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Introduction
[bookmark: _Hlk53783455]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#113 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#113. 
[113-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
In RAN1#111, an LS [2] is sent to RAN4 regarding the maximum transmission BW for 3MHz channel BW and the feasibility of finer sync. raster for 3MHz and 5MHz channel BW. The responses in RAN4’s reply LS [3] are as below,
	RAN4 thanks RAN1 for providing the LS. RAN4 has discussed the questions from RAN1 and would like to provide the following response as well as follow-up questions to RAN1.
Question 1:  RAN1’s understanding is that in addition to reusing 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 response on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
RAN4 response: RAN4 has agreed on a maximum transmission bandwidth configuration of 15 PRBs for 3 MHz channel bandwidth.
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
RAN4 response: RAN4 has analysed different synchronization raster options for 3 MHz channel bandwidth. RAN4 sees finer synchronization raster feasible as well as necessary for 3 MHz channel bandwidth. For 5 MHz channel bandwidth, RAN4 has not yet reached any agreement on the necessity for finer synchronization raster for 5 MHz channel bandwidth.
[bookmark: _Hlk135290214]For 3 MHz channel bandwidth, it was observed that the choice of the PBCH puncturing will impact the choice of finer synchronization raster. Therefore, RAN4 would like to ask RAN1 how PBCH within SSB will be punctured? 
Finally, RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.


From the RAN4 reply LS, two below questions need responses from RAN1, 
· Q1: RAN4 would like to ask RAN1 how PBCH within SSB will be punctured?
· Q2: RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.
A response LS from RAN1 to RAN4 is therefore needed. The contents depend on the outcome in section 3.2 on PBCH transmission bandwidth and puncturing pattern. 
Potential enhancements on signals/channels
SS/PBCH block
For 3MHz channel BW with 15PRBs maximum transmission BW, the PBCH transmission BW is less than the NR specified 20PRBs PBCH. To transmit PBCH in the reduced PBCH transmission BW, RAN1#112 agreed a working assumption to use RB-level puncturing for transmission BWs of <5MHz,
	[bookmark: OLE_LINK12]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


From the submitted contributions, majority companies (FUTUREWEI, vivo, Spreadtrum, Lenovo, Nokia, NSB, LG, Ericsson, Apple, Qualcomm, DOCOMO, Mediatek) propose to confirm the working assumption, while ZTE proposes not to confirm the WA and to adopt PBCH remapping. According to ZTE’s evaluations, PBCH remapping can provide 1.6 dB and 4.0 dB gain of PBCH receiving performance over puncturing with 5 PRBs and 8 PRBs respectively. TD-Tech has some concern on whether PBCH detection performance is acceptable for 12PRBs PBCH transmission BW.
Following the preference from majority companies, it is proposed in proposal 3.1.1-1 to confirm the working assumption on the RB-level based puncturing for PBCH. 
Regarding PBCH transmission BW, in the reply LS from RAN#99 [4], it was concluded that,
· For the 3MHz channel bandwidth in band n100, PBCH transmission bandwidth is 12 PRBs
· For the 5MHz channel bandwidth, PBCH transmission bandwidth is 20 PRBs
For 12PRBs PBCH transmission BW (for n100), since PSS/SSS should be included in the PBCH transmission BW, and with the RB-level PRB puncturing as in the working assumption, it seems quite natural to puncture the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH as for the 12PRBs PBCH transmission BW. This is also proposed by many companies (FUTUREWEI, vivo, Spreadtrum, Huawei, Hisilicon, Nokia, Ericsson, Qualcomm, Lenovo) in their contributions. No other puncturing patterns are proposed by companies for PBCH transmitted in 12PRBs transmission BW. With that, in proposal 3.1.2-1, it is proposed that the upper 4PRBs and the lower 4PRBs of NR 20PRBs PBCH are punctured for 12PRB PBCH transmission BW. 
Besides, in the RAN response LS, RAN1 is requested to consider whether 12PRBs PBCH transmission BW applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands. These two options for PBCH transmission BW for 3MHz channel bandwidth in the bands other than band n100 are listed in below,
· [bookmark: OLE_LINK11]Opt.1: PBCH transmission bandwidth is 12PRBs (same with that in band n100)
· Opt.2: PBCH transmission BW is 15PRBs (same with 3MHz channel BW)
From the submitted contributions, the supporting companies for each option are summarized as in blew,
· Opt.1: Nokia, NSB, Apple, Qualcomm, Samsung, Rakuten, DOCOMO, Lenovo (8 companies)
· Opt.2: FUTUREWEI, vivo, Spreadtrum, Huawei, Hisilicon, ZTE, Xiaomi, [LG], Ericsson, MediaTek (10 companies)
The arguments for opt.1 are e.g., Huawei: for bands other than n100, there is no migration issue, so the PBCH transmission could be 15PRBs; vivo: From the performance point of view, it is not necessary to limit the PBCH transmission bandwidths to 12 PRBs for all band; The arguments for opt.2 are e.g., Nokia: 15-RB PBCH is an optimisation that is not strictly a necessary change for functional support. Qualcomm: If the SSB detection of 12RBs is acceptable in band n100, it would be feasible for other bands as well.
The high-level pros./cons. for each option is summarized in below table. Companies are encouraged to provide more pros./cons. in the responses, if any. This table will be updated based on the responses. Besides, Question 3.1.1-2 is provided to collect views on the additional standard efforts of having two PBCH transmission BWs over using one 12PRBs PBCH transmission BW for all bands of interest.
	
	Pros.
	Cons.

	Opt.1
	Less standard impact.
Less implementation effort.
Acceptable PBCH detection performance. 
	[bookmark: OLE_LINK17]Worse PBCH detection performance leading to more latency for PBCH detection


	Opt.2
	Better PBCH detection performance leading to less latency for PBCH detection
	More standard effort. 
Higher implementation effort for band-specific PBCH puncturing


Companies’ evaluations results on the performance gap between 15PRBs and 12PRBs PBCH are listed in the below table. It is observed that the evaluation results are quite diverse, but anyway could say the gap can be lower than 3dB in terms of SNR/MCL.
	Vivo
	Spreadtrum
	ZTE
	Nokia
	Ericsson
	Qualcomm
	Samsung
	MediaTek

	3-4dB SINR loss w/o power boosting; 1-1.6dB SINR loss w/ power boosting
	~1.4dB SNR loss
	2.7dB SNR loss
	3dB MCL loss
	~1.85dB SNR loss
	~1.8dB SNR loss w/o power boosting; ~1dB SNR loss w/o power boosting
	~0.1dB SNR loss w/ power boosting
	~3dB SNR loss


Given such status, a hard decision might be needed in RAN1 to determine which option (12PRB or 15PRB PBCH transmission BW for bands other than n100) to be adopted for the PBCH transmission BW. Before that, it might be useful to collect companies’ view (again) on which option is preferred or can be lived with. Companies are encouraged to provide the views in Question 3.1.1-1. 
If opt.2 (15PRBs PBCH transmission BW) can be agreed, as indicated by companies (vivo, Huawei, Ericsson, et.al.), there are 4 PBCH puncturing patterns to determine the 15RPBs PBCH transmission BW. 
· legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 3RB and lower 2RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 2RB and lower 3RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
From the submitted contributions, quite a few companies ([FUTUREWEI], vivo, Spreadtrum, Ericsson, Xiaomi, LG, et.al.) support to have one fixed puncturing pattern to reduce the standard impact. Huawei proposes to send a LS to RAN4 to ask if it is feasible to support only subset of the four patterns. Proposal 3.1.1-3 is provided to collect companies’ view on the only one puncturing pattern for 15PRB PBCH transmission bandwidth.

First round discussion
Proposal 3.1.1-1: Confirm following RAN1#112 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
	[bookmark: OLE_LINK52]Companies
	Y/N
	Comments

	MediaTek
	Y
	

	Qualcomm
	Y
	

	Ericsson
	Y
	

	FUTUREWEI
	Y
	

	vivo
	Y
	

	Spreadtrum
	Y
	

	Nokia, Nokia Shanghai Bell
	Y
	

	DOCOMO
	Y
	

	LGE
	Y
	

	ZTE
	
	We are still not convinced. Using puncturing provides worse performance and cannot address the early indication issue discussed in Section 3.6.3. 

	Samsung
	Y
	



[bookmark: OLE_LINK18][bookmark: OLE_LINK33]Proposal 3.1.1-2: For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured.
	[bookmark: OLE_LINK22]Companies
	Y/N
	Comments

	MediaTek
	Y
	

	Qualcomm
	Y
	

	Ericsson
	Y
	

	FUTUREWEI
	Y
	

	vivo
	Y
	

	Spreadtrum
	Y
	

	Nokia, Nokia Shanghai Bell
	Y
	

	DOCOMO
	Y
	

	LGE
	Y
	

	ZTE
	Y
	

	Samsung
	Y
	



Question 3.1.1-1: For PBCH transmission BW for 3MHz channel bandwidth for the bands other than band n100, which option do you prefer/live with,
· Opt. 1: PBCH transmission bandwidth is 12PRBs
· Opt. 2: PBCH transmission BW is 15PRBs 
	[bookmark: OLE_LINK21]Companies
	Preferred option
	Can live with
	Comments

	MediaTek
	Opt. 1
	
	We prefer Opt. 1 for two reasons: 
1. For PBCH of 15 PRBs in a 3MHz CBW with 15 PRBs, sync raster interval is reduced from 1.2MHz to be same as channel raster interval of 100kHz. This increases UE’s cell search complexity quite significantly. 
For PBCH of 15 PRBs, it is not clear whether one PBCH puncturing pattern is sufficient for all bands. If not, it is not clear where to specify/signal the puncturing patterns. 

	Qualcomm
	Opt.1
	
	

	Ericsson
	Opt. 2
	
	A 12-PRB SSB punctured structure is not meaningful for the use-cases operating in bands other than n100. Using a 12-PRB SSB punctured structure in bands other than n100 leads to an unutilized spectrum and a worse performance.

	FUTUREWEI
	Opt. 2
	
	Similar concerns about performance

	vivo
	Opt.2
	
	We do not think the performance of PBCH in other bands should be penalized because of band n100. 

	Spreadtrum
	Opt.2
	
	Our position on this issue was wrongly capture, we have modified it, i.e.,
	From the submitted contributions, the supporting companies for each option are summarized as in blew,
· Opt.1: FUTUREWEI, vivo, Spreadtrum, Huawei, Hisilicon, ZTE, Xiaomi, [LG], Ericsson, Mediatek (10 9 companies)
· Opt.2: Nokia, NSB, Apple, Qualcomm, Samsung, Rakuten, DOCOMO, Lenovo, Spreadtrum (89 companies)


Our preference is option 2, as there is a non-negligible performance difference between 12PRBs and 15 PRBs.

	Nokia, Nokia Shanghai Bell
	Opt. 1
	
	In our view the 12 RBs allows for simpler product and standards implementation. Moreover, the minor difference in PBCH coverage is not meaningful, given that PBCH is not the bottle neck for the overall system coverage.

	DOCOMO
	Opt.1
	
	As summarized by FL, Opt.2 is optimization and has more spec. impact, which is not aligned with WID to minimize the spec impact.
Since this is the last RAN1 meeting allocated to this WI before functional freeze, we shouldn’t spend more time on this issue. 12-PRB PBCH is anyway to be specified for band n100 and we can just reuse it for other 3MHz CBW without any optimization.

	LGE
	Opt.2
	
	It may be confusing from our contribution as we listed three options for down-selection including the two options above, but we tend to prefer supporting both 12 RBs and 15 RBs for PBCH transmission depending on the maximum transmission bandwidth. The remaining RBs within the max transmission bandwidth for 3MHz channel bandwidth will probably be wasted if only 12 RBs are used for PBCH transmission.

	ZTE
	Opt.2
	
	For bands other than n100, 15 PRBs are available according to the request of operators. This should be respected to fully use the frequency resources for better performance and larger system capacity.
BTW, our company stance is wrongly captured in the FL summary above. 

	FL
	
	
	Companies’ preference for each option is now revised. Thanks Spreadtrum, LGE, ZTE and others for the reminding.

