2.1-2: For 3MHz channel BW, for kssb and PRB offset for the determination the CORESET#0 position in frequency domain,
· For 12 PRBs CORESET#0 transmission BW
· kssb = 0
· PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW
· kssb follows legacy configuration.
· PRB offset = [0], [2]
Note: PRB offset is the frequency gap between the first PRB of the transmitted 12/15 PRBs CORESET#0 and the first PRB of the transmitted 12 PRBs SS/PBCH block.
	[bookmark: OLE_LINK39]Companies
	Y/N
	Comments

	Ericsson
	Y
	About “kSSB”, there is no need to have a specification impact since in both cases it “follows legacy configuration”, it just that “For 12 PRBs CORESET#0 transmission BW” only “kSSB = 0” is needed.
About the “Note”, we believe that the term “CRB (i.e., Common Resource Block)” should be included. We think the “Note” should be updated as follows:
[bookmark: OLE_LINK12]“Note: PRB offset is the frequency gap between the first PRB of the transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the transmitted 12 PRBs SS/PBCH block.”

	Qualcomm
	
	We think no need to indicate kssb for both cases. Based on the RB level puncturing for both SSB and CORESET0, the CBR is just same as 12RBs or 15RBs of the CORESET0 and kssb will be 0 if RB offset=0 or 2. 
To be noticed that RB offset=0 is already agreed in TS38.213.
Therefore, we suggest changing the proposal as
Proposal 3.2.1-2: For 3MHz channel BW, for kssb and PRB offset for the determination the CORESET#0 position in frequency domain,
· For 12 PRBs CORESET#0 transmission BW
· kssb = 0
· PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW
· kssb=0 follows legacy configuration.
· PRB offset = [0], [2]
Note: PRB offset is the frequency gap between the first PRB of the transmitted 12/15 PRBs CORESET#0 and the first PRB of the transmitted 12 PRBs SS/PBCH block.

	Vivo
	Y
	We share Ericsson’s views that no need to change the Kssb definition. The note for the PRB offset determination is sufficient. 

	Nokia, NSB
	Y
	Clearly at least the PRB offsets of 0 & 2 would be needed for the 15 RB case (please note, the offset definition relates to the definition of the reference point, we support offsets 0 & 2 with the reference point based on the punctured 12 PRB SSB)

	FUTUREWEI
	Y
	

	DOCOMO
	Y
	

	LGE
	
	Based on the definition of the Offset in the Note, at least Offset = 0 needs to be supported. So, we are supportive of removing the square bullet for the Offset = 0 in the case of 15-PRB CORESET#0.
For kssb, we think there are some cases that needs kssb not equal to zero, e.g., depending on the combination of sync raster points and the 100 kHz channel raster, but as there is already a flexible mechanism to signal a range of kssb values, we are okay to leave the values of kssb to gNB configuration without spec impact.   

	ZTE
	
	Regarding kssb, we share similar view as Ericsson and LGE that kssb can follow legacy configuration for both 12 and 15 PRBs.
[bookmark: OLE_LINK5]Regarding the note, considering that a new table with values of offset is to be defined for 3MHz CORESET#0 configuration, introducing new values for offset while maintaining the definition of PRB offset has less spec impact. With that, we do not support to change the legacy definition of PRB offset, which is refers to the first PRB of the non-punctured 20 PRBs SSB, and this should be a default assumption. So, at least PRB offset = -4 should be supported for both 12 and 15 PRBs.   

	FL
	
	Majority think kssb follow legacy configuration for both 12 PRBs and 15 PRBs without spec. impact. The proposal is updated as following and will be treated in Tuesday online session.
[bookmark: OLE_LINK31]Proposal 3.2.1-2: For 3MHz channel BW, for kssb and PRB offset for the determination the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, PRB offset = 0, 2
Note: PRB offset is the frequency gap between the first PRB of the transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the transmitted 12 PRBs SS/PBCH block.




[bookmark: OLE_LINK40]Proposal 3.2.1-3: For CCE to REG mapping for 15PRBs CORESET#0,
· For 2 symbols CORESET#0, down select from
· Opt.1: both interleaved and non-interleaved CCE to REG mapping are supported.
· Opt.2: only non-interleaved CCE to REG mapping is supported.
· Opt.3: only interleaved CCE to REG mapping is supported.
· For 3 symbols CORESET#0, both interleaved and non-interleaved CCE to REG mapping are supported.
	Companies
	Preferred option
	Comments

	Ericsson
	
	It has already been agreed to support both interleaved mapping and non-interleaved mapping “for 15PRBs CORESET#0”.
In TS 38.213, Table 13-0 has been endorsed accordingly using for the moment “Offset (RBs) = 0,” and other “Offset (RBs)” added to the table should be subject to the same agreement (e.g., If “Offset (RBs)” = 2 is added, then it should be possible to support 2 and 3 OFDM-symbols, and each of them should be able to be used with interleaved mapping and non-interleaved mapping).

	Qualcomm
	
	RAN1 should focus on the remaining issues based on the RAN1 agreements so far.

	Nokia/NSB
	Yes
	We support Option 1, both interleaved & non-interleaved mapping should be supported (aligned with the earlier RAN1 agreement)

	FUTUREWEI
	
	If proposal 3.2.1-2 is agreed, the size of the Table 13-0 can support opt 1 for the two offsets

	DOCOMO
	Opt1
	To align with previous RAN1 agreement

	LGE
	Opt.1
	As already agreed.

	ZTE
	
	Ok to support Opt.1, while this is subject to the discussion on the number of offset values defined.  

	FL
	
	Majority think opt.1 should be adopted for 2 symbols CORESET#0 based on the understanding that RAN1 already agreed that both interleaved and non-interleaved CCE to REG mapping are supported. However, RAN1 only agree some entries corresponds to interleaved and some are non-interleaved. It does not preclude e.g., for 2 symbols, only non-interleaved (or interleaved) mapping is supported, and for 3 symbols, both types of mapping are supported. But anyway, let’s stick to majority preference for online discussion. 



[bookmark: OLE_LINK41]Proposal 3.2.1-4: For CORESET#0 for both 3MHz and 5MHz channel BW, the UE assumes the same precoding being used per REG bundle. 
· [bookmark: OLE_LINK42]Channel estimation can be performed for partial REG bundle, if any.
	[bookmark: OLE_LINK44]Companies
	Y/N
	Comments

	Ericsson
	Y
	No specification impact needed.
The statement touching upon the bullet can be left up to UE implementation.

	Qualcomm
	No
	The UE cannot support the channel estimation of the partial REG bundle if the precoding is within a REG bundle.
It should be clarified that
‘If the precoding is within a REG bundle, the UE is not required to decode the partial CCE.’

	vivo
	
	It depends on whether UE can perform the channel estimation based on partial REG bundle or not. If it is not possible for UE to do that, we are fine with QC’s proposal.

	Nokia/NSB
	Yes
	

	DOCOMO
	Y
	Also open to discuss QC’s proposal

	LGE
	Yes
	

	ZTE
	Y
	[bookmark: OLE_LINK37]No need any spec impact on handling of partial REG bundle

	FL
	
	Majority think CE for partial REG bundle can be based on UE implementation and no spec. impact is needed. This proposal will be taken as medium priority and will be treated later.



[bookmark: OLE_LINK48][bookmark: OLE_LINK65]Proposal 3.2.1-5: For 15 symbols, 3 symbols CORESET#0 with non-interleaved CCE to REG mapping, down select from 
· Opt.1: nshift = cell ID as in legacy
· Opt.2: nshift = mod (cell ID, 3), such that less than 3 CCEs of AL 8 candidate are punctured for all cells.
· Opt.3: nshift = a fixed value, e.g., 0, such that AL 8 candidate contains all the CCEs of CORESET#0 for all cells.
· Note: for other size CORESET#0, nshift = cell ID.

	[bookmark: OLE_LINK53]Companies
	Preferred option
	Comments

	Ericsson
	Opt.1
	We think there is a typo, using your notation/wording, it seems that “For 15 symbols” should say “For 15PRBs”.