	Samsung
	Opt.1
	
	



[bookmark: OLE_LINK38]Question 3.1.1-2: In your view, compared with using 12PRBs PBCH transmission BW for all bands of interest, what are the additional standard efforts of having two PBCH transmission BWs, i.e., 12PRBs for n100 and 15PRBs for other bands?
	Companies
	Comments

	MediaTek
	1. Decide which puncturing pattern(s) to be supported for PBCH
· Note: sync raster has not been decided for these bands. 
If more than one puncturing pattern is supported, decide which pattern is supported for which bands/sync raster points. And where (RAN1/RAN4 spec) to specify the association between puncturing patterns and bands/sync raster points

	Qualcomm
	Agree with MTK.
SSB of 12RBs is already supported in 3MHz ChBW. More than one SSB pattern is not needed and complicated for UE searching.

	Ericsson
	From a RAN1 perspective, the SSB puncturing pattern in each case.

	FUTUREWEI
	No difference in standards efforts for either case

	vivo
	Define the PBCH puncturing patterns for 12PRBs for n100 and 15PRBs for other bands.

	Spreadtrum
	puncturing pattern

	Nokia, Nokia Shanghai Bell
	Agree with MTK and QCOM.

	DOCOMO
	Same view with MTK

	LGE
	We think two approaches are possible:
1. PBCH transmission bandwidth is 12 PRBs in band n100, and 15 PRBs for all other bands with 3 MHz channel bandwidth (PBCH bandwidth is fixed per band)
2. PBCH transmission bandwidth is initially assumed to be 12 PRBs for all bands with 3 MHz channel bandwidth, and 15 PRBs can also be supported with broadcast signaling
For approach 2, gNB can configure the PBCH transmission bandwidth b/w 12 RBs and 15 RBs, but to avoid BD from a UE, a UE assumes 12 RBs for PBCH transmission for all 3MHz channel bandwidth.

	ZTE
	It needs to define the SSB transmission pattern while this should be straightforward if only one pattern is specified as discussed the question below. 

	Samsung
	Agree with MTK



Proposal 3.1.1-3: If 15PRB PBCH transmission BW is to be adopted for the bands other than band n100, only one puncturing pattern is defined for 15PRB PBCH transmission bandwidth.
· FFS: which puncturing pattern is to be defined.
	Companies
	Y/N
	Comments

	Ericsson
	
	A puncturing pattern that can offer commonality for the supported use-cases, for example (using a similar wording as the FL):
For 15PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 1PRB of NR 20PRBs PBCH are punctured
The commonality comes from the fact that “Proposal 3.1.1-2” and the proposal above , both puncture “the upper 4PRBs”.

	FUTUREWEI
	Y
	If there is a performance difference among the four patterns, the pattern with the best performance should be selected

	vivo
	
	We are fine with moderator’s proposal and also fine with Ericsson’s revision to make more progress.

	Spreadtrum
	Y
	

	LGE
	Y
	For the FFS part, we are fine to select one based on performance, even if the difference may be small. 

	ZTE
	Y
	One puncturing pattern is preferred to avoid additional spec efforts for the differentiation and additional UE complexity for searching. 

	Samsung
	Y
	




PDCCH CORESET
For this part, most discussions in the contributions are regarding CORESET#0.
[bookmark: OLE_LINK48]As requested in the RAN plenary reply LS [3], the CORESET#0 transmission bandwidths from 3MHz channel BW and 5MHz channel BW are to be decided by RAN1.
From the submitted contributions, the companies’ views (or assumptions) on the CORESET#0 transmission BW are summarized as in below:
· CORESET#0 transmission BW for 3MHz channel BW
· FUTUREWEI: 12PRBs, 15PRBs
· Vivo: for band n100, either 12PRBs or 15PRBs; for other bands, 15PRBs
· Spreadtrum: 12PRBs or 15PRBs
· Huawei: for band n100, 12PRBs; for other bands, 15PRBs
· Xiaomi: 12PRBs, 16PRBs
· Nokia: 12PRBs, 14PRBs, 15PRBs
· Ericsson: 12PRBs, 15PRBs
· Apple: 12PRBs, 15PRBs
· Qualcomm: 12PRBs, 15PRBs for 2symbols and 12PRBs, 16PRBs for 3symbols
· Samsung: only 12PRBs
· DOCOMO: 12PRBs with 2/3 symbols; 15PRBs with 2/3 symbols
· MediaTek: 12PRBs, 15PRBs 
· Lenovo: 12PRBs, 15PRBs for n100; for other bands, 15PRBs
· CORESET#0 transmission BW for 5MHz channel BW
· FUTUREWEI: 20PRBs
· Vivo: 20PRBs
· Spreadtrum: 20PRBs
· Nokia: 20PRBs, 21PRBs, 22PRBs, 24PRBs
· Ericsson: 20PRBs
· Qualcomm: 18PRBs for 2symbols and 20PRBs for 3symbols.
· Lenovo: 20PRBs
It is observed that for 3MHz channel BW, 12PRBs and 15PRBs are supported/assumed as the CORESET#0 transmission BW by most companies. The reasoning includes e.g, gradual migration from GSM-R to NR based FRMCS (12PRBs),better PDCCH detection performance (15PRBs), etc. Two companies (Nokia, Qualcomm) support more candidate transmission BWs with the reasoning of e.g., more flexibility and ease of CCE to REG mapping, and one company (Samsung) supports single 12PRBs transmission BW to ease the CCE to REG mapping. Based on this observation, in proposal 3.2.1-1, it is proposed that at least 12PRBs and 15PRBs are supported as the CORESET#0 transmission BW for 3MHz channel BW. 
For 5MHz channel BW, 20PRBs are supported by most companies. Two companies (Nokia, Qualcomm) support more candidate transmission BWs with same reasoning as above for 3MHz channel BW. Following the companies’ view, in proposal 3.2.1-2, it is proposed that at least 20PRBs are supported as the CORESET#0 transmission BW for 5MHz channel BW. 
Regarding the configuration of CORESET#0 for 3MHz and 5MHz channel bandwidth, RAN1#111 agreed to study following options,  
	Agreement
[bookmark: _Hlk120110680]For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· [bookmark: _Hlk134284681]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.


From the submitted contributions, the supporting companies for each option are summarized in below, 
· Opt.1: vivo, Spreadtrum, LG (3 companies)
· Opt.2: ZTE, Huawei, Hisilicon, Xiaomi, Lenovo, Nokia, NSB, Ericsson, Apple, Qualcomm, DOCOMO, TD-Tech, MediaTek (13 companies) 
Standard impact is one key criterion to determine which option is to be selected. However, companies have different understanding on which option has less standard impact. This is related with the detailed concept of CORESET#0 design of the companies.
Following the majority view, it is proposed in proposal 3.2.1-3 to introduce new CORESET#0 configuration table(s) for CORESET#0 configuration for CORESET#0 transmission BW less than [or equal to] 24PRBs.
If new CORESET#0 configuration table could be adopted, one issue is whether to define separate configuration tables for 3MHz and 5MHz channel BW, or a single CORESET#0 configuration table could be used by both 3MHz and 5MHz channel BW. From the contributions, e.g., Nokia/NSB, [Ericsson] propose to use separate CORESET#0 configuration tables for 3MHz and 5MHz channel BW, while Lenovo, Qualcomm propose/assume to have single table for both 3MHz and 5MHz channel BWs. Companies’ views on the adoption of one or two tables are to be collected in Question 3.3.1-1. 
If new CORESET#0 configuration table could be adopted, two sub-options could be considered for the table design as in below. These sub-options have been discussed in RAN1#112.
	Proposal in RAN1#112
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. No puncturing is needed.
· Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used


From the submitted contributions, the supporting companies for each sub-option are summarized as in below, 
· Opt.2-1: ZTE, [Apple], Qualcomm, DOCOMO
· Opt.2-2: Nokia, NSB, Ericsson
Companies’ preference on opt.2-1 or opt.2-2 is to be collected in proposal 3.2.1-4.
If new CORESET#0 configuration table could be adopted, one issue is how the PRB offset is defined and the PRB offsets to be supported. As specified in legacy, the PRB offset is the the smallest RB index of the CORESET#0 to the smallest RB index of the CRB overlapping with the first RB of the corresponding SSB. In the dedicated spectrum, since the SSB is punctured from legacy and CORESET#0 is new defined, the PRB offset might need to be revised correspondingly. From the discussion in previous meetings, there might be three options for the PRB offset definition,
· Opt.1: The PRB offset is relative to the first PRB of the PRBs for PSS/SSS transmission
· Opt.2: The PRB offset is relative to the first PRB of the punctured SSB
· Opt.3: The PRB offset is relative to the first PRB of the non-punctured SSB
It is noted that opt.1 and opt.2 are the same for 12PRB PBCH transmission BW. From the submitted contributions, companies’ views for the preferred option are summarized in below,
· Opt.1: FUTUREWEI, Nokia, NSB (for 3MHz channel BW)
· Opt.2: 
· Opt.3: [ZTE], Huawei, Hisilicon, Nokia, NSB (for 5MHz channel BW)
Companies’ views on the preferred option are to be collected in proposal 3.3.1-5.  
Regarding the supported PRB offsets, companies’ views are summarized in below,
· FUTURE: 0PRB to 3PRBs for 3MHz channel BW
· ZTE: Introduce negative offsets
· Huawei: Introduce finer offset values. The additional offset values could be 1 or 3.
· Nokia: for 3MHz: Offset (RB) is relative to the first RB of the RB of the RBs for PSS/SSS transmission; for 5MHz: Offset (RB) follows the legacy operation
It is noted the PRB offsets depends on the SSB transmission BW (e.g., whether it is 12PRBs or 15PRBs for 3MHz channel BW). This issue can be treated after the SSB transmission BW is settled down. 
Regarding REG definition, there are two following options,
· Opt.1: REGs are defined within the configured CORESET#0 PRBs 
· Opt.2: REGs are defined within legacy 24PRB CORESET#0. 
It is noted that the REG definition is very much dependent on the CORESET#0 configuration design. This issue can be discussed after CORESET#0 configuration table is determined.
Quite a few companies show the supporting of non-interleaved CCE to REG mapping as least for 3MHz channel BW, including vivo, Nokia, NSB, Qualcomm, Apple, MediaTek. It is noted the supporting companies includes both those support to reuse legacy CORESET#0 configuration table (e.g., vivo) and those support to introduce a new configuration table (e.g., others). This provides a chance to see if non-interleaved CCE to REG mapping could be agreed regardless of CORESET#0 table design. Proposal 3.2.1-6 is provided to collected companies’ views on this.
There are also discussions on whether to do RB level puncturing or CCE level puncturing, this issue can be discussed later after CORESET#0 configuration is determined.
Regarding PDCCH detection performance in CORESET#0 for dedicated spectrum, 
· Vivo evaluation results are provided in Table X and Table Y in below (as in their contribution).
Table X: PDCCH decoding performance for Case 1 of 2-symbol CORESET#0 with/without power boosting and with/without interleaver
	Case 1: 2-symbol CORESET#0 w 24RBs
	SINR for 1% BLER [dB]
	SINR loss[dB]
	SINR for 1% BLER [dB]
	SINR loss[dB]

	
	AL=4
	AL=4
	AL=8
	AL=8

	Case 1-1
	legacy behavior
	-0.64
	--
	-3.75
	--

	Case 1-2-1
(w/ interleaver)
	w/o power boost
	CCE#3 is punctured
	1.48
	2.12
	CCE#3,5,7 are punctured
	-1.28
	2.47

	
	w power boost
	
	-0.47
	0.17
	
	-3.24
	0.51

	Case 1-2-2
(w/o interleaver)
	w/o power boost
	No CCE is punctured
	-0.49
	0.15
	CCE#5,6,7 are punctured
	-1.32
	2.43

	
	w power boost
	
	-2.44
	-1.80
	
	-3.28
	0.47



Table Y: PDCCH decoding performance for Case 2 of 3-symbol CORESET#0 with/without power boosting and with/without interleaver
	Case 2: 3-symbol CORESET#0 w 24RBs
	SINR for 1% BLER [dB]
	SINR loss[dB]
	SINR for 1% BLER [dB]
	SINR loss[dB]

	
	AL=4
	AL=4
	AL=8
	AL=8

	Case 2-1
	legacy behavior
	-0.76
	--
	-3.82
	--

	Case 2-2-1
(w/ interleaver)
	w/o power boost
	REG#45, 46, 47 are punctured
	-0.11
	0.65
	REG#45, 46, 47, CCE#5, 7 are punctured
	-2.06
	1.76

	
	
	CCE#3 is punctured
	0.96
	1.72
	CCE#3,5,7are punctured
	-1.68
	2.14

	
	w power boost
	REG#45, 46, 47 are punctured
	-2.08
	-1.32
	REG#45, 46, 47, CCE#5, 7 are punctured
	-4.00
	-0.18

	
	
	CCE#3 is punctured
	-1.03
	-0.27
	CCE#3,5,7 are punctured
	-3.67
	0.15

	Case 2-2-2
(w/o interleaver)
	w/o power boost
	No CCE is punctured
	-0.44
	0.32
	REG#45, 46, 47 are punctured
	-3.76
	0.06

	
	
	
	
	
	CCE#7 is punctured
	-3.45
	0.37

	
	w power boost
	
	-2.35
	-1.59
	REG#45, 46, 47 are punctured
	-5.74
	-1.92

	
	
	
	
	
	CCE#7 is punctured
	-5.40
	-1.58



· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Xiaomi’s evaluation results are provided in Table Z in below (as in their contribution).
Table Z LLS simulation results (Required SNR @1% BLER)
	
	Based on existing CORESET#0 configuration table
	Based on new CORESET#0 configuration Table

	
	24 RBs, 3 OS, AL=8
	48 RBs, 3 OS, AL=16
	12 RBs,  3 OS,
	16 RBs, 3 OS
AL=8

	No enhancement for coverage (Option 6)
	-3.43
	-4.74
	-1.497 (AL=4)

	-4.88

	Option 1
(3x  power boosting)
	-8.11
	-9.58
	-5.95 (AL=4)
	-9.61

	Option 2
(non-interleaved mapping)
	-4.71
	-4.74
	-1.497 (AL=4)
	-4.88

	Option 4
	--
	--
	-3.3 (AL=6)
	--

	Reference 
	-8.59 dB (48 RBs, 3 OS, AL=16)



· [bookmark: OLE_LINK30]Nokia evaluation results are provided in Table U in below (as in their contribution).
[bookmark: _Ref118488512]Table U: PDCCH detection loss due to puncturing [dB] @ 1% BLER (compared to aggregation of 8 CCEs) with interleaved CCE mapping. 
	
	CORESET#0 size in frequency

	
	12 RBs
	15 RBs
	18 RBs

	MCL loss [dB]
	2.0
	0.9
	0.7



· Ericsson: The performance difference between the unpunctured legacy 24-PRB CORESET# 0 structure and the punctured 15-PRB CORESET# 0 structure, resulted in ~ 2.7dB for 2-OFDM symbol and ~ 2.1dB for 3-OFDM symbol CORESET# 0 respectively. This was observed assuming the same power per sub-carrier for both non-punctured and punctured CORESET# 0. For a 12-PRB CORESET# 0 structure the performance is additionally impacted (~ 4.42dB for 2-OFDM symbol and ~ 4.16dB for 3-OFDM symbol CORESET# 0 respectively), nonetheless CORESET# 0 is not foreseen to be a bottle-neck channel link budget-wise.
· Qualcomm’s evaluation results are provided in Table V in below (as in their contribution).
Table V: Required SINR for 3-symbol PDCCH detection
(a) AL=8
	AL=8
	Channel estimation
	Required SINR at 1% BLER

	w/o puncturing (baseline)
	Within a REG-bundle
	-4.12dB 

	w/ REG-bundle puncturing (RB index=14, 15)
	Within a REG-bundle
	-3.28dB (+0.84dB)

	w/o puncturing
	Across all REGs
	-4.70dB (-0.58dB)

	w/ RB puncturing 
(RB index=15) 
	Across all REGs
	-4.25dB (-0.13dB)


(b) AL=4
	AL=4
	Channel estimation Precoding
	Required SINR at 1% BLER

	w/o puncturing (baseline)
	Within a REG-bundle
	-0.14dB

	w/ REG-bundle puncturing (RB index=14, 15)
	Within a REG-bundle
	1.57dB (+1.71dB)

	w/o puncturing
	Across all REGs
	-0.25dB (-0.11dB)

	w/ RB puncturing 
(RB index=15) 
	Across all REGs
	0.49dB (+0.63dB)



[bookmark: OLE_LINK3]First round discussion
Based companies’ observations/proposals and the above analysis, following proposals could be considered for discussion.
Proposal 3.3.1-1: For 3MHz channel BW, at least 12PRBs and 15PRBs are supported as the CORESET#0 transmission BW. FFS if other transmission BW(s) is supported. 
	Companies
	Y/N
	Comment

	Qualcomm
	Comment
	For 3MHz ChBW, the RF max transmission BW is 15RBs. So, the tx BW of all channels including CORESET0 cannot be larger than 15RBs. 
FL may misunderstand our proposal for the transmission of new CORESET0 in 3MHz ChBW. We support
· 12RBs for 2symbols 4CCEs
· 12RBs for 3symbols 6CCEs
· 15RBs for 2symbols 5CCEs
· 14RBs for 3symbols (16RBs with 1REG-bundle punctured if wideband precoding is applied) 8CCEs
· or 15RBs for 3symbols (16RBs with 1RB punctured if wideband precoding is applied) 8CCEs
In case of 3symbols, whether the tx BW of CORESET0 is 14RBs (with 7CCEs) or 15RBs (with 7CCEs and one partial CCE) is dependent on REG-level puncturing or RB-level puncturing. 
So we suggest adding a FFS as below.
Proposal 3.3.1-1: For 3MHz channel BW, at least 12PRBs for 2 or 3symbols and 15PRBs for 2symbols are supported as the CORESET#0 transmission BW. 
FFS: 3-symbol CORESET0 has tx BW of 14PRBs if REG-bundle puncturing is applied or 15PRBs if RB puncturing is applied.
FFS if other transmission BW(s) is supported.

	Ericsson
	Y
	A 12-PRB CORESET#0 punctured structure is needed in n100 for the 1st stage of the transition phase, whereas a 15-PRB CORESET#0 punctured structure is needed in n100 for the 2nd stage of the transition phase.
On the other hand, a 15-PRB CORESET#0 punctured structure is what is needed in bands other than n100.
For the use-cases under the umbrella of 3MHz channel bandwidth, the transmissions are to be confined either up to 12-PRBs or up to 15-PRBs, thus it is recommended to remove the “at least” to avoid misunderstandings:
Proposal 3.3.1-1: For 3MHz channel BW, a 12PRBs CORESET#0 punctured structure and a 15PRBs CORESET#0 punctured structure are supported.
 

	FUTUREWEI
	Y
	

	vivo
	Y
	We prefer to remove the FFS. In band n100, 12 PRBs is needed for CORESET#0. But for other bands, to improve the performance and reduce the number of PRBs to be punctured, the maximum transmission bandwidth i.e., 15PRBs for 3MHz channel BW should be used. We support Ericsson’s revision. 

	Spreadtrum
	Y
	

	Nokia, Nokia Shanghai Bell
	Y
	

	DOCOMO
	Y
	We are fine with Qualcomm’s update

	LGE
	Y
	We prefer Ericsson’s revision.

	ZTE
	
	Our understanding is only 15-PRB CORESET#0 is needed for bands other than n100. It may need to further discuss whether to define 12-PRB or 15-PRB or both for n100. We suggest separate proposals for different bands to make it clear.  

	Samsung
	
	We prefer to have commonality among bands. Either 12-PRBs or 15-PRBs (with puncturing as needed) regardless of the band.



Proposal 3.3.1-2: For 5MHz channel BW, at least 20PRBs are supported as the CORESET#0 transmission BW. FFS if other transmission BW(s) is supported. 
	Companies
	Y/N
	Comment

	Qualcomm
	Comment
	For the transmission of new CORESET0 in 5MHz ChBW, we support
· 18RBs for 2symbols 6CCEs
· 20RBs for 3symbols 10CCEs
The CORESET0 tx BW is selected assuming REG-bundle puncturing is applied.
Proposal 3.3.1-2: For 5MHz channel BW, at least 20PRBs for 3symbols are supported as the CORESET#0 transmission BW. 
FFS: 2-symbol CORESET0 has tx BW of 18PRBs if REG-bundle puncturing is applied.
FFS if other transmission BW(s) is supported. 


	Ericsson
	Y
	Under the umbrella of a 5MHz channel bandwidth, the legacy case will be fully re-used (i.e., legacy 20-PRB SSB structure along with a 24-PRB CORESET#0 structure), and one sub-case is to be introduced which re-uses the legacy 20-PRB SSB structure and that only requires introducing a 20-PRB CORESET#0 punctured structure. Having said that, we think the wording “at least” can be removed to avoid misunderstandings. The proposal can be written:
“For 5MHz channel BW, a 20PRBs CORESET#0 punctured structure is supported”

	FUTUREWEI
	Y
	

		vivo
	Y
	We support Ericsson’s revision. 

	Spreadtrum
	Y
	

	Nokia, Nokia Shanghai Bell
	Y
	We support Ericsson’s revision. 

	DOCOMO
	Y
	It should be clarified at first this proposal is for the following case, since we don’t think any enhancement is necessary if the transmission BW is as legacy.
For transmission bandwidths <5 MHz for 5MHz channel BW

	LGE
	Y
	We support Ericsson’s revision.

	ZTE
	N
	For the 5MHz channel bandwidth, RAN plenary only agreed that PBCH transmission bandwidth is 20 PRBs, which is the same as legacy and it does NOT mean only 20 PRBs are available PRBs in 5MHz channel bandwidth. If 24 PRBs are available, at least 24-PRB CORESET#0 should be supported without any spec impacts. 

	Samsung
	N
	Agree with ZTE.



Proposal 3.3.1-3: For CORESET#0 transmission bandwidths less than [or equal to] 24RPBs for 3MHz and 5MHz channel bandwidth, new CORESET#0 configuration table(s) is introduced for CORESET#0 configuration.
	Companies
	Y/N
	Comment

	Qualcomm
	Y
	

	Ericsson
	
	The previous proposals talk about the CORESET#0 punctured structures that are required to be supported for the use-cases under discussion. Thus, we think we should discuss the puncturing patterns for CORESET#0 before we start talking about the CORESET#0 configuration table. Overall, we would be ok with a new CORESET#0 configuration, but is more important to discuss what will lead to the contents of the table than table per-se.

	FUTUREWEI
	Y
	

	vivo
	
	Better to first discuss Proposal 3.3.1-4, Question 3.3.1-1, Proposal 3.3.1-5 etc to know what exact new table is.  

	Nokia, Nokia Shanghai Bell
	Y
	

	DOCOMO
	Y
	

	LGE
	
	As suggested by Ericsson and vivo, we prefer to discuss the minimum CORESET#0 puncturing patterns that are essential with minimum spec impact.

	ZTE
	
	Agree with Ericsson. It’s better to first discuss the details of how to introduce the new table. 