	Qualcomm
	Opt.2
	For 3-symbol 15RBs CORESET0, the PDCCH candidates are 
· AL=4 with CCE index={0,1,2,3} or CCE index={4,5,6,7} 
· AL=8 with CCE index=0,1,…7 
In case of interleaving, it can only support similar performance as AL=4 without puncturing.
· for all nshift values, all the candidates for AL=4 have 1 or 2 CCEs punctured 2 or 3dB worse than AL=4 without puncturing; 
· for all nshift values, all the candidates for Al=8 have 3 CCEs punctured  similar as AL=4 without puncturing.
In case of no interleaving, the nshift restriction is needed to support AL=4 without puncturing and AL=8 with 2~3dB better than AL=4 without puncturing.
· for nshift=0,1,2,11, there are candidates for AL=4 with no puncturing and all the candidates for Al=8 have 1~2 CCEs punctured 2~3dB better than AL=4 without puncturing.
· for nshift=3,4,9,10, there are candidates for AL=4 with no puncturing but all the candidates for AL=8 have 3 or 4 CCEs punctured similar as AL=4 without puncturing.
· for nshift=5,6,7,8, all the candidates for AL=4 have 1 or 2 CCEs punctured and all the candidates for AL=8 have 5 CCEs punctured  2 or 3dB worse than AL=4 without puncturing.
Note that the above gain relative to AL=4 without puncturing does not change no matter whether power boosting is applied to the 15RBs CORESET0 or not.
Based on the evaluation and analysis, for 3symbol, 15RB CORESET0 without interleaving, Opt.2 is preferred since
· [bookmark: OLE_LINK45]Opt.1 without any restriction is not feasible because some cells have much worse PDCCH performance; 
· Opt.3 is too restricted and lost the cell randomization.

	vivo
	Opt.1
	

	Spreadtrum
	Opt.1
	

	Nokia/NSB
	Opt.1.
	We do not see a clead need for optimization in this case.

	FUTUREWEI
	Opt.1
	

	DOCOMO
	Opt.1
	

	LGE
	
	Need clarification first for some of the options. According to the current spec, if we are not misunderstood, the nshift only applies to the case where the interleaver is in operation. We would like to check first if companies have the same understanding on this legacy operation. 
Assuming this is a correct understanding, Opt.2 and Opt.3 seem to propose enhancements for the case where the nshift applies when the interleaver is OFF, which does NOT exist if the gNB follows current specification.

	ZTE
	Opt.1 
	No optimization is needed. 

	FL
	
	Majority prefer opt.1. This issue will be taken as medium priority and will be handled later.
Companies supporting opt.1 are encouraged to think about how to handle the issue proposed by Qualcomm (and shared by Lenovo), i.e., “Opt.1 without any restriction is not feasible because some cells have much worse PDCCH performance”. 
Besides, thanks Ericsson for the careful check, “15 symbols” should be “15 PRBs”.




[bookmark: OLE_LINK50]Proposal 3.2.1-6: 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. 
· Offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb = 0 
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
	Companies
	Y/N
	Comments

	Ericsson
	
	First sub-bullet: We are ok with the proposed puncturing pattern.
Second sub-bullet: As per endorsed Editor’s CR for TS 38.213, Table 13-0 covers the new 3 MHz CBW (regular-case and sub-case), whereas Table 13-1 covers the 5 MHz CBW (legacy regular-case and sub-case). So, we believe this bullet should refer to Table 13-1, we are ok with the two sub-sub-bullets under it.
Third sub-bullet: Ok.
Fourth sub-bullet: Ok
Fifth sub-bullet: Ok in the sense only kSSB = 0 is needed, but this does not require spec impact.
Sixth sub-bullet: Ok upon appending the word “point” in “sync. raster point” as to avoid misunderstandings. 


	Qualcomm
	Y
	

	Vivo
	
	For the second bullet, it should be Table 13-1. 

	Spreadtrum
	Y
	

	Nokia/NSB
	Yes (except table usage)
	We think that the legacy table 13-1 should be used to indicate the CORESET, and there is no need to duplicate the related entries from the legacy table for this purpose to the new table 13-0. 

	FUTUREWEI
	Y
	Can support either table 13-0 or 13-1

	DOCOMO
	
	We can live with the proposal

	LGE
	Y
	For the Table 13-0 in the second sub-bullet, we think it is related to the discussion on how a UE determines the CORESET#0 table for use in 3 MHz channel and for < 5 MHz transmission BW in 5 MHz channel. To move forward, we can agree on the Proposal with a square bracket on the Table 13-0 in the second sub-bullet.

	ZTE
	
	Similar as above, kssb should follow legacy configuration.

	FL
	
	Based on the received comments, this proposal is revised as follows. This proposal will be treated in the Tuesday online session.
[bookmark: OLE_LINK36]Proposal 3.2.1-6: 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. 
· 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





[bookmark: OLE_LINK20]CSI-RS/TRS
RAN1#112 made the following conclusions for CSI-RS/TRS.
	Conclusion
[bookmark: OLE_LINK21]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 currently the minimum configurable CSI-RS BW is 24 PRBs, which is larger than the transmission bandwidths of the 3MHz channel BW and 5MHz BW. Some companies propose to introduce a set of PRBs with BW less than 24 PRBs, such as 12 PRBs, 16 PRBs, 20 PRBs. While Others think no need to have any enhancements for RRM measurement. Companies’ views are summarized as in below.
· Td Tech, Huawei, HiSilicon, ZTE, [Transsion]: Introduce a set of CSI-RS BWs with the number of PRBs less than 24 PRBs for RRM measurements. 
· Td Tech and Huawei support increased densities for the lower CSI-RS BW. 
· Nokia, NSB, DOCOMO, Samsung, Ericsson, MediaTek: No enhancement is needed in RAN1 for CSI-RS for RRM measurements. The issue could be handled by e.g., relying on SSBs for RRM measurements. 
Given that there are slightly more supporting companies for “no enhancement is needed in RAN1 for RRM”, this option is pursued in proposal 3.3.1-1. 
For CSI-RS other than RRM measurements, it was concluded in RAN1#112 that no enhancements are needed. In this meeting, vivo and Qualcomm propose to introduce UE capability of supporting flexible CSI-RS/TRS BW for CSI-RS other than RRM measurement. Companies’ views are to be collected in proposal 3.3.1-2 for this issue. 

First round discussion
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK14]Proposal 3.3.1-1: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, no enhancements are needed for CSI-RS for RRM measurements. 
	[bookmark: OLE_LINK22]Companies
	Y/N
	Comments

	Ericsson
	Y
	At least not in RAN1. In our understanding this is being discussed in RAN4.

	Qualcomm
	
	RAN1 may need to clarify that no CSI-RS is used for RRM measurement if UE assumes the new CORESET0 defined for this WI. 

	vivo
	
	We agree with QC that if CSI-RS for RRM is not supported for NR less than 5MHz, it should be clarified somewhere. 

	Nokia/NSB
	Yes
	RRM should be based on SSB. 

	DOCOMO
	Y
	

	LGE
	
	Need clarification on what it means by the no enhancements for CSI-RS for RRM. With the clarification, we are fine to NOT supporting CSI-RS for RRM. 
Or, leaving the decision up to RAN4 is also acceptable to us.

	ZTE
	N
	The discussion point is whether to support CRI-RS for RRM for <5MHz bandwidth, instead of whether to enhance or not. 
We support to introduce a lower bandwidth for CSI-RS for RRM because the time flexibility of performing RRM by using SSB is limited and the additional spec impact is minor. 

	MediaTek
	
	We don’t think enhancements are needed for CSI-RS for RRM for two reasons. 
1. CSI-RS may not be advantageous to SSB in such narrowband and low frequency. Using SSB for RRM should be sufficient.
2. CSI-RS for RRM is optional UE feature. Enhancing an optional feature seems not in line with the WID guidance. 
However, we propose to capture the following note to specification so that it is clear CSI-RRM will not be configured in a cell who transmission bandwidth is less than 24 PRBs, i.e. the current minimum PRB number for CSI-RS for RRM. 
Proposal: No enhancements are needed for CSI-RS for RRM. UE is not expected to be configured with CSI-RS for RRM in a cell where the transmission bandwidth is smaller than the CSI-RS. 