	Samsung
	
	Need further discussion – new tables are not strictly necessary



Proposal 3.3.1-4: If new CORESET#0 configuration table(s) is adopted, down-selecting one option as for the CORESET#0 configuration table design
· Opt.2-1: The table includes a set of PRBs that are less than (or equal to) 24 PRBs. 
· Opt.2-2: The table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used

	Companies
	Preferred option
	Comment

	Qualcomm
	Opt.2-1 but puncturing is needed in some case.
	Comparing the two options, Opt.2-1 will have the CCE-to-REG mapping based on the indicated number of PRBs; but Opt.2-2 will have the CCE-to-REG mapping based on 24PRBs. Further PRB will be punctured to fit into the tx BW if needed.
Note that both will be based on the legacy CORESET CCE-to-REG mapping is specified in 38.211 as: 

If no interleaving (R=1) is applied, Opt.2-1 and Opt2-2 are equivalent if nshift=0.
However, if nshift (equal to cell ID) is not zero, the punctured CCE indexes will be different and Opt.2-2 will have issue that some cells cannot support large AL due to more punctured CCEs with lower indexes.
As illustrated below in case of 3-symbol CORESET0 for 3MHz ChBW, Opt.2-1 with indicated 16RBs will have 8CCEs and 1CCE is punctured; Opt.2-2 with 24RBs will have 12CCEs and 5CCEs are punctured, assuming REG-bundle puncturing. 
- If nshift=0, CCE indexes within the tx BW are same for Opt.2-1 and Opt.2-2; 
- If nshift=1,…11, CCE indexes within the tx BW will be different for Opt.2-1 and Opt.2-2. Opt.2-1 will have non-punctured 7 CCEs with CCE index i=0…7 for all cells but Opt.2-2 will have non-punctured 7 CCEs with CCE index larger than 7, which cannot be used for AL=8 (for AL=8, there will be only one PDCCH candidate with CCE index i=0…7). 
E.g., when nshift=5, Opt.2-2 results in CCE index=0…4 are out of the tx BW and cannot support AL=8. The cell with nshift=5 may have to use the PDCCH candidate with AL=4 using CCE index i=8, 9, 10, 11, which is 4dB worse than that of AL=8 for the cell with nshift=0.
[image: ]

	Ericsson
	Opt.2-2
	We prefer “Opt.2-2” since it is in line with the puncturing approach.

	vivo
	Opt.2-2
	

	Spreadtrum
	Opt.2-2
	

	Nokia, Nokia Shanghai Bell
	Opt. 2-2
	

	DOCOMO
	Opt.2-1
	If new CORESET#0 table is introduced, we don’t think puncturing is necessary since each row can be designed to be fit in the transmission BW.

	LGE
	Opt.2-2
	We prefer Opt.2-2, but this is not limited to the cases where “If new CORESET#0 configuration table(s) is adopted” as the main bullet says. That is, Opt.2-2 also applies to the case where legacy CORESET#0 configuration table is reused. 

	ZTE
	Opt.2-1
	Prefer Opt.2-1 which can avoid partial puncturing of REG bundle and PDCCH interleaving issue. For instance, for 3MHz, the number of PRBs can be configured as 12 (i.e., 4 CCEs) or 15 (i.e., 5 CCEs) for 2-symbol CORESET, as 14 (i.e., 7 CCEs) for 3-symbol CORESET. 

	Samsung
	Opt. 2-1
	



Question 3.3.1-1: If new CORESET#0 configuration table(s) is adopted, do you prefer Opt.1: one table for both 3MHz and 5MHz channel BWs or Opt.2: separate tables for 3MHz and 5MHz channel BW?
	Companies
	Preferred option
	Comment

	Qualcomm
	Opt.1
	One table with max 16 entries is sufficient to support the entries for new CORESET0.

	Ericsson
	Opt.1
	There are more fundamental issues to be sorted out, and this can be seen as a second order discussion, but we tend to think that one table should be enough, so in principle Opt.1.

	FUTUREWEI
	comment
	Opt 1 is the minimum. Opt 2 provides flexibility if more transmission bandwidths (16-19 PRBs => 2.88, 3.06, 3.24, and 3.42 MHz) are considered in the future

	vivo
	Opt.1
	

	Spreadtrum
	Opt.1
	

	Nokia, Nokia Shanghai Bell
	Opt.2
	The two tables will be very similar, but the RB offset and the indication of punctured RBs can be different. Anyhow, the exact tale design can be revisited after agreeing on the basic principles.

	DOCOMO
	Opt.1
	Opt.1 would be enough but this can be discussed after deciding how many rows are necessary for 3MHz and 5MHz channel BWs

	LGE
	
	No strong view on the number of the new CORESET#0 table if introduced. But, we tend to think that we are not seeking full flexibility in this WI. Minimum spec impact is more important in this discussion.

	ZTE
	Opt.2
	Prefer separate tables for better configuration flexibility. 

	Samsung
	
	Can discuss after other proposals.



Proposal 3.3.1-5: If new CORESET#0 configuration table(s) is adopted, for PRB offset for determining CORESET#0 location in frequency domain, select from
· Opt.1: The PRB offset is relative to the first PRB of the PRBs for PSS/SSS transmission
· Opt.2: The PRB offset is relative to the first PRB of the punctured SSB
· Opt.3: The PRB offset is relative to the first PRB of the non-punctured SSB
[bookmark: OLE_LINK42]Note: opt.1 and opt.2 are the same for 12PRB PBCH transmission BW.
	Companies
	Preferred option
	Comment

	Qualcomm
	Opt.2
	

	Ericsson
	Opt.3 
	For the use-cases under the umbrella of 5MHz channel bandwidth, the legacy 20-PRB SSB structure is fully re-used in which there is no need for a specification impact, the behaviour resembles “Opt.3”.
We would prefer to have a common design, where the use-cases under the umbrella of 3MHz channel bandwidth could also follow “Opt.3”.

	FUTUREWEI
	Opt.1 (1st), Opt.2
	Opt.1 is in line with the WID. The PSS/SSS is always transmitted.

	vivo
	Opt.3
	

	Spreadtrum
	Opt.3
	Similar comments as Ericsson.

	Nokia, Nokia Shanghai Bell
	Opt.1 for 3MHz
Opt 3 for 5 MHz
	

	DOCOMO
	
	This can be discussed once PBCH/CORESET#0 BW are decided.

	LGE
	Opt.3
	We think all options work. We prefer to stick to what is described in the spec, which we think is Opt.3. 

	ZTE
	Opt.3
	Opt.3 aligns with legacy definition of the offset and is a common design for all cases as also commented by Ericsson. 

	Samsung
	Opt.3
	



Proposal 3.3.1-6: At least for 3MHz channel BW, non-interleaved CCE to REG mapping is supported for CORESET#0. 
	Companies
	Y/N
	Comment

	Qualcomm
	Y
	

	Ericsson
	N
	We are not in favour of impacting CORESET#0 more than necessary. The only thing that needs to be done on CORESET#0 is applying puncturing on it as to make it fit into the reduced bandwidths.
The WID states “Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization”, Proposal 3.3.1-6 is not in line with it.

	vivo
	Y
	This enh. has the smallest spec impact, but can largely improve the CORESET#0 performance. 

	Nokia, Nokia Shanghai Bell
	Y
	

	DOCOMO
	N
	It CORESET#0 BW is within transmission BW (i.e. no puncturing), we don’t think non-interleaved CCE to REG mapping is necessary.

	LGE
	
	If the CORESET#0 puncturing pattern is based on puncturing of 24PRBs CORESET#0, then we don’t see much value of supporting the non-interleaved CCE to REG mapping. So we think this is a secondary issue that can be discussed once the basic design principle of the new CORESET#0 is determined. 

	ZTE
	N
	Same view as DOCOMO.  

	Samsung
	N
	



[bookmark: OLE_LINK20]CSI-RS/TRS
As specified in legacy, 
· For CSI-RS for L1-RSRP/SINR and CSI acquisition, the UE shall expect that the number of PRBs for CSI-RS fulfils .
· [bookmark: OLE_LINK35]For CSI-RS for RRM measurements, the CSI-RS BW is configurable among {24,48,96,192,264} PRBs.
· For TRS, the bandwidth of CSI-RS is the minimum of 52 and  resource blocks, or is equal to  resource blocks.
For CSI-RS for both 3MHz and 5MHz channel BW, the concern is that if the transmission BW is smaller than the channel BW, e.g., 12PRBs transmission BW for 3MHz channel BW and 20PRBs transmission BW for 5MHz channel BW, and if the BWP size cannot be flexible configured and is same with the channel BW, some of CSI-RS resources fall outside of the transmission BW and cannot be used for CSI-RS transmission.
To handle this issue, two options were discussed in the previous meeting.
	[bookmark: _Hlk135206811]For transmission bandwidths of <5MHz for a 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements, select between,
· Opt.1: no enhancements are needed
· Note: This may require UEs operating on the bands support arbitrary size of BWP between 3MHz to 5MHz.
· Opt.2: introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.


It is clear that if the UEs can support flexibly size BWP, legacy principle could be reused on CSI-RS/TRS size determination and no enhancements are needed for CSI-RS/TRS other than RRM purpose. For example, the UE could be configured with a BWP size same with the transmission BW (which is smaller than the channel BW), in which case the CSI-RS could be transmitted in transmission BW according to current specification. However, in the previous discussion, companies have different understanding on whether current NR UEs supported flexible size BWP (without capability signaling). 
[bookmark: OLE_LINK31]In the contributions submitted in this meeting, ZTE found that during Rel.15 discussion, an incoming LS from RAN4 (see R4-1909883) states that a UE can be configured a BWP with PRBs less than UE CC Bandwidth. 
	[bookmark: OLE_LINK34]RAN4 made the following agreement in R4-1801006 on BWP configuration and requirement applicability.
•	UE can be configured a BWP with small PRBs less than UE CC Bandwidth. 
•	UE RF requirements for DL and UL are applied based on configured UE CC bandwidth even if any BWPs less than configured UE CC bandwidth is configured
•	RAN4 will only apply the requirements according to set of UE CBW.


On the other hand, as indicated by DOCOMO in their contribution, during Rel.16 TEI discussion for TRS bandwidth (see R1-2002461, related contents cited in below), there was no consensus among companies on the support of non-nominal BWP sizes in Rel.15 according to LS in R1-1909900. This is the reason that a UE capability was introduced in Rel.16 to indicate whether to support the TRS with an arbitrary size of BW with 4PRB granularity. Now the situation for CSI-RS/TRS in this WI is very similar with that in the Rel.16 TEI discussion on TRS. 
	As pointed in a RAN1 LS to RAN2/4 (R1-1909900), RAN1 specifications have the flexibility to support any BWP size from 1 PRB to 275 PRBs, although currently Rel-15 does not support BWP sizes smaller than the RBG size or the PRG size. Therefore, we don’t see any problem in RAN1 specifications to support the deployment shown in Figure 1. However, we understand that companies have no consensus on the support of non-nominal BWP sizes in Rel-15 according to the LS (R1-1909900). Therefore, we proposed the following options for companies to discuss to resolve the issues.
· Option #1: All Rel-16 UEs are required to support BWP sizes from 2 to 273 PRBs in FR1 and from 2 to 264 PRBs in FR2
· No new RF requirements for BWP sizes other than RAN4-defined UE channel bandwidths are needed
· Option #2: For Rel-16, TRS bandwidth is given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping when a UE is configured with a carrier bandwidth ≤ 10MHz using 15KHz SCS
· UE reports via capability signalling whether it supports or not


The supporting companies for each option are listed in below, 
· Opt.1: ZTE, DOCOMO (preferred)
· Opt.2: vivo, Ericsson, Qualcomm, DOCOMO (can live with)
Based on these and given that there should be no reason to re-open the discussion on whether current NR supports flexible size BWP without capability signaling, a proposal 3.3.1-1 is provided to pursue the opt.2 to move forward. 
[bookmark: OLE_LINK37]RAN1#112 concluded that study is needed for CSI-RS for RRM measurements.
	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


As specified, for CSI-RS for RRM measurements, the CSI-RS BW is configurable among {24,48,96,192,264} PRBs. Therefore, for both 3MHz channel BW and 5MHz BW with the transmission BW lower than the minimum CSI-RS BW for RRM measurements, some of CSI-RS resources fall outside of the transmission BW. 
To handle this issue, 
· [bookmark: OLE_LINK46]ZTE, Huawei, Hisilicon proposes to support less PRBs than 24PRBs for CSI-RS for RRM, (such as 12/16/20PRBs)
· Huawei further proposes to increase CSI-RS density in either time domain or frequency domain. 
· Nokia, NSB, DOCOMO, Samsung, MediaTek prefer no enhancement are needed for CSI-RS RRM, e.g., perform RRM measurements based on SSBs.
Companies’ views are to be collected in proposal 3.3.1-2 for this issue. 