Proposal 3.3.1-2: Confirm RAN1#112 conclusion that “for CSI-RS other than for RRM measurements, no enhancements are needed”.
	Companies
	Y/N
	Comments

	Ericsson
	
	It does not seem to be needed to re-confirm the conclusion reached in RAN1# 112. It was only the “FFS: CSI-RS for RRM” what was pending, and it is currently being discussed in RAN4.

	Qualcomm
	No
	RAN1 had similar discussion for R16 TEI RP-201333, where RAN1 agreed to support flexible CSI-RS/TRS BW in the allowed transmission BW of 6,7,8,9MHz, smaller than the 10MHz ChBW because UE is only required to support BWP=50RBs for 10MHz ChBW assuming SCS=15kHz according to FG 6-1.
Here, 
For 3MHz ChBW, the UE is only required to support BWP=15RBs (based on RAN4 agreements) and the CSI-RS/TRS not for RRM will be 15RBs out of the allowed transmission BW same as 12RB CORESET0. 
 CSI-RS/TRS with 12RBs should be supported.
For 5MHz ChBW, the UE is only required to support BWP=25RBs (same as legacy) and the CSI-RS/TRS not for RRM will be 24RBs out of the allowed transmission BW same as 20RB CORESET0. 
 CSI-RS/TRS with 20RBs should be supported.

	vivo
	
	It is related to the BWP size that can be supported by the UE supporting the dedicated spectrum less than 5MHz. 

	Nokia/NSB
	Yes
	

	DOCOMO
	
	The conclusion in RAN1#112 applies to 3MHz CBW case.
For 5MHz CBW case, it depends on whether UE can support BWP size other than nominal CBW.

	LGE
	
	With this previous conclusion, but if there is no consensus among UE vendors on whether the UEs can support those smaller BWP sizes, then whether the CSI-RS in n100 is supported or not is unclear. It seems after confirming this previous conclusion, we still need clarification on how this feature is supported in n100.

	ZTE
	Y
	



[bookmark: OLE_LINK32]PUCCH
It was concluded in RAN1#111 that no enhancements for the PUCCH are needed but there was an FFS about the necessity for PUCCH FH disabling. 
	[bookmark: OLE_LINK1]Conclusion 
[bookmark: OLE_LINK2]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.


The discussion is mostly for PUCCH for Msg4 HARQ-ACK feedback during initial access, in which case the FH is by default enabled. On the other hand, FH disabling for Msg4 HARQ-ACK feedback was introduced in Rel.17 RedCap to mitigate PUSCH resource fragmentation. For HARQ-ACK feedback for RRC_CONNECTED UEs, the spec. supports flexible enabling/disabling FH through configuration.
Companies’ views are summarized as in below, 
· FUTUREWEI, Spreadtrum, Nokia, NSB, Apple, xiaomi, Transsion, LG, Ericsson, Qualcomm: Support the disabling of frequency hopping for PUCCH for idle states.
· [bookmark: OLE_LINK24]ZTE, Samsung, MediaTek: Frequency hopping is always enabled for PUCCH in common PUCCH resources. No enhancements are needed for PUCCH.
Below are some reasons for allowing the disabling of FH for PUCCH,
· FUTUREWEI: As RAN indicated, “In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs”. While legacy devices will not detect the SSB of the dedicated spectrum due to the new sync raster design, it is possible that the UL BWPs of legacy cells and the cells of the dedicated spectrum can overlap. To minimize interference from legacy cell on the PUCCH, disabling hopping allows the network to locate PUCCH on resources with less interference from the existing/overlapping cells. 
· Ericsson: now that more use-cases are to be supported under the scope of the Rel-18 WI on “LessThan5MHzFR1” it is better to equip the gNodeB with the ability of enabling/disabling Frequency Hopping (especially if the degree of flexibility of the initial BWP is still under discussion in RAN4).
From the supporting companies for “No enhancements are needed for PUCCH”, the reasoning is e.g., 
· ZTE: PUCCH hops can be always within the transmission BW with proper gNB configuration. 
· MediaTek: PUSCH fragmentation in neighboring cells can be mitigated through the use of resource allocation Type 0
Following the majority preference, it is proposed in Proposal 3.4.1-1 that PUCCH FH can be disabled through configuration. 

First round discussion
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 3.4.1-1: For transmission bandwidths of <5MHz, for PUCCH during initial access, FH can be enabled/disabled based on a configuration in SIB1. 
	Companies
	Y/N
	Comments

	Ericsson
	
	It seems that more discussion is needed, but at some point we could be ok with this proposal.

	Qualcomm
	
	PUCCH during initial access should be disabled at least for 12RB CORESET0 in 3MHz ChBW and 20RB CORESET0 in 5MHz ChBW, which can be predefined without adding indication in SIB1.

	vivo
	Y
	

	Spreadtrum
	Y
	

	Nokia/NSB
	Yes
	

	FUTUREWEI
	Y
	

	DOCOMO
	
	This also depends on whether UE can support BWP size other than nominal CBW. If not, disabling PUCCH FH is necessary.

	LGE
	Y
	The cases that need FH disabling as QC mentioned can be covered by the Proposal above. So, we are okay with the Proposal above, but we are a bit reluctant to set a fixed link to the bandwidth (part) configuration scenarios.

	ZTE
	N
	Do not need any spec impact as we don’t see any critical issue to address.  

	MediaTek
	N
	Can the proponents please first point out what is broken in the current specifications if we don’t agree to this? 



Others
0. Impact to legacy UEs
RAN4 defined new sync. raster points for the dedicated spectrum. With this, and if there is no false alarm for the detection of the SSBs in the new sync. raster points, the legacy UEs will not access the dedicated spectrum. On the other hand, Qualcomm observes that even if the new sync raster points are separate from the legacy sync raster points, legacy UEs with large frequency offset during initial access may detect the SSB in the dedicated spectrum, e.g., the punctured PBCH may still be detected by the cell-centre legacy UEs with good SNR. It will be detrimental to the system if the legacy UEs can further detect SIB1 and send PRACH to access the dedicated spectrum. Based on this observation, Qualcomm proposes to use reserved kssb=30 to prevent legacy UEs accessing the spectrum less than 5MHz, and the new UEs assumes kssb=0. 
No other companies share the similar concern in this meeting. Based on this and based on the companies’ views collected in the previous meeting, it is proposed that RAN1 does not need to address this concern. 
Proposal 3.6.2-1: RAN1 does not need to consider mechanisms to prevent legacy UEs accessing the dedicated spectrum less than 5MHz. 
	Companies
	Y/N
	Comments

	Ericsson
	Y
	

	Qualcomm
	N
	RAN4 is considering to globally support new sync raster points for 3MHz, which means UE may use the new sync raster points not only for sub1GHz but also above1GHz in FR1.
The min gap of 100kHz relative to legacy sync raster points may not be sufficient for initial access UE with large frequency offset, e.g., +/-50ppm at 1GHz or +/-25ppm at 2GHz.
The early indication by using reserved entry in PBCH/MIB is the way to avoid the impact on all the legacy UEs.

	vivo
	Y
	

	Spreadtrum
	Y
	

	Nokia/NSB
	Yes
	

	DOCOMO
	Y
	

	LGE
	Y
	In our understanding, RAN4 designed the new and additional sync rasters taking into account the potential confusion with the existing sync raster points. If there is still a concern on the confusion, e.g., due to a large frequency offset, it can be initiated by RAN4. So, we are okay with the FL proposal as it is. To address the concern on the large frequency offset, we would be also fine to leave some possibility of reopening this issue under the condition that it is initiated by RAN4.

	ZTE
	
	Open to discuss 

	MediaTek
	Probably not
	So far, we have not been aware that RAN4 has made new sync raster points in a way that legacy UEs would camp on them. Until that happens, RAN1 does not have to discuss an issue that may not even happen. 



0. Any other aspects
Question 3.6.3-1: Any other aspects need to be discussed? 
	Company
	Comments

	
	

	
	

	
	

	
	




Proposals for online discussion

Proposal 1: 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. 
· 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

Proposal 2: For 2 symbols and 3 symbols for 15 PRBs CORESET#0, both interleaved and non-interleaved CCE to REG mapping are supported. 