First round discussion
[bookmark: OLE_LINK45]Proposal 3.3.1-1: For transmission bandwidths of <5MHz for both 3MHz and 5MHz channel bandwidth, for CSI-RS/TRS other than that for RRM measurements, a UE capability is introduced to indicate whether the UE supports flexible size CSI-RS/TRS lower than the channel BW.
· [bookmark: OLE_LINK4]FFS: the supported CSI-RS/TRS bandwidth sizes for 3MHz and 5MHz channel BW
	Companies
	Y/N
	Comment

	MediaTek
	N
	We should respect the previous RAN1 conclusion made at RAN1 #112 that no enhancements are needed for CSI-RS other than for RRM. 

	Qualcomm
	Yes with comment
	We support optional CSI-RS of 12RBs in 3MHz and CSI-RS of 20RBs in 5MHz ChBW. Whether one or separate UE capabilities for reduced CSI-RS BW size in 3MHz ChBW and 5MHz ChBW is up to UE feature discussion.

	Ericsson
	N
	The proposal says, “for CSI-RS/TRS other than that for RRM measurements”, however in RAN1# 112 we concluded the following:
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 


	vivo
	Y
	We think previous conclusion is not related to the UE capability discussion. 

	Nokia, Nokia Shanghai Bell
	N
	For now, we have not identified a clear need for introducing this. 

	DOCOMO
	N for 3MHz CBW
	For 3MHz CBW, RAN1 concluded no enhancement is necessary, as pointed out by some companies.
For 5MHz CBW, we are open to discuss the supported BW as UE capability

	ZTE
	N
	

	Samsung
	N
	



Proposal 3.3.1-2: For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for CSI-RS for RRM measurements, select between,
· Opt.1: Introduce a set of CSI-RS transmission BW for RRM measurements
· Opt.2: No enhancements are needed. The RRM measurement could be rely on e.g., SSBs

	Companies
	Preferred option
	Comment

	MediaTek
	Opt.2
	If Opt.2 is agreed, it is better to have a note saying UE is not expected to be configured with CSI-RS for RRM in these bands. 

	Qualcomm
	Opt.2
	

	Ericsson
	
	We can be ok with Opt.2 if we leave it up to RAN4 to decide (it seems RAN4 has under discussion SSB L1/L3 and CSI-RS L1/L3). Can we then update “Opt.2” as follows:
Opt.2: No enhancements are needed from a RAN1 perspective. CSI-RS for RRM is up to RAN4 to decide.

	vivo
	
	We prefer Ericsson’s revision. 

	Nokia, Nokia Shanghai Bell
	Opt.2.
	

	DOCOMO
	Opt.2
		

	LGE
	Opt.2
	We are basically fine with the suggestion from Ericsson. But we slightly prefer to leave out RAN4 part and share the view from RAN1 perspective. 

	ZTE
	Opt.1
	Opt.1 can be introduced as a UE capability. There is no need to preclude such case especially considering the SSB (including the DMRS sequence of PBCH) are punctured with worse performance. 

	Samsung
	Opt.2
	




[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, Rel.17 FH disabling for Msg4 HARQ-ACK feedback was introduced in Rel.17 RedCap to mitigate PUSCH resource fragmentation. For HARQ-ACK feedback for connected mode, the spec. supports flexible enabling/disabling FH through configuration. 
The concern here is that in case the UEs support only the initial UL BWP with BW same with the channel BW (e.g., 5MHz), when the transmission BW (e.g., 3.6MHz) is less than the channel BW, a PUCCH hop might be fall outside of the transmission BW. Similar with the discussion in CSI-RS/TRS, there is no consensus though on such UE capability. 
Given that, two options are listed in below for PUCCH FH disabling,
· [bookmark: OLE_LINK41]Opt.1: UEs operating on the bands support arbitrary size of initial UL BWP between 3MHz to 5MHz (in which case PUCCH hops are always within the transmission BW), and PUCCH FH is always enabled as in legacy. 
· Opt.2: Disable FH for common PUCCH configuration.
The supporting companies for each option summarized in below
· Opt.1: ZTE, Samsung, MediaTek
· Opt.2: FUTUREWEI, Xiaomi, Nokia, NSB, LG, Ericsson, Apple, Qualcomm
Companies’ views are to be collected in proposal 3.4.1-1. 

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

	MediaTek
	N
	UE is mandatory to support arbitrary BWP sizes. There is no issue with current specifications. No enhancements are needed. 

	Qualcomm
	Comment
	It is only mandatory for UE to support BWPs same as the set of specified channel BW, which does not change since NR Rel15. Therefore, UE is only required to support BWP=25RBs for 5MHz and BWP=15RBs for 3MHz.
For both 3MHz ChBW with tx BW less than BWP=15RBs and 5MHz ChBW with tx BW less than BWP=25RBs, PUCCH msg4 FH should be disabled. 

	Ericsson
	Y
	The 3 MHz channel bandwidth also needs to be included in the proposal. 

	FUTUREWEI
	Y
	Also for <3 MHz bandwidth

	vivo
	Comment
	For 5MHz channel BW, we have same comment as QC.
For 3MHz channel BW, no issue for FH for common PUCCH. But we are open to introduce enabling/disabling FH. 

	Nokia, Nokia Shanghai Bell
	Y
	

	DOCOMO
	
	We can live with this proposal

	LGE
	Opt.2
	We are basically fine with the suggestion from Ericsson. But we slightly prefer to leave out RAN4 part and share the view from RAN1 perspective. 

	ZTE
	N
	Agree with MTK. If no consensus can be made, we may have to leave this to RAN/RAN4 for feedback on the legacy UE behaviour. 

	Samsung
	N
	No need for the proposal



Transmission BW for channels/signals other than PBCH and CORESET#0
[bookmark: OLE_LINK24]In RAN1#112, RAN1 sent an LS to RAN and ask for further guidance of the possible transmission bandwidth for 3MHz and 5MHz channel bandwidths. RAN#99 made notable progress and provided following conclusions in [2]. 
	RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths for the spectrum allocations on the bands of interest in this work item, and concluded the following:
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
Other details (including sync raster details) are to be progressed in the WGs.


For PBCH and CORESET#0, the transmission BW will be discussed separately in section 3.2 and section 3.3. This section 3.1 targets to discuss the transmission BW for the signals/channels other than PBCH and CORESET#0.   
From the submitted contributions, there are following views for the transmission BW for 3MHz and 5MHz channel BW,
· ZTE: For frequency bands with 3MHz and 5MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 15PRBs and 25PRBs, respectively. 
· Qualcomm: For 5MHz channel BW, support the allowed transmission BW=20RBs. And for 3MHz channel BW, support the allowed transmission BW=12RBs/15RBs for band n100 and 15RBs for other bands.
Companies’ views are to be collected based on question 3.1.1-1 and question 3.1.1-2 for transmission BW for 3MHz and 5MHz channel BW for channels/signals other than PBCH and CORESET#0. 
Per FL’s understanding, for the signals/channels other than PBCH and CORESET#0, the transmission BW could be based on gNB scheduling. It seems no need to define transmission BW for other channels/channels (i.e., the transmission BW for these signals depends on gNB scheduling). 

[bookmark: OLE_LINK8]First round discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK7]Question 3.5.1-1: For 3MHz channel BW with maximum transmission BW 15PRBs, from UE point of view, is it necessary to discuss the transmission BW for the channels/signals other than PBCH and CORESET#0? Or any standard impact is foreseen?
	Companies
	Y/N
	Comments

	Qualcomm
	
	Can be deferred after RAN1 achieves common understanding of Tx BW of CORESET0 

	Ericsson
	N
	In principle, we think that the physical channels and signals requested by the WID to be studied are enough “for functional support based on existing design, without optimization”.

	vivo
	Maybe N
	

	Nokia, Nokia Shanghai Bell
	N
	

	DOCOMO
	
	Share the view with Qualcomm

	LGE
	N
	At least not yet.

	ZTE
	
	Except for PBCH and CORESET#0, the following channels/signals also need discussion on the Tx BW. 
1) CSI-RS for RRM as discussed above
2) Non-zero CORESET. The existing CORESET configuration granularity of 6 PRBs, which means the maximum configurable bandwidth of CORESET is 12 PRBs for 3MHz channel BW, though 15 PRBs could be available. The channel bandwidth cannot be fully utilized, thus reducing the PDCCH capacity. Further discussion may be needed depending on the output of CORESET0 design. 
3) Initial BWP. In current spec, the default bandwidth of the initial DL BWP is the same as that of CORESET#0 and cannot be larger than the channel BW. Further discussion may be needed depending on the output of CORESET0 design. 

	Samsung
	N
	



Question 3.5.1-2: For 5MHz channel BW with maximum transmission BW 25PRBs, from UE point of view, is it necessary to discuss the transmission BW for the channels/signals other than PBCH and CORESET#0? Or any standard impact is foreseen?
	Companies
	Y/N
	Comments

	Qualcomm
	
	Can be deferred after RAN1 achieves common understanding of Tx BW of CORESET0

	Ericsson
	N
	Similarly, in principle we think that the physical channels and signals requested by the WID to be studied are enough “for functional support based on existing design, without optimization”.

	vivo
	Maybe N
	

	Nokia, Nokia Shanghai Bell
	N
	

	DOCOMO
	
	Share the view with Qualcomm

	LGE
	N
	At least not yet.

	ZTE
	
	Same comments as for Q-3.5.1-1.

	Samsung
	N
	



Others
0. PRACH
It was concluded in RAN1#111 that no enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. However, Qualcomm observes that for long PRACH format, it would be beneficial to support up to 3 FDMed PRACH occasions within 20PRBs to improve the UL capacity for initial access. Currently only 1/2/4/8 FDMed PRACH occasions are supported.
[bookmark: OLE_LINK13]Question 3.6.1-1: Do you think if it is necessary to introduce 3-FDMed PRACH occasions with 20PRBs?
	Companies
	Y/N
	Comment

	Qualcomm
	Y
	It is just low-hanging fruit without hardware impact and additional overhead of RRC signaling. 

	Ericsson
	N
	We prefer to stick to the conclusion from RAN1# 111.

	vivo
	N
	

	Nokia, Nokia Shanghai Bell
	N
	

	DOCOMO
	N
	The enhancement is nice to have but not necessary, to align with WID

	LGE
	N
	

	ZTE
	N
	

	Samsung
	N
	



0. Early indication & access control
Three contributions discussed early indication & access control
· Huawei proposes to disable legacy UEs from accessing the dedicated spectrum. Two options are proposed 
· Opt.1: introducing new sync. raster to differentiate legacy UEs and dedicated UEs, 
· [bookmark: OLE_LINK10]Opt.2 reusing current filed in MIB (such as subCarrierSpacingCommon) as indication to prevent legacy UEs accessing the dedicated NW. 
· Ericsson proposes that to differentiate 12PRBs and 15PRBs PBCH for 3MHz channel BW (this depends on PBCH transmission BW discussion per FL’s understanding), and to differentiate 5MHz and sub-5MHz (it is somehow similar with preventing legacy UEs accessing the dedicated spectrum per FL’s understanding), two options could be considered,
· Opt.1: rely on new sync. raster design
· Opt.2: reusing current filed in MIB (such as subCarrierSpacingCommon) as the indication
· Qualcomm proposes that early indication in MIB/PBCH is needed to avoid legacy UEs to monitor the CORESET0 in dedicated spectrum. 
· MIB/PBCH indicate reserved kSSB=30 to prevent legacy UEs accessing the dedicated spectrum less than 5MHz
Proposal 3.6.2-1: For 5MHz [and 3MHz] channel BW, if new sync. raster can be specified by RAN4, RAN1 does not need to develop mechanisms to prevent legacy UEs accessing the dedicated spectrum. Otherwise, mechanisms such as reusing current field in MIB to prevent legacy UEs can be studied.
	Companies
	Y/N
	Comment

	Qualcomm
	
	Even if the new sync raster point(s) separate from the legacy sync rasters are defined for less than 5MHz, legacy UEs may detect the SSB with 20RBs or 12RBs in the dedicated spectrum, e.g., if the legacy UEs with high frequency offset  during initial access (e.g., +/-20ppm or more). If the legacy UEs can further detect SIB1 and send PRACH to access the dedicated spectrum, it is harmful to the system also waste the power/time of legacy UEs. Therefore, early indication in MIB/PBCH is needed to avoid legacy UEs to accessing the dedicated spectrum.  

	Ericsson
	
	We can be ok with suggestion of “Proposal 3.6.2-1,” but there are no more TUs left if in the end a mechanism is needed, thus we are open to have discussion around it.

	vivo
	
	We share Ericsson’s views about the tight time budget. In addition, in our view, this topic is more relevant to RAN2’s expertise. 

	Nokia, Nokia Shanghai Bell
	
	We are ok with the proposal. If RAN4 based on the synch raster design still identifies issues regarding legacy UEs, we may discuss related prevention mechanisms as part of maintenance. 

	DOCOMO
	
	In our understanding, the note in the following WA also precludes the optimization of PBCH payload / MIB contents. So, basically we think new sync raster is enough, but open to optimize the PBCH payload / MIB contents if RAN1 finds any necessity to revise the WA

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

	LGE
	
	We are okay with the proposal.

	ZTE
	N
	If companies really want to address the camping from legacy UEs, we have to revise the WA according to the note in the WA, instead of adopting other solutions. 

	Samsung
	N
	A new sync raster and NW implementation are enough



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

	
	

	
	

	
	

	
	




Proposals for offline discussion

PBCH:

Proposal 4-1: Confirm following RAN1#112 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
Support: MediaTek, Qualcomm, Ericsson, FUTUREWEI, vivo, Spreadtrum, Nokia, NSB, DOCOMO, LGE, Lenovo, Rakuten, Samsung
NOT support: ZTE




Proposal 4-2: For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are [punctured] or [not used].
Support: MediaTek, Qualcomm, Ericsson, FUTUREWEI, vivo, Spreadtrum, Nokia, NSB, DOCOMO, LGE, ZTE
NOT support:


Proposal 4-3: For PBCH transmission BW for 3MHz channel bandwidth for the bands other than band n100, the PBCH transmission BW is [12]/[15] PRBs. 
Note: for 15PRBs PBCH transmission BW, only one puncturing pattern will be defined for all the bands other than n100 with 3MHz channel BW.
12PRBs: MediaTek, Qualcomm, Nokia, NSB, DOCOMO, Lenovo, Rakuten, Samsung, Apple
15PRBs: Ericsson, FUTUERWEI, vivo, Spreadtrum, LGE, ZTE

Below observations are aligned among companies for the pros./cons. of Opt.1: single 12PRBs PBCH Tx BW for all bands and Opt.2: 12PRBs PBCH Tx BW for band n100 and 15PRBs for others. 
· More standard efforts for Opt.2?
· puncturing pattern(s) design
· RAN4 standard impact on RRM requirement and PBCH demodulation. 
· More implementation efforts of Opt.2 ?
· Better PBCH detection performance of Opt.2 leading to potential shorter latency on PBCH detection?
· More Testing efforts?

As a short summary, companies could have aligned understanding that opt.2 has better PBCH detection performance at the cost of additional standard efforts and additional implementation efforts, but companies have different understanding on how much efforts opt.2 would have..


CORESET#0: 
[bookmark: OLE_LINK6]Proposal 4-4: For CORESET#0 transmission bandwidths less than [or equal to] 24RPBs for 3MHz [and 5MHz channel bandwidth], new CORESET#0 configuration table(s) is introduced for CORESET#0 configuration with one option to be selected
· Opt.2-1: The table includes a set of PRBs that are less than (or equal to) 24 PRBs. 
· Opt.2-2: The table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used

Opt.2-1: Qualcomm, DOCOMO, ZTE
Opt.2-2: Ericsson, vivo, Spreadtrum, Nokia, NSB,  LGE

Proposal 4-5: For 3MHz channel BW, at least 12PRBs and 15PRBs are supported as the CORESET#0 transmission BW. FFS if other transmission BW(s) is supported.

Proposals for online discussion

Proposal 5-1 (supported by Ericsson, Qualcomm, Nokia, FUTUREWEI, DOCOMO, Lenovo, MediaTek, Anterix, ZTE, [Huawei], LG, Rakuten, Samsung):
1. For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
0. PBCH transmission bandwidth is 12 PRBs
0. For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
1. 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.
1. In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
1. Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
0. Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
1. A single table of up to 16 entries to accommodate both cases
2. Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
2. SSB and CORESET#0 multiplexing pattern 1 is used
1. REG bundle size = 6

Proposal 5-2: 
1. For band n100 with the 5MHz channel bandwidth:
1. For CORESET#0 transmission bandwidth, 20PRBs are supported from puncturing the 𝑁RB CORESET = 24 CORESET#0 with interleaved CCE to REG mapping (R=2)
1. REG bundle size = 6

Proposal 5-3: 
Confirm following RAN1#112 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

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

	FUTUREWEI
	Proposal 1: Support 15-RB PBCH transmission band for a 3 MHz channel
FFS details on puncturing pattern
Proposal 2. Confirm working assumption unless simulation results show large differences with puncturing
Observation 1. Table 13-1 of 38.213 has only 2 entries with a 0 RB offset and the number of symbols for a 24-RB CORESET#0 is either 2 or 3
Observation 2. The existing table does not indicate whether a 20 RB CORESET#0 is to be used 
Proposal 3: To determine the first RB of the transmission bandwidth for a 3 MHz channel, support offsets of 0 to 3 from the first RB of the PSS/SSS.
Proposal 4: For 3 MHz channels, define a multiplexing pattern based on the transmitted RBs of the SSB, e.g., for multiplexing pattern 1a, the PSS/SSS portion of the SS/PBCH block is within the span of CORESET#0. 
Proposal 5: For the less than 5 MHz channels, select Opt. 2 “A new CORESET#0 configuration table is to be introduced”
Proposal 6. Continue examining the options for CORESET#0 and understand its impact to the connected state.
Proposal 7: Support the disabling of frequency hopping for PUCCH for both idle and connected states.

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

Observation 2: For CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER, 
2-1: When interleaved CCE-to-REG mapping is used, 
For AL=4, there is 1.72dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.27dB SINR improvement.
For AL=4, there is 0.65dB SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 1.32dB SINR improvement.
For AL=8, there is 2.14dB SINR loss for PDCCH with puncturing of 3 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.15dB.
For AL=8 there is 1.76dB SINR loss for PDCCH with puncturing of partial (2.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.18dB SINR improvement.
2-2: When Non-interleaved CCE-to-REG mapping is used, 
For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is small, ~0.32dB. With power boosting, the SINR can be 1.59dB better than the PDCCH with interleaved CCE-to-REG mapping.
For AL=8, there is small, ~0.37dB SINR loss for PDCCH with puncturing of 1 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR can be improved 1.58dB better than the PDCCH without puncturing.
For AL=8, the SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing is marginal, ~0.06dB. With power boosting, the SINR can be improved 1.92dB better than the PDCCH without puncturing.

Proposals
Proposal 1: For the 3MHz channel bandwidth in the bands other than the band n100, PBCH transmission bandwidth is 15 PRBs.
Proposal 2: Only one puncturing pattern for PBCH transmission bandwidth using 15 PRBs should be defined for bands other than band n100 to reduce UE’s blind detection.
Proposal 3: Confirm following 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
Proposal 4: For 3MHz channel bandwidth, 
for bands other than band n100, the number of PRBs usable for CORESET#0 is 15 PRBs. 
for band n100, the number of PRBs usable for CORESET#0 can be either 12 PRBs or 15 PRBs.
Proposal 5: For 5MHz channel bandwidth, the number of PRBs usable for CORESET#0 is 20 PRBs.
Proposal 6: Reuse legacy definition for kSSB and “Offset (RBs)” to determine the nominal starting PRB for CORESET#0, the actual starting PRB for CORESET#0 is determined based on the nominal starting PRB for CORESET#0 and the location of actual SSB transmission. 
Proposal 7: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, Opt.1 is selected.
Opt.1: existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration 
Proposal 8: For bandwidth < 5MHz, in case the partial CCE is available, further discuss is needed on whether to puncture one integral CCE or the partial CCE. 
FFS UE behavior for channel estimation in case partial CCE is punctured. 
Proposal 9: If PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth is needed, following options should be supported:
Opt.1: Power boosting 
Opt.2: Non-interleaved CCE-to-REG mapping
Proposal 10: For 3MHz channel bandwidth, the FH for common PUCCH for MSG4 HARQ-ACK feedback is always enabled, same as in legacy.
Proposal 11: 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. 
Proposal 12:  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 5MHz. 


	Spreadtrum
	Proposal 1: For the bands (except n100) with 3MHz channel bandwidth, the PBCH transmission bandwidth is 15 PRBs.
Proposal 2: Confirm the following 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
Proposal 3: For 12PRBs transmission bandwidth, 4 PRBs from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured.
Proposal 4: For 15PRBs transmission bandwidth, one fixed puncturing pattern is selected for all bands.
Proposal 5: For 15PRBs transmission bandwidth, puncturing pattern is to be down-select from the following options:
4 PRBs from the top and 1 PRB from bottom of the legacy 20 PRBs-PBCH are punctured.
1 PRB from the top and 4 PRBs from bottom of the legacy 20 PRBs-PBCH are punctured.
Proposal 6: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that the max. transmission BW is less than 24PRBs, legacy CORESET configuration table is reused.


	ZTE
	Transmission bandwidth
Proposal 1: For frequency bands with 3 MHz channel bandwidth other than band n100, the PBCH transmission bandwidth is 15 PRBs.
Proposal 2: For frequency bands with 3 MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 15 PRBs.
Proposal 3: For frequency bands with 5 MHz channel bandwidth, the transmission bandwidth for channels/signals other than PBCH is 25 PRBs as legacy.
PBCH reception
Observation 1: The performance degradation for about 2.7 dB and 5.4 dB will be caused by PBCH puncturing with 5 PRBs and 8 PRBs, respectively.
Observation 2: Comparing with PBCH puncturing, the performance gain for about 1.6 dB and 4.0 dB can be got by PBCH remapping with 15 PRBs and 12 PRBs, respectively. 
Observation 3: Comparing with PBCH puncturing, PBCH remapping does NOT require additional optimization to avoid legacy UEs to camp on the dedicated spectrum. 
Proposal 4: For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRBs, do NOT confirm the WA and adopt the following scheme. 
•	PBCH remapping (i.e., PBCH encoding is based on 20 PRBs. The encoded bits and DMRS are only mapped to the available PRBs for PBCH transmission.)
PDCCH decoding
Observation 4: If legacy CORESET configuration table is reused, at least the following issues should be further discussed, 
How to indicate the available PRBs for PDCCH transmission?
How to transmit PDCCH in the available resources of CORESET#0?
whether to support partial CCE
whether to support non-interleaved CCE-to-REG mapping for CORESET#0
whether to introduce new aggregation level
Observation 5: If a new CORESET#0 configuration table with less than 24 PRBs is to be introduced for the configuration, less specification impact can be expected. 
Proposal 5: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that available PRBs for CORESET#0 is less than 24PRBs, a new CORESET#0 configuration table with a set of PRBs that are less than (or equal to) 24 PRBs is to be introduced.
Notes:
16 entries are included in the table, possibly with reserved entries.
Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
SSB and CORESET#0 multiplexing pattern 1 is used.
The offset with a negative value can be introduced into the configuration table. 
Observation 6: Following the existing CORESET configuration granularity of 6 PRBs, the maximum configurable bandwidth of CORESET is 12 PRBs. The channel bandwidth cannot be fully utilized, thus reducing the capacity and flexibility of PDCCH transmission resource selection.
Proposal 6: New granularity, e.g., 3 PRBs, for CORESET bandwidth configuration should be supported for making full use of channel bandwidth resources under dedicated spectrum less than 5MHz.
Definition of initial DL BWP
Proposal 7: The following definition of initial DL BWP can be considered if the bandwidth of CORESET#0 is larger than system bandwidth, 
The default bandwidth of the initial DL BWP can be defined as a bandwidth smaller than CORESET#0, e.g., equals to the system bandwidth.
The bandwidth of the initial DL BWP can be reconfigured via SIB1 with a bandwidth smaller than that of CORESET#0.
CSI-RS for RRM
Proposal 8: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20.
Observation 7: 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
Observation 8: This is an unnecessary optimization for gNB to disable the PUCCH FH function. 