Proposal 3:  For transmission bandwidths of <5MHz, for PUCCH during initial access, FH can be enabled/disabled based on a configuration in SIB1.

Proposal 4: For CORESET#0 for both 3MHz and 5MHz channel BW, the UE assumes the same precoding being used per REG bundle. 
· Channel estimation can be performed for partial REG bundle, if any. This depends on UE implementation.



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

	TD Tech
	Proposal 1: For the system bandwidth of 15 RBs, the initial DL BWP has a fixed bandwidth of 15 RBs.
Proposal 2: For the system bandwidth of 15 RBs, a dedicated DL BWP has a fixed bandwidth of 15 RBs.
Proposal 3: For the system bandwidth of 15 RBs, a CORESET other than CORESET 0 can be configured with a fixed bandwidth of 15 RBs.
Proposal 4: For the system bandwidth of 15 RBs, a CCE consists of 3 REGs.
Proposal 5: 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 6: For the system bandwidth of 15 RBs, new bandwidths of 12 RBs and 15 RBs can be introduced for CSI RS for RRM.
Proposal 7: 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.


	FUTUREWEI
	Observation 1: It is unclear whether mandatory FG 6-1 allows a DL-BWP that does not include a punctured SSB in its entirety.
Observation 2: For a small performance loss of 0.3dB, AL=8 in a 15 PRB CORESET is possible based on no-interleaving.
Observation 3: Interleaving for the 15 PRB CORESET may cause performance loss.
Proposal 1: Remove CORESET#0 combinations that have excessive puncturing of aggregation levels 4 and 8 or that have limited multiplexing capability.
Observation 4: For a small performance loss of 0.8 dB, AL=8 in a 2 symbol, 20 PRB CORESET is possible when a 24 PRB CORESET configuration is punctured.
Proposal 2: For 20 PRB CORESET, the 𝑁RBCORESET = 24 CORESET#0 is punctured
Proposal 3: Downselect the interleaving support for 20 PRB CORESET#0
Whether to support both interleaving and no interleaving 
Whether to support only interleaving
Whether to support only no interleaving
Proposal 4: Support a separate CORESET#0 table for a 20 PRB CORESET transmission BW.
Proposal 5: Support at least the following 15 PRB CORESET#0 configuration
NsymbCORESET = 2 symbols, no interleaving, 0 PRB offset
NsymbCORESET = 3 symbols, interleaving, 0 PRB offset
Proposal 6: Support at least the following 15 PRB CORESET#0 configuration
NsymbCORESET = 2 symbols, no interleaving, 1 PRB offset
NsymbCORESET = 3 symbols, interleaving, 1 PRB offset
NsymbCORESET = 2 symbols, no interleaving, 2 PRB offset
NsymbCORESET = 3 symbols, interleaving, 2 PRB offset
NsymbCORESET = 2 symbols, no interleaving, 3 PRB offset
NsymbCORESET = 3 symbols, interleaving, 3 PRB offset
Proposal 7: For the 12 and 15 PRB CORESET#0 transmission BW, indicate that the offset in Table 13-0 is defined with respect to the first transmitted RB of the correspond SS/PBCH block.
Proposal 8: In the connected mode, do not support puncturing of the CORESET.
[bookmark: _Hlk143177533]Proposal 9: Support the disabling of frequency hopping for PUCCH for idle states.


	Huawei, HiSilicon
	Proposal 1: For 15 PRBs CORESET#0, only one puncturing pattern should be supported and the specific pattern is upper 9 RB + lower 0 RB.
Proposal 2: For determining CORESET#0 location in frequency domain, the PRB offset is relative to the first PRB of the non-punctured SSB.
Proposal 3: For CORESET#0 configuration for 3MHz channel bandwidth, the following criteria can be considered, 
criterion#1: For flexible location in limited spectrum resource, the values of offset -4, -3, -2, and -1 should be all supported.
In 12 PRBs case, the value of offset -4 is supported.
In 15 PRBs case, the values of offset -4, -3, -2, and -1 are supported.
criterion#2: In 12 PRBs and 15 PRBs cases, both 2 and 3 CORESET#0 symbols are supported.
criterion#3: In 15 PRBs case, if the number of CORESET#0 is 2, interleaved mapping is not supported.
Proposal 4: Confirm that 3MHz channel bandwidth can be determined after cell search procedure by the new synchronization rasters specific to 3MHz channel bandwidth.
Proposal 5: For any carrier that is detected in cell search procedure with synchronization raster specific to 3MHz channel bandwidth, the new table of CORESET#0 configuration is applied.
[bookmark: _Hlk143173674]Proposal 6:  For transmission bandwidth of <5MHz for 3MHz channel bandwidth, for CSI-RS for RRM measurement, the number of PRBs less than 24 RBs with increasing frequency domain or time domain density are supported.


	SpreadTrum
	Proposal 1: For 5 MHz channel bandwidth, the CORESET#0 transmission bandwidth is 20 PRBs.
Proposal 2: The new CORESET#0 table introduced for 3MHz channel BW is also applied for 5MHz channel BWs, e.g., include the entries for both 3MHz and 5MHz channel BWs
Proposal 3: If separate table is required 5MHz channel BW, the current table 13-1 can be reused.
Proposal 4: The PRB offset is relative to the first PRB of the non-punctured SSB.
Proposal 5: RAN1 to support disabling of PUCCH frequency hopping for dedicated spectrum.


	Vivo
	Observation 1: For 5MHz channel BW and 3MHz channel BW with 15PRB CORESET#0, legacy definition of kSSB and “Offset (RBs)” can be reused to determine CORESET#0 puncturing patterns.  
Proposals
Proposal 1: Case 1 that reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator) is supported and the allowed transmission bandwidth for CORESET#0 is limited to 20PRBs which is punctured from 24PRBs.
Proposal 2: Existing configuration Table 13-1 in TS38.213 is re-used for 5MHz channel BW (co-located case) with 20PRB CORESET#0.
Proposal 3: To minimize the specification effort, re-use the legacy RB Offset definition. 
Proposal 4: For bandwidth < 5MHz, in case the partial CCE is available, decide whether to puncture one integral CCE or the partial CCE. 
Proposal 5: For 3MHz channel bandwidth, the FH for common PUCCH for MSG4 HARQ-ACK feedback is always enabled, same as in legacy.
Proposal 6: For 5MHz channel bandwidth,
If it is feasible for Rel-18 UE to implement any size of initial UL BWP as basic feature for this WI, no issue is found for common PUCCH for MSG4 HARQ-ACK feedback with Frequency Hopping (FH). 
Otherwise, to prevent the Rel-18 UE transmits common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
[bookmark: _Hlk143175836]Proposal 7:  Define CSI-RS/TRS bandwidth sizes of 12, 16, 20 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 


	Nokia, NSB
	Supported BWP bandwidths
Proposal 1: UE shall support 12-RB and 20-RB BWP bandwidths for the additional synchronization raster points [920.73 MHz and 921.45 MHz] introduced for 12-RB and 20-RB PBCH transmission bandwidths, respectively, in band n100.  
PDCCH
Proposal 2: Define Offset (RB) in the following way:
3MHz CBW: Offset (RB) is relative to the first PRB of the PRBs for PSS/SSS transmission
5MHz CBW: Offset (RB) follows the legacy operation, i.e. relative to the first PRB of the PRBs of the SSB
Proposal 3. Adopt the table shown in Figure 1 for PDCCH CORESET#0 configuration with 3 MHz CBW.
The new table is used when detecting SSB from the new synch raster points for 3 MHz CBW
For Indexes 2-13, the 15 lowest RBs of the CORESET#0 correspond to the PRBs remaining after puncturing
Proposal 4. For the 5MHz channel BW operation (and the associated sync raster points) the legacy CORESET#0 Table 13-1 in 38.213 is applied. 
Proposal 5. Punctured CORESET#0 is assumed when the detected synch raster point relates to n100, 5MHz CBW, and one predefined synch raster point (=921.45 MHz) supporting only 20 PRB TX bandwidth. 
In this scenario, the only valid CORESET#0 indexes are [0, 3] (the remaining indexes are invalid)
20 lowest RBs of the CORESET#0 correspond to the remaining PRBs after puncturing. 
Proposal 6. CORESET#0 is operated according to legacy for sync raster points other than one predefined sync raster point (=921.45 MHz) for 5MHz CBW in band n100.
Proposal 7. No optimization is made for PDCCH transmission for 5MHz CBW scenario
Proposal 8. Initial DL BWP is determined by the number of PRBs of a CORESET#0 remaining after puncturing
Other channels and signals
Proposal 9: Possibility to disable by network configuration FH on PUCCHs that are used before UE specific PUCCH configuration is supported. 
Observation 1: CSI-RS for RRM is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size. 
Observation 2: Mobility/RRM measurements can be, and typically are, performed based on the SSBs (SS-RSRP measurements) without explicitly configured CSI-RS for RRM.
Proposal 10: Mobility/RRM measurements based on CSI-RS are not supported for below 5 MHz NR bandwidths.
[bookmark: _Hlk143173857][bookmark: _Hlk143175335]Observation 3: No changes are required to CSI-RS for RRM to support below 5 MHz NR bandwidths.


	ZTE
	CORESET#0
Proposal 1: For all bands with the 5MHz channel bandwidth:
For CORESET#0 transmission bandwidth, 20 PRBs are supported from puncturing the  = 24CORESET#0 with interleaved CCE to REG mapping (R=2)
REG bundle size = 6
For band n100 capable UE, when 20 PRBs CORESET#0 using the same table as what is defined for 3MHz is supported by the UE, legacy 24 PRBs CORESET#0 using legacy sync-raster and legacy table shall be supported
For band n100 capable UE, for a UE supporting 3MHz channel bandwidth, it also supports legacy 5MHz channel bandwidth with legacy sync-raster and legacy table.
Proposal 2: Keep the definition of offset, and support values of -4 and 0 for offset in the CORESET#0 configuration table for 3MHz and 5MHz channel bandwidth respectively.
Proposal 3: In case of 15 PRBs CORESET#0 and 20 PRBs CORESET#0, puncturing 9 PRBs and 4 PRBs at the high-frequency end of the 24-PRB CORESET#0 respectively.
Proposal 4: Support the use of partial CCE after puncturing without any specification impacts.
Proposal 5: Introduce a new table for CORESET#0 configuration for 3MHz and 5MHz channel bandwidth as Table 13-0. 
Table 13-0: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz with row indexes 0~5 and minimum channel bandwidth 5 MHz with row indexes 6~9. 

CSI-RS for RRM
[bookmark: _Hlk143173886]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 size20.
Observation 1: There is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.
PUCCH
[bookmark: _Hlk143177625]Observation 2: This is an unnecessary optimization for gNB to disable the PUCCH FH function. 
Other issues
Observation 3: Further clarification on indication of UE accessing, configuration of non-zero CORESET and definition of initial DL BWP is needed. 


	Apple
	Proposal 1: The offset (RBs) parameter for the CORESET 0 frequency location indication in Table 13-0 is relative to the smallerst RB of SSB resource after puncturing.  

Proposal 2:
For 3MHz channel BW, support candiate value ‘0’ and ‘2’ for ‘RB-offset’ for CORESET 0 configuration. 
The 15-PRBs CORESET 0 resource can be obtained by puncturing 9 PRBs from top. 

Proposal 3: For 3MHz channel BW with 15-PRB CORESET 0 structure, for non-interleaved CCE-to-REG mapping, a REG-bundle that is partially punctured on RB level  is counted for the CCE construction. 

Proposal 4: The frequency hopping for common PUCCH resources can be disabled by SIB1 for <5MHz system. 


	Xiaomi
	
Proposal 1: In case of 5MHz channel bandwidth
Support 20 PRB transmission bandwidth for CORESET#0 as baseline
Consider 16 PRB and 18 PRB as additional transmission bandwidth for CORESET#0

Proposal 2: In case of 5MHz channel bandwidth 
the 𝑁RB CORESET = 24 CORESET#0 is punctured 
Both interleaved  and non-interleaved mapping are supported

Proposal 3: Consider the same CORESET#0 configuration table for 3MHz and 5MHz channel bandwidth. 

Proposal 4: Support Opt.3 for the PRB offset determination in the new CORESET#0 configuration table.

Proposal 5: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback 


	Lenovo
	Proposal 1: The 15PRBs CORESET#0 should contain minimum number of partial CCEs, 
The (15PRBs, 2symbols) CORESET#0 are determined from puncturing 3 CCEs of the (24PRBs, 2symbols) CORESET#0. 
The (15PRBs, 3symbols) CORESET#0 are determined from puncturing 4 and half CCEs of (24PRBs, 3symbols) CORESET#0. 
Observation 1: The puncturing pattern is dependent on whether multiplexing pattern 1 should be maintained for the unpunctured 20PRBs SSB and the unpunctured 24PRBs CORESET#0.
Proposal 2: Multiplexing pattern 1 is maintained for the unpunctured 20PRBs SSB and 24PRBs CORESET#0.  
Proposal 3: Single puncturing pattern is used to determine both (15PRBs, 2symbols) and (15PRBs, 3symbols) CORESET#0, 
Alt.1: The single puncturing pattern is defined from PRB point of view, i.e., same number of PRBs are punctured in either the bottom of the 24PRBs CORESET#0 or the top of the 24PRBs CORESET#0. 
Alt.2: The single puncturing pattern is defined from CCE point of view, i.e., a same number of CCEs are punctured in either the bottom of the 24PRBs CORESET#0 or the top of the 24PRBs CORESET#0.
Proposal 4: Multiple PRB offsets are defined to support flexible (punctured) SSB locations within the 3MHz channel BW. 
Proposal 5: The PRB offset indicates the frequency gap either between the start of punctured SSB and the start of unpunctured CORESET#0 or between the start of unpunctured SSB and the start of unpunctured CORESET#0.
Observation 2: For (15PRBs, 2symbols) CORESET#0, non-interleaved CCE-to-REG mapping does not provide less punctured CCEs for a PDCCH candidate than using interleaved CCE-to-REG mapping.
Proposal 6: Only interleaved CCE-to-REG mapping is supported for (15PRBs, 2symbols) CORESET#0.
Proposal 7: For search space set #0 of 15PRBs CORESET#0, the UE does not need to monitor a PDCCH candidate with only 1 or 2 available CCEs.
Proposal 8: Non-interleaved CCE to REG mapping is supported for (15PRBs, 3symbols) CORESET#0. n_shift is defined as a fixed value, such that the AL=8 PDCCH candidate contains all the available CCEs of the 15PRBs CORESET#0.
Proposal 9: Confirm that no enhancements are needed for CSI-RS other than CSI-RS for RRM. The UEs operating in the interested bands are required to support flexible BWP size without capability signaling.

	NTT DOCOMO
	Proposal 1:
For CORESET#0 configuration for 3 MHz CBW, support the offset values of {0, 3} RBs

Proposal 2:
For 5MHz channel bandwidth, for CORESET#0 transmission bandwidth, both 20 PRBs and 24 PRBs are supported 
In case of 20 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.
Offset values is fixed to 0 RBs
In case of 24 PRBs, index 0 to 5 in Table 13-1 in TS 38.213 are reused
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

Proposal 3:
For TRS transmission/reception within the transmission BW less than 5 MHz for 5MHz CBW, down select from one of the following options
Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
Option 2: Introduce a UE capability to indicate the support of the TRS with an arbitrary size with X PRB granularity between 3 to 5 MHz

Proposal 4:
[bookmark: _Hlk143173962]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 5:
For PUCCH transmission within the transmission BW less than 5MHz for 5MHz CBW, down select from one of the following options
Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
Option 2: Disable FH for common PUCCH configuration



	Samsung
	Proposal 1: From RAN1 perspective, there is no need to consider further enhancement to access barring.
Whether such functionality is indicated by SIB1 can be up to RAN2.