	Huawei, Hisilicon
	Proposal 1: For 3MHz channel bandwidth in band n100, the PBCH pattern is legacy NR 20-PRB PBCH with upper 4 PRBs and lower 4 PRBs punctured.
Proposal 2: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28 and n56), the PBCH transmission bandwidth is 15RBs.
Proposal 3: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28 and n56), the candidate PBCH pattern is subset or all of the followings.
legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
legacy NR 20-PRB PBCH with upper 3RB and lower 2RB puncturing punctured
legacy NR 20-PRB PBCH with upper 2RB and lower 3RB puncturing punctured
legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
Proposal 4: Send a LS to RAN4 to ask if it is feasible to support only subset of the four patterns and ensure flexible network deployment with 3MHz channel bandwidth in other bands (n106, n26, n28 and n56) with the sync raster being developed.
Proposal 5: For 3MHz channel bandwidth in band n100, the CORESET#0 bandwidth is 12 PRBs.
Proposal 6: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28, and n56), the CORESET#0 bandwidth is 15 PRBs.
Proposal 7: For 5MHz channel bandwidth in band n100 and other bands (i.e. n106, n26, n28, and n56), only CORESET#0 bandwidth with 24 PRBs is supported.
Proposal 8: The CORESET0 offset is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest RB index of the common RB overlapping with the first RB of the corresponding un-punctured SS/PBCH block.
Proposal 9: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, the following option can be considered, 
Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Finer offset values should be introduced in this table. 
The additional offset values could be 1 or 3.
Proposal 10: For 3MHz channel bandwidth, the location and bandwidth keep CORESET#0 before reception of RRCSetup/RRCResume/RRCReestablishment.
Proposal 11:  For transmission bandwidth of <5MHz for 3MHz channel bandwidth, for CSI-RS for RRM measurement, PRBs number less than 24 RBs with increasing frequency domain or time domain density are supported.
Proposal 12:  Disabling legacy UE access for transmission bandwidths of <5 MHz can be supported, and the following options could be considered:
option 1: introduce new sync rasters to differentiate legacy UE and dedicated UE, and the details are up to RAN4.
option 2: reuse current field in MIB as indication to prevent legacy UE accessing the dedicated NW, such as subCarrierSpacingCommon.


	Xiaomi
	Observation 1: Compared with the PDCCH with 16 CCEs, more than 4.5 dB coverage loss is observed no matter based on existing CORESET#0 configuration table or based on new CORESET#0 configuration 
Observation 2: From the perspective of coverage, using existing CORESET#0 and using new CORESET#0 configuration achieve similar performance. 
Observation 3: If using existing CORESET#0 configuration, significant specification impact is observed 

Proposal 1: Before decide whether coverage recovery is needed for PDCCH, discuss the coverage target to be achieved first
Proposal 2: If new CORESET#0 configuration is supported, consider the configurations which make full use of spectrum resource. And the existing CORESET#0 requirement (e.g., the number of PRBs for CORESET should be integer multiples of 6) is not necessary to follow 
Proposal 3: Support new CORESET#0 configuration 
Proposal 4: the PBCH transmission bandwidth is 15 PRBs for frequency bands with 3 MHz channel bandwidth other than band n100
Proposal 5: Only consider one puncturing pattern for 15PRBs PBCH transmission bandwidth
Proposal 6: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP  


	Lenovo
	Observation 1: The 12PRBs PBCH transmission BW includes PSS/SSS REs and the guard REs around PSS/SSS.
Proposal 1: For 3MHz channel bandwidth of all the bands of interest, the PBCH transmission bandwidth is 12PRBs. 
Proposal 2: Following working assumption is confirmed,
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
Proposal 3: Support at least 12/15 PRBs as the CORESET#0 transmission BWs for 3MHz channel BW and 20PRBs as the CORESET#0 transmission BW for 5MHz channel BW. More transmission BWs can be considered for gradual migration from GSM-R to NR based FRMCS.
Proposal 4: One single CORESET#0 configuration table is introduced for the interested bands to support CORESET#0 configuration for both 3MHz channel BW and 5MHz channel BW. 
Proposal 5: For the CORESET#0 configuration table for 3MHz and 5MHz channel BW, two options could be considered, 
Option 1: Each index in the CORESET#0 configuration table indicates a CORESET#0 transmission BW (PRBs).
Option 2: Each index in the CORESET#0 configuration table indicates the number of punctured PRBs (or non-punctured) PRBs of 24PRBs legacy CORESET#0.
Observation 2: The REG (and REG bundle) definition is different for CORESET#0 configured based on different options,
For CORESET#0 configured based configuration table option 1, REGs (and REG bundles) are defined on the configured CORESET#0 transmission BW. 
For CORESET#0 configured based on configuration table option 2, the REGs (and REG bundles) are defined on the legacy 24PRBs non-punctured CORESET#0.
Observation 3: The supported ALs and the CCEs of each PDCCH candidate of each aggregation level are different for different options.
For CORESET#0 configured based on configuration table option 1, only AL=4 is supported for 12/15PRBs with 3 symbols. 
For CORESET#0 configured based on configuration table option 2, AL=4 and AL=8 could be supported but some of the CCEs of a PDCCH candidate might be punctured.
Observation 4: To enhance PDCCH detection performance, 
For CORESET#0 based on configuration table option 1, new aggregation levels such as AL=6/7 could be introduced.
For CORESET#0 based on configuration table option 2, new aggregation levels are not needed but should consider how to reduce the number of punctured CCEs.
Proposal 6: It is not expected to introduce more than 3 OFDM symbols for CORESET#0 of the interest bands for 3MHz channel BW and 5MHz channel BW. 
Observation 5: For CORESET#0 configured based on configuration table option 2, the REGs/CCEs that need to be punctured depends on the offset between the non-punctured SSB and the non-punctured CORESET#0. 
Observation 6: For CORESET#0 configured based on configuration table option 2, the REGs/CCEs that need to be punctured depends also on the cell ID. Different cells may have different set of punctured CCEs.
Proposal 7: If CORESET#0 configuration table option 2 is adopted, study how to reduce the number of punctured CCEs for different cells.


	Nokia, NSB
	SSB transmission
Observation 1: 15-RB PBCH is an optimisation that is not strictly a necessary change for functional support. 
Proposal 1: PBCH transmission bandwidth is 12 PRBs for the 3 MHz channel BW on all bands of interest. 
Proposal 2: Confirm the RAN1#112 working assumption: 
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that the number of available PRBs for PBCH transmission is less than 20PRB, 
PBCH is 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 the available PRBs for PBCH transmission are punctured)
Note: No other optimization is needed
Proposal 3: The lowest 4 RBs and the highest 4 RBs of PBCH are punctured for 12-RB PBCH.
Observation 2: Determination of the puncturing pattern applied for the SSB transmission can be based on the detected synch raster point (new synch raster point). 
PDCCH
Proposal 4: Keep CORESET#0 aligned at the CCE level with the non-punctured RBs of the SSB
Proposal 5: Introduce two new tables, one for cases with 3MHz CBW, another for 5MHz CBW on band n100.
Proposal 6: The new CORESET#0 configuration table indicates the puncturing pattern for Type0-PDCCH with =24. 
Proposal 7: Define Offset (RB) in the following way:
3MHz CBW: Offset (RB) is relative to the first RB of the RB of the RBs for PSS/SSS transmission
5MHz CBW: Offset (RB) follows the legacy operation
Proposal 8: Support non-interleaved CCE-to-REG mapping for scenario with 3MHz CBW  
Proposal 9: Adopt the table shown in Figure 3 for scenarios with 3 MHz CBW.
Proposal 10: Adopt the table shown in Figure 5 for scenarios with 5 MHz CBW on band n100.
Observation 3: Puncturing an 8-CCE PDCCH down to 5 CCEs (i.e., 15 RBs) and to 4 CCEs (i.e. 12 RBs) will cause a 0.9 dB loss and 2.0 dB loss, respectively, in MCL when compared to the non-punctured case in case of 2-symbol CORESET.
Proposal 11: To minimize the loss due to PDCCH puncturing, UE should know the punctured RBs in advance. 
Observation 4: Interleaved CCE mapping limits the number of CCEs available for a single PDCCH as well as the number of PDCCHs that can be multiplexed on the CORESET#0 without extensive puncturing. 
Observation 5: PDCCH puncturing is unavoidable with 3MHz channel bandwidth. 
Proposal 12: Support non-interleaved CCE mapping for CORESET#0 in 3MHz CBW scenarios. 
Proposal 13: Support PDCCH puncturing with RB resolution for CORESET#0 in NR<5MHz scenarios
Proposal 14: The following mechanisms were discussed to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth.   
Opt.1 (Power boosting): Support, no standard impacts.  
Opt.2 (Non-interleaved CCE-to-REG mapping): Support for 3MHz CBW scenario.
Opt.3 (A new interleaver to ensure PDCCH is fully mapped in the spectrum): Don’t support.
Opt.4: (New aggregation level(s) for fit in the spectrum): Don’t support.
Opt.5: (PDCCH rate matching): Don’t support.
Other channels and signals
Proposal 15: Possibility to disable by network configuration FH on PUCCHs that are used before UE specific PUCCH configuration is supported. 
Observation 6: CSI-RS for RRM is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size. 
Observation 7: Mobility/RRM measurements can be, and typically are, performed based on the SSBs (SS-RSRP measurements) without explicitly configured CSI-RS for RRM.
Proposal 16: Mobility/RRM measurements based on CSI-RS are not supported for below 5 MHz NR bandwidths.
Observation 8: No changes are required to CSI-RS for RRM to support below 5 MHz NR bandwidths.


	LG
	Proposal 1:	RAN1 assumes that the new finer sync raster is supported and dedicated to Rel-18 UEs supporting dedicated spectrum less than 5 MHz.
Proposal 2: For the PBCH transmission bandwidth, down-select one from the following alternatives:
Alt.1	PBCH transmission bandwidth is 12 PRBs for all bands with 3 MHz channel bandwidth (already agreed for band n100)
Alt.2	PBCH transmission bandwidth is 12 PRBs in band n100, and 15 PRBs for all other bands with 3 MHz channel bandwidth (PBCH bandwidth is fixed per band)
Alt.3	PBCH transmission bandwidth is initially assumed to be 12 PRBs for all bands with 3 MHz channel bandwidth, and 15 PRBs can also be supported with broadcast signaling
Proposal 3: For PBCH transmission bandwidth of 15 PRBs, the subset of PRBs of 20-PRB PBCH is down-selected from the following alternatives:
Alt.1	PSS/SSS + lower 3 PRBs
Alt.2	PSS/SSS + lower 2 PRBs and higher 1 PRBs
Proposal 4: Puncturing is supported for transmission of the subset of PRBs of 20-PRB PBCH
Confirm the WA made in RAN1#112 meeting on supporting RB-level puncturing for PBCH transmission
Proposal 5: Support the following technique to recover PBCH detection performance for dedicated spectrum less than 5 MHz 
Power boosting (Opt.1)
Proposal 6: For CORESET#0 configuration for the dedicated spectrum less than 5 MHz,
existing CORESET#0 configuration table for 15kHz SCS and 5 MHz minimum channel bandwidth (Table 13-1 in TS38.213) is reused
if needed, some of the parameters, e.g., Offset (RBs), composing the CORESET#0 table can be signaled via broadcast signaling in PBCH
Proposal 7: Support the following technique to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz
Power boosting (Opt.1)
Proposal 8: Before SIB1 configuration of initial DL BWP, support that UE assume the max TX BW or the PBCH BW as the initial DL BWP for dedication spectrum less than 5 MHz
Proposal 9: 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