[bookmark: _Hlk143181602]Proposal 2: For SS/PBCH block structure with 12 RB bandwidth after truncation, PSS EPRE and SSS EPRE in the SS/PBCH block are the same.

Proposal 3: For 3 MHz channel bandwidth, the RB-level frequency offset in the new CORESET#0 configuration table is defined with respect to the SS/PBCH block after truncation.

Proposal 4: For 3 MHz channel bandwidth, in the new CORESET#0 configuration table (Table 1):
The RB-level frequency offset is 0 for 12 RB CORESET#0 bandwidth;
The RB-level frequency offsets are 0 and 2 for 24 RB CORESET#0 bandwidth;
The highest 9 RBs are truncated for 24 RB CORESET#0 bandwidth.
Table 1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz and channel bandwidth 3 MHz. Non-interleaved CCE-to-REG mapping applies for entries 4, 5, 8, and 9.

Proposal 5: RAN1 shall conclude not to support additional CORESET#0 bandwidth between 15 RBs and 24 RBs.

Proposal 6: For Type0-PDCCH, no enhancement with specification impact is needed, and conclude that the maximum number of AL for Type0-PDCCH is 4.
Send a LS to RAN4 on the RAN1 conclusion.

[bookmark: _Hlk143174013]Proposal 7: RAN1 shall conclude not to support any enhancement to CSI-RS for RRM. 

Proposal 8: RAN1 shall conclude not to support any enhancement to PUCCH FH disabling.


	Transsion
	Proposal 1  The PRB offset is the value relative to the first PRB of the non-punctured SSB.
Proposal 2  For the 5MHz channel bandwidth, no enhancements are needed for CORESET#0.
[bookmark: _Hlk143174037]Proposal 3  For the 3MHz channel bandwidth, CSI-RS for RRM supporting more flexible bandwidth can be studied.
Proposal 4  For 3MHz and 5MHz channel bandwidth, PUCCH frequency hopping can be disabled.


	LG
	[bookmark: _Hlk143181618]Proposal 1: Support EPRE boosting to recover the detection performance loss of the 12-PRB PBCH for the 3 MHz channel bandwidth in all bands.
Proposal 2: For the entries of the new CORESET#0 table (Table 13-0 as drafted in TS 38.213 CR), support =12, 24, and [18].
For CORESET#0 with =18, if introduced, non-interleaved CCE-to-REG mapping is not supported.
Proposal 3: Reuse the legacy definition of the Offset parameter, and support the following combinations of  and Offset values for the entries of the new CORESET#0 table (Table 13-0 as drafted in TS 38.213 draft CR).
For CORESET#0 with =12, Offset (RBs) = -4, [-2]
For CORESET#0 with =24, Offset (RBs) = 0
For CORESET#0 with =18 (if supported), Offset (RBs) = 0
Proposal 4: Adopt the entries in the table below as candidate entries for Table 13-0 as drafted in TS 38.213 draft CR.
Table 13-0: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz and channel bandwidth 3 MHz. Non-interleaved CCE-to-REG mapping applies for entries 6 and 7. 

Proposal 5: For CORESET#0 configuration for the dedicated spectrum less than 5 MHz, it is feasible to expand the configurability of CORESET#0.
CORESET#0 parameters such as Offset (RBs) can be signaled via broadcast signaling in PBCH.
Proposal 6: 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 7: 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 8: For the punctured CORESET#0(e.g., 15-PRB CORESET#0 derived by puncturing a 24-PRB CORESET#0), PDCCH DMRS sequence is generated based on the CORESET#0 before puncturing.
Proposal 9: Support EPRE boosting (Opt.1) to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz.
Proposal 10: Before SIB1 configuration of initial DL BWP, support that UE assumes the max TX BW or the PBCH BW as the initial DL BWP for dedication spectrum less than 5 MHz.
Proposal 11: Support intra-slot FH disabling for common PUCCH transmission for dedicated spectrum less than 5 MHz.
Existing mechanism introduced in Rel-17 RedCap can be reused.
Proposal 12: 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 calculating the PUCCH resource are based on the CORESET#0 before puncturing.


	Ericsson
	Observation 1	For a 3 MHz channel bandwidth (CBW) and according with RAN4 agreements, the use-case when UL/DL transmissions span up to 12-PRBs will be supported at one specific sync-raster point defined in NR band n100 (i.e., 920.73 MHz). The selected sync-raster point aligns the bottom of the 12-PRB SSB punctured structure with the bottom of first PRB composing the maximum transmission bandwidth.
Observation 2	Relying on the description in the previous observation for UL/DL transmissions spanning up to 12-PRBs, if the 12-PRB SSB punctured structure were used as reference, then the bottom of SSB will also be aligned with the bottom of the first common resource block (CRB) overlapping with SSB, which will facilitate the decisions around “kSSB” and “Offset(RBs)” for CORESET 0.
Observation 3	For a 3 MHz CBW when UL/DL transmissions span up to 12-PRBs at the specific sync-raster point defined in n100 (i.e., 920.73 MHz), CORESET 0 has been agreed to use “N_RB^CORESET= 12,” therefore partial CCE channel estimation won’t be an issue, hence the legacy procedure “per REG bundle precoder” is followed: That is, “the UE may assume the same precoding being used within a REG bundle”.
Observation 4	For a 3 MHz CBW and for all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85), at the sync-raster points derived from the new sync-raster formula only UL/DL transmissions spanning up to 15-PRBs are expected to happen. The location of the 12-PRB SSB punctured structure within the 15-PRB maximum transmission bandwidth depends on the selected sync-raster point derived from the sync-raster formula for the 3 MHz CBW.
Observation 5	In line with the previous observation, knowing the exact location of the 12-PRB SSB punctured structure within the 15-PRB maximum transmission bandwidth requires a band-per-band analysis and the need of requiring a kSSB ≠ 0 cannot be discarded.
Observation 6	For a 3 MHz CBW and for all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85), at the sync-raster points derived from the new sync-raster formula only UL/DL transmissions spanning up to 15-PRBs are expected to happen. In that case:
•	The location of the 12-PRB SSB punctured structure within the maximum transmission bandwidth varies, therefore as per legacy for SCS = 15 kHz, kSSB = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11} should be supported.
•	Due to that the location of the 12-PRB SSB puncture structure within the maximum transmission bandwidth varies, a generalization of the problem indicates that “Offset(RBs) = 0, 1, 2 and 3” would be required to preserve a 15-PRB CORESET 0 structure. Nonetheless, Table 13-0 of TS 38.213 only has 16 entries available, whereas the generalized solution requires 18 entries.
•	In relation with the previous bullet, a band-per-band analysis using sync-raster points derived from the sync-raster formula for 3 MHz revealed that for all possible valid locations of the 12-PRB SSB punctured structure, only Offset (RBs) = 0 and 2 are needed to align the bottom of the 15-PRB CORESET 0 punctured structure with the bottom of the 15-PRB transmission bandwidth, which would require only 10 entries in Table 13-0 of TS 38.213 as to cover all the use-cases built under the umbrella of a 3 MHz CBW.
Observation 7	From among all valid locations of the 12-PRB SSB punctured structure within the maximum transmission bandwidth, if only one puncturing pattern for CORESET 0 is to be supported (where a 15-PRB CORESET 0 structure is always obtained from puncturing the 9 uppermost PRBs of the legacy 24-PRB CORESET 0), then Offset(RBs) = 0 shall only be applied with respect to the lowermost valid location of the 12-PRB SSB punctured structure, whereas Offset(RBs) = 2 shall only be applied with respect to the uppermost valid location of the 12-PRB SSB punctured structure.
Observation 8	For a 3 MHz CBW when UL/DL transmissions span up to 15-PRBs (at the sync-raster points derived from the new sync-raster formula), the CCE-to-REG mapping is performed as per legacy on N_RB^CORESET= 24  PRBs before it gets punctured to produce the 15-PRB CORESET 0.
Observation 9	For a 3 MHz CBW when UL/DL transmissions span up to 15-PRBs (at the sync-raster points derived from the new sync-raster formula), for the 15-PRB punctured CORESET 0 structure it can be observed that:
	Only “Aggregation Level” 1, 2, 4, and 8 are possible to be used, and that among all possible PDCCH common candidates, the gNodeB will choose the most suitable candidates (i.e., no issue is foreseen towards supporting small ALs, for example AL< 8).
	When the 15-PRB punctured CORESET 0 structure is used along with N_symb^CORESET= 2 (i.e., 2-OFDM symbols in the time-domain), no partial REG bundle occurs.

	When the 15-PRB punctured CORESET 0 structure is used along with N_symb^CORESET= 3 (i.e., 3-OFDM symbols in the time-domain) partial REG bundle occurs.

	In our understanding the legacy “per REG bundle precoding” outperforms the “wideband precoding,” this since “the UE may assume the same precoding being used within a REG bundle” where frequency diversity gain can be obtained from applying different precoders over different REG bundles (i.e., precoder cycling). Thus, in our view the legacy “per REG bundle precoding” can be followed, where for example the channel estimation on partial CCE can be performed based on the partial REG bundle.

Observation 10	Based on the received LS reply in [6], for a 5 MHz channel Bandwidth the legacy 20-PRB SSB structure will be fully re-used (the LS mentions “PBCH transmission bandwidth is 20 PRBs”), whereas the LS also mentions that for “CORESET#0 transmission bandwidth is to be decided by RAN1”.
Observation 11	For a 5 MHz channel bandwidth (CBW) and according with RAN4 agreements, the use-case when UL/DL transmissions span up to 20-PRBs will be supported at one specific sync-raster point defined in NR band n100 (i.e., 921.45 MHz). The selected sync-raster point aligns the bottom of the legacy 20-PRB SSB structure with the bottom of first PRB composing the maximum transmission bandwidth.
Observation 12	Relying on the description in the previous observation for UL/DL transmissions spanning up to 20-PRBs, the bottom of SSB will also be aligned with the bottom of the first common resource block (CRB) overlapping with SSB, which will facilitate the decisions around “kSSB” and “Offset(RBs)” for CORESET 0.
Observation 13	For a 5 MHz CBW when UL/DL transmissions span up to 20-PRBs at the specific sync-raster point defined in n100 (i.e., 921.45 MHz), using “kSSB = 0” and “Offset(RBs) = 0” will allow aligning in the frequency-domain the 20-PRB SSB legacy structure and the first 20-PRBs of CORESET 0 as to puncture straight the 4 uppermost PRBs of the legacy 24-PRB CORESET 0 structure. Thus, for a 5 MHz CBW when UL/DL transmissions span up to 20-PRBs it seems to be enough using “kSSB = 0” and “Offset(RBs) = 0”.
Observation 14	For a 5 MHz CBW when UL/DL transmissions span up to 20-PRBs at the specific sync-raster point defined in n100 (i.e., 921.45 MHz), the CCE-to-REG mapping is performed as per legacy on NRBCORESET= 24 PRBs before it gets punctured to produce the 20-PRB CORESET 0.
Observation 15	For a 5 MHz CBW when UL/DL transmissions span up to 20-PRBs at the specific sync-raster point defined in n100 (i.e., 921.45 MHz), for the 20-PRB punctured CORESET 0 structure it can be observed that:
	Only “Aggregation Level” 1, 2, 4, and 8 are possible to be used, and that among all possible PDCCH common candidates, the gNodeB will choose the most suitable candidates (i.e., no issue is foreseen towards supporting small ALs, for example AL< 8).
	When the 20-PRB punctured CORESET 0 structure is used along with N_symb^CORESET= 2 (i.e., 2-OFDM symbols in the time-domain), partial REG bundle occurs.
	In our understanding the legacy “per REG bundle precoding” outperforms the “wideband precoding,” this since “the UE may assume the same precoding being used within a REG bundle” where frequency diversity gain can be obtained from applying different precoders over different REG bundles (i.e., precoder cycling). Thus, in our view the legacy “per REG bundle precoding” can be followed where the channel estimation on partial CCE is performed based on the partial REG bundle.

	When the 20-PRB punctured CORESET 0 structure is used along with N_symb^CORESET= 3 (i.e., 3-OFDM symbols in the time-domain) no partial REG bundle occurs.
Observation 16	According with TS 38.213 clause 7.4.2.1 there are 1008 unique physical-layer cell identities given by “ ,” where “N_"ID" ^((1))” and “N_"ID" ^((2))” are sets associated to SSS and PSS respectively. “Odd” and “Even” Cell Identities (i.e., “N_"ID" ^cell”) distribute differently the CCE-to-REG mapping, there might be an issue if only “odd” or only “even” Cell IDs were used, but if there is no restriction on the usage of “N_"ID" ^((1))” nor “N_"ID" ^((2))” (which are used to determine “N_"ID" ^cell”) then no issue is foreseen to happen.
Observation 17	In relation with the previous observation, for “LessThan5MHzFR1” there are no restrictions on the usage of “N_"ID" ^((1))” nor “N_"ID" ^((2)),” hence no issue is foreseen to happen towards deriving and using “N_"ID" ^cell”. Moreover, the “N_"ID" ^cell” to be used is a cell deployment (cell planning) related topic.
Observation 18	For CSI-RS other than for RRM measurements, it was concluded that no enhancements are needed. For CSI-RS for RRM in our understanding RAN4 will down-select between SSB based L1 measurements and CSI-RS based L1.
Observation 19	About the FFS on “the necessity for PUCCH FH disabling”, no “necessity” has been identified since different than RedCap there is no “PUSCH resource fragmentation issue”. However, now that more use-cases are to be supported under the scope of the Rel-18 WI on “LessThan5MHzFR1” it is better to equip the gNodeB with the ability of enabling/disabling Frequency Hopping (especially if the degree of flexibility of the initial BWP is still under discussion in RAN4).
Observation 20	Given the conclusion and agreement on PRACH to operate on transmission bandwidths of <5 MHz for 3 MHz and 5 MHz channel bandwidth, no other clarification or follow-up touching upon PRACH is foreseen to be needed.
Observation 21	On the “Rel-18 Higher layers parameter list”, in our understanding “LessThan5MHzFR1” is more of a carrier type than a feature, and it is enabled if the Base Station transmits information such that the UE can identify it and access it, for example on a new sync raster and/or via MIB/SIB contents. Enabling/Disabling of the overall feature via RRC is not relevant as it will be too late (e.g., punctured structures will be received at an early stage).
Observation 22	Any input on the “Rel-18 Higher layers parameter list” will depend on agreements yet to be made in RAN1# 114:
•	For example: Is there any need of differentiating via MIB between a regular-case and a sub-case (i.e., differentiating between 3 MHz and sub-3 MHz, or 5 MHz and sub-5MHz)? In our understanding there is no need to differentiate via MIB between 5 MHz and sub-5 MHz (nor 3 MHz and sub-3 MHz), since the sub-case happens only at a specific sync-raster point defined in n100. In other words, there is no need to have an explicit early indication since the differentiation between the sub-case and the regular case is implicitly given by the sync-raster points.
•	Any other foreseen impact touching upon HL? For example, if Enabling/Disabling Frequency Hopping (FH) were supported, then whether FH is enabled or disabled could be indicated via SIB1.

Based on the discussion in the previous sections we propose the following:

Proposal 1	For a 3 MHz CBW when UL/DL transmissions span up to 12-PRBs at the specific sync-raster point defined in n100 (i.e., 920.73 MHz), the 12-PRB SSB punctured structure is used as a reference to determine the first CRB overlapping with SSB.
Proposal 2	For a 3 MHz CBW when UL/DL transmissions span up to 12-PRBs at the specific sync-raster point defined in n100 (i.e., 920.73 MHz), “kSSB = 0” and “Offset(RBs) = 0” are supported as to keep the 12-PRB SSB punctured structure and the 12-PRB CORESET 0 structure aligned in the frequency-domain.
Proposal 3	For a 3 MHz CBW and for all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85), at the sync-raster points derived from the new sync-raster formula where only UL/DL transmissions spanning up to 15-PRBs are expected to happen, the 12-PRB SSB punctured structure is used as a reference to determine the first CRB overlapping with SSB.
Proposal 4	For a 3 MHz CBW and for all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85), at the sync-raster points derived from the new sync-raster formula where only UL/DL transmissions spanning up to 15-PRBs are expected to happen, kSSB = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11} is supported.
Proposal 5	For a 3 MHz CBW and for all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85), at the sync-raster points derived from the new sync-raster formula where only UL/DL transmissions spanning up to 15-PRBs are expected to happen, Offset(RBs) = {0 and 2} are supported.
Proposal 6	Support only one puncturing pattern for CORESET 0, where any appliance of Offset(RBs) shall result in puncturing the 9 uppermost PRBs of the legacy 24-PRB CORESET 0 as to produce a 15-PRB CORESET 0 structure within the maximum transmission bandwidth.
•	The unique puncturing pattern for CORESET 0 is captured in TS 38.211 (similarly as the puncturing pattern captured in the same technical specification for SSB):
For cell search on a carrier with a channel bandwidth of 3 MHz, the UE is not expected to receive the 9 uppermost PRBs in any of the 2 or 3 OFDM symbols of CORESET 0 as indicated by N_symb^CORESET when N_RB^CORESET  = 24.
Proposal 7	For a 3 MHz CBW when UL/DL transmissions span up to 15-PRBs (at the sync-raster points derived from the new sync-raster formula), the legacy procedure “per REG bundle precoder” is followed: That is, “the UE may assume the same precoding being used within a REG bundle”.
	For the 15-PRB punctured CORESET 0 structure used along with N_symb^CORESET= 2 (i.e., 2-OFDM symbols in the time-domain), there is no partial REG bundle.
	For the 15-PRB punctured CORESET 0 structure used along with N_symb^CORESET= 3 (i.e., 3-OFDM symbols in the time-domain), the channel estimation on partial CCE if any can be performed based on the partial REG bundle.
Proposal 8	For a 5 MHz CBW when UL/DL transmissions span up to 20-PRBs at the specific sync-raster point defined in n100 (i.e., 921.45 MHz), “kSSB = 0” and “Offset(RBs) = 0” are supported.
Proposal 9	Support only one puncturing pattern for CORESET 0, Offset(RBs) = 0 is supported to result in puncturing the 4 uppermost PRBs of the legacy 24-PRB CORESET 0 as to produce a 20-PRB CORESET 0 structure within the maximum transmission bandwidth.
	The unique puncturing pattern for CORESET 0 is captured in TS 38.211 (similarly as the puncturing pattern captured in the same technical specification for SSB):
For cell search on a carrier with a channel bandwidth of 5 MHz, the UE is not expected to receive the 4 uppermost PRBs in any of the 2 or 3 OFDM symbols of CORESET 0 as indicated by N_symb^CORESET when N_RB^CORESET  = 24.
Proposal 10	For a 5 MHz CBW when UL/DL transmissions span up to 20-PRBs at the specific sync-raster point defined in n100 (i.e., 921.45 MHz), the legacy procedure “per REG bundle precoder” is followed: That is, “the UE may assume the same precoding being used within a REG bundle”.
	For the 20-PRB punctured CORESET 0 structure used along with N_symb^CORESET= 2 (i.e., 2-OFDM symbols in the time-domain), the channel estimation on partial CCE if any can be performed based on the partial REG bundle.
	For the 20-PRB punctured CORESET 0 structure used along with N_symb^CORESET= 3 (i.e., 3-OFDM symbols in the time-domain), there is no partial REG bundle.
Proposal 11	For a 5 MHz CBW when UL/DL transmissions span up to 25-PRBs (at the sync-raster points derived from the legacy sync-raster formula), there are no specifications impacts since the legacy procedures to operate in a 5 MHz CBW are fully followed.
Proposal 12	For a 3 MHz CBW, “n"shift"=N"IDcell"  holds” since no issue was identified (i.e., “LessThan5MHzFR1” does not impose any restriction on the usage of “N"ID"(1)” nor “N"ID"(2),” hence no issue is foreseen to happen towards deriving and using “N"ID" cell”).
Proposal 13	CSI-RS for RRM, “SSB based L1 measurements and CSI-RS based L1” are currently under discussion in RAN4, therefore CSI-RS for RRM can be continued to be discussed and concluded in RAN4.
Proposal 14	For PUCCH of Msg4 to support transmission bandwidths of < 5 MHz for 3 MHz and 5 MHz channel bandwidths, Enabling/Disabling Frequency Hopping (FH) is supported when the “LessThan5MHzFR1” initial UL BWP is configured, and the FH configuration to be applied is indicated via SIB1.
Proposal 15	The input on the “Rel-18 Higher layers parameter list” depends on agreements yet to be made in RAN1# 114, therefore it is recommended to start the discussion on the “HL parameter list” after all the fundamental aspects of “LessThan5MHzFR1” are settled.



	Qualcomm
	For BWP and Tx BW:
Proposal 1: 
For 5MHz ChBW in band n100: reuse BWP=25RBs and support the allowed Tx BW=20RBs. 
For 3MHz ChBW: support BWP=15RBs and the allowed Tx BW=12RBs or 15RBs. 

For CORESET0:
Proposal 2: For 5MHz ChBW with less than 5MHz transmission bandwidth, new CORESET0 can be configured as 20RBs with 4RBs punctured from legacy 24RB CORESET0 using interleaving R=2, which is indicated by Table 13-0 in TS38.213 as
Table 13-0: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 3 MHz and channel bandwidth 3 MHz. Non-interleaved CCE-to-REG mapping applies for entries 4 and 5. 

Proposal 3: The CORESET0 RB offset is defined relative to the SSB after puncturing if any.
For CORESET0 with 12RBs, RB offset=0.
For CORESET0 with 15RBs, RB offset=0 and 9 RBs will be punctured from the higher frequency of 24-RB CORESET0.
For CORESET0 with 20RBs, RB offset=0 and 4 RBs will be punctured from the higher frequency of 24-RB CORESET0.

Proposal 4: The CCE-to-REG mapping of CORESET0 can be set as nshift =(cell ID mod 3) for 3-symbol 15RB CORESET0 without interleaving and nshift =cell ID for other cases.

[bookmark: OLE_LINK17]Proposal 5: For CORESET0 with 15RBs or 20RBs, UE can decode the partial CCE with puncturing if precoding is across all REGs; otherwise, UE is not required to decode partial CCE with puncturing.

Proposal 6: For CORESET0 in NR dedicated spectrum less than 5MHz
MIB/PBCH indicate reserved kSSB=30 to prevent legacy UEs accessing the spectrum less than 5MHz
New UEs assume kSSB=0 and use the Table 13-0 to indicate new CORESET0 configurations.

For CSI-RS/TRS:
Proposal 7:
[bookmark: _Hlk143174111]For 5MHz ChBW with BWP=25RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 20RBs for the allowed transmission bandwidth of 20RBs.
For 3MHz ChBW with BWP=15RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 12RBs for the allowed transmission bandwidth of 12RBs.

For PUCCH:
Proposal 8: Support disabled PUCCH frequency hopping for msg4 for Tx BW of 20RBs in 5MHz ChBW and Tx BW of 12RBs in 3MHz ChBW.


	MediaTek
	Proposal 1: When puncturing is applied, PRBs with larger indices in CORESET#0 are punctured.
Proposal 2: For CBW=3MHz, the Offset (RBs) in the new table is defined with respective to the subcarrier spacing of CORESET#0 from the smallest RB index of CORESET#0 to the smallest index of PSS/SSS.
Proposal 3: For CBW=5MHz, the Offset (RBs) in the new table follows the legacy definition which is defined with respective to the subcarrier spacing of CORESET#0 from the smallest RB index of CORESET#0 to the smallest index of the SS/PBCH block.
Proposal 4: Adopt Table 1 for the new CORESET#0 table
Proposal 5: As per legacy operation, frequency hopping is always enabled for PUCCH in common PUCCH resources. No enhancements are needed for PUCCH.
[bookmark: _Hlk143174144]Proposal 6: No enhancements are needed for CSI-RS for RRM. UE is not expected to be configured with CSI-RS for RRM in a cell whose transmission bandwidth is smaller than the CSI-RS.
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