	Ericsson
	Observation 1	As part of the WI on “LessThan5MHzFR1,” a new channel bandwidth of 3MHz was defined, whereas sub-3MHz and sub-5MHz use-cases will also be supported through confining UL and DL transmissions within and without fully utilizing the maximum transmission bandwidths of the nominal channel bandwidths for 3MHz and 5MHz respectively.
Observation 2	From a 20-PRB SSB legacy structure, the possible ways of applying an “RB-level puncturing” as to obtain a 15-PRB SSB structure and a 12-PRB SSB structure are as follows:
•	The 15-PRB SSB structure can be obtained from puncturing: a) 4 RBs from top & 1 RB from bottom, b) 1 RB from top & 4 RBs from bottom, c) 3 RBs from top & 2 RBs from bottom, or d) 2 RBs from top & 3 RBs from bottom.
•	The 12-PRB SSB structure can be obtained from puncturing 4 RBs from top & 4 RBs from bottom.
Observation 3	Based on the previous observation and aiming for commonality in the puncturing design, the puncturing alternatives that in common (i.e., for 12-PRB and 15-PRB SSB) include puncturing 4RBs are the ones to be further considered:
•	The 15-PRB SSB structure can be obtained from puncturing: a) 4 RBs from top & 1 RB from bottom, b) 1 RB from top & 4 RBs from bottom.
•	The 12-PRB SSB structure can be obtained from puncturing 4 RBs from top & 4 RB from bottom.
Observation 4	The performance difference between a punctured and a non-punctured SSB was found to be small (~1.75dB and ~3.6dB @ 1% BLER when 15-PRBs and 12-PRBs are respectively kept unpunctured). Moreover, SSB is not foreseen to be a bottle-neck channel link budget-wise.
Observation 5	The performance difference was observed assuming the same power per sub-carrier for both the non-punctured and punctured PBCH. The performance difference was small even without using yet any compensation technique (e.g., power boosting).
Observation 6	In legacy specification “subcarrier 0 of the first resource block of the SS/PBCH block” is used as reference point. For 3MHz channel BW, the question is whether such a reference point will continue being counted with respect to the legacy 20-PRB SSB structure or with respect to the punctured SSB structures.
Observation 7	In our view, due to that PSS/SSS are expected to be centered with respect to each candidate sync-raster (i.e., sync-raster candidate is mapped onto = 120 of SS/PBCH block), and due to that the legacy 20-PRB SSB structure as described in Table 7.4.3.1-1 in TS 38.211 is used as a reference to apply the puncturing, then “subcarrier 0 of the first resource block of the SS/PBCH block” can continue being counted with respect to the legacy 20-PRB SSB structure which will minimize the specification impacts, and will bring commonality with the 5MHz channel BW case which uses a 20-PRB SSB structure for both the legacy use-case and its sub-case.
Observation 8	The performance difference between the unpunctured legacy 24-PRB CORESET# 0 structure and the punctured 15-PRB CORESET# 0 structure, resulted in ~ 2.7dB for 2-OFDM symbol and ~ 2.1dB for 3-OFDM symbol CORESET# 0 respectively. This was observed assuming the same power per sub-carrier for both non-punctured and punctured CORESET# 0. For a 12-PRB CORESET# 0 structure the performance is additionally impacted (~ 4.42dB for 2-OFDM symbol and ~ 4.16dB for 3-OFDM symbol CORESET# 0 respectively), nonetheless CORESET# 0 is not foreseen to be a bottle-neck channel link budget-wise.
Observation 9	The “RAN LS reply to RAN1” mentions “For the 5MHz channel bandwidth: o PBCH transmission bandwidth is 20 PRBs, o CORESET#0 transmission bandwidth is to be decided by RAN1” [5]. Based on the received LS reply, for a 5MHz channel Bandwidth the legacy 20-PRB SSB structure will be fully re-used and only CORESET# 0 needs to be punctured.
Observation 10	For the Rel-18 WI on “LessThan5MHz,” a sub-5MHz use-case will be supported where PHY-channel transmissions will be confined into 20-PRBs. On this matter, whereas the legacy 20-PRB SSB structure can be fully re-used, CORESET# 0 needs to be punctured to fit into 20-PRBs.
Observation 11	For CSI-RS, the smallest configurable number of RBs is 24. Moreover, the technical specification states that “Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP”.
Observation 12	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 13	Given the conclusion and agreement on PRACH to operate on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, no other clarification or follow-up touching upon PRACH is foreseen to be needed.
Observation 14	It is important to mention that if both the location and number of PRBs to be punctured from the 20-PRBs SSB structure were invariant, then such a fully deterministic scheme won’t require an “early indication”. Nonetheless, now that more use-cases are to be supported under the scope of “LessThan5MHzFR1,” the UE will need to distinguish between the following use-cases:
•	3MHz and sub-3MHz: The UE will need to distinguish whether it is dealing with a 15-PRB SSB structure or a 12-PRB SSB structure. To avoid having to introduce an early indication impacting e.g., PSS/SSS, it can be left up to the sync-raster design to distinguish between the 3MHz and sub-3MHz use-cases, and one field in MIB can be used as a confirmation to the UE indicating whether transmission/reception will span up to 15-PRBs or up to 12-PRBs.
•	5MHz and sub-5MHz: In this case, both the 5MHz and sub-5MHz use-cases make use of a 20-PRB SSB structure, it can be left up to the sync-raster design to distinguish between the 5MHz and sub-5MHz use-cases, or one field in MIB can be used to indicate whether transmission/reception will span up to 25-PRBs or up to 20-PRBs.
Observation 15	In our view, the use-case intended to be addressed in n100 will require in a 1st stage-transition supporting “a 12-PRB SSB structure along with a 12-PRB CORESET#0 structure,” whereas in a 2nd stage-transition will require supporting “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”. On the other hand, the use-cases in bands other than n100 are foreseen to require supporting “a 15-PRB SSB structure along with 15-PRB CORESET structure”.
Observation 16	If puncturing structures corresponding to a 12-PRB SSB structure, a 12-PRB CORESET#0 structure, a 15-PRB SSB structure, and a 15-PRB CORESET#0 structure were to be supported, then the pairs of punctured structures “12-PRB SSB structure along with 12-PRB CORESET#0 structure” and “15-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in n100, whereas the pair of punctured structures “15-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in other bands.
Observation 17	If only a 12-PRB SSB structure were supported, then a 12-PRB CORESET#0 structure and 15-PRB CORESET#0 structure should be supported. The pairs of punctured structures “12-PRB SSB structure along with 12-PRB CORESET#0 structure” and “12-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in n100, whereas the pair of punctured structures “12-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in other bands.
Observation 18	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 19	There might still be RRC impacts due to the support of Lessthan5MHz operation, however, any input on the “Rel-18 Higher layers parameter list” will depend on agreements yet to be made in RAN1# 113 (e.g., touching upon MIB, and others minor ones that may arise related with for example Frequency Hopping).

Proposal 1	RAN1 to confirm the following Working Assumption from RAN1# 112:
Proposal 2	For 3MHz channel BW, the legacy 20-PRB SSB structure is punctured as to produce a 15-PRB SSB structure and a 12-PRB SSB structure respectively. The detailed puncturing designs are to be discussed separately.
Proposal 3	For 3MHz channel BW, “4 RBs from top & 1 RB from bottom” are punctured with respect to the legacy 20-PRB SSB structure as to produce a 15-PRB SSB structure.
•	Note: The details on how to capture the puncturing into the specs can be done at a later stage when agreements are mapped to the specification (See in Annex C an example minimizing the specification impact).
Proposal 4	For 3MHz channel BW, “4 RBs from top & 4 RBs from bottom” are punctured with respect to the legacy 20-PRB SSB structure as to produce a 12-PRB SSB structure.
•	Note: The details on how to capture the puncturing into the specs can be done at a later stage when agreements are mapped to the specification (See in Annex C an example minimizing the specification impact).
Proposal 5	For 3MHz channel BW, SSB recovery techniques impacting the technical specification are not introduced/supported.
Proposal 6	For 3MHz channel BW, the legacy reference point remains unmodified and “subcarrier 0 of the first resource block of the SS/PBCH block” continues being counted with respect to the legacy 20-PRB SSB since such a structure is anyway used as a reference to apply the puncturing. This way, all cases/sub-cases under 3MHz and 5MHz CBWs will use the same common reference.
Proposal 7	For 3MHz channel BW, a PRB-level puncturing is applied with respect to the minimum available legacy CORESET# 0’s configuration which is equal to 24-PRBs.
•	KSSB = 0, such as the n-th Common Resource Block (CRB) in the “Common Resource Block grid” is PRB-level aligned with the reference SSB structure, which in turn sets the location of CORESET# 0 using “Offset (RBs)”.
Proposal 8	For a 3MHz channel BW using a 15-PRB CORESET# 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET 0 derived from using all applicable Offset RBs:
•	Alt-1: Single RB-level puncturing pattern for CORESET 0 equally applicable for 2 and 3 OFDMA symbols:
o	The legacy 24-PRB CORESET 0 structure punctures “1 RB from bottom & 8 RBs from top” to produce a 15-PRB CORESET# 0 structure. Only “Offset = 0” is used.
•	Alt-2: Three RB-level puncturing patterns for CORESET 0 equally applicable for 2 and 3 OFDMA symbols:
o	Offset RBs = 0, The legacy 24-PRB CORESET 0 structure punctures “1 RB from bottom & 8 RBs from top” to produce a 15-PRB CORESET# 0 structure.
o	Offset RBs = 2, The legacy 24-PRB CORESET 0 structure punctures “3 RBs from bottom & 6 RBs from top” to produce a 15-PRB CORESET# 0 structure.
o	Offset RBs = 4, The legacy 24-PRB CORESET 0 structure punctures “5 RBs from bottom & 4 RBs from top” to produce a 15-PRB CORESET# 0 structure.
•	Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET#0 into the specs can be done at a later stage when agreements are mapped to the specification.
Proposal 9	For a 3MHz channel BW using a 12-PRB CORESET# 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET# 0 derived from using all applicable Offset RBs:
•	Alt-1: Single RB-level puncturing pattern for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	The legacy 24-PRB CORESET# 0 structure punctures “4 RBs from bottom & 8 RBs from top” to produce a 12-PRB CORESET#0 structure. Only “Offset = 0” is used.
•	Alt-2: Three RB-level puncturing patterns for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	Offset RBs = 0, The legacy 24-PRB CORESET# 0 structure punctures “4 RBs from bottom & 8 RBs from top” to produce a 12-PRB CORESET#0 structure.
o	Offset RBs = 2, The legacy 24-PRB CORESET# 0 structure punctures “6 RBs from bottom & 6 RBs from top” to produce a 12-PRB CORESET#0 structure.
o	Offset RBs = 4, The legacy 24-PRB CORESET# 0 structure punctures “8 RBs from bottom & 4 RBs from top” to produce a 12-PRB CORESET#0 structure.
•	Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET# 0 into the specs can be done at a later stage when agreements are mapped to the specification.
Proposal 10	For 3MHz channel BW, CORESET# 0 recovery techniques impacting the technical specification are not introduced/supported.
Proposal 11	For 5MHz channel BW, a PRB-level puncturing is applied with respect to the minimum available legacy CORESET# 0’s configuration which is equal to 24-PRBs.
•	KSSB = 0, such as the n-th Common Resource Block (CRB) in the “Common Resource Block grid” is PRB-level aligned with the reference SSB structure, which in turn sets the location of CORESET# 0 using “Offset (RBs)”.
Proposal 12	For a 5MHz channel BW using a 20-PRB CORESET 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET# 0 derived from using all applicable Offset RBs:
•	Alt-1: Single RB-level puncturing pattern for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	The legacy 24-PRB CORESET# 0 structure punctures “0 RBs from bottom & 4 RBs from top” to produce a 20-PRB CORESET# 0 structure. Only “Offset = 0” is used.
•	Alt-2: Three RB-level puncturing patterns for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	Offset RBs = 0, The legacy 24-PRB CORESET# 0 structure punctures “0 RBs from bottom & 4 RBs from top” to produce a 20-PRB CORESET# 0 structure.
o	Offset RBs = 2, The legacy 24-PRB CORESET 0 structure punctures “2 RBs from bottom & 2 RBs from top” to produce a 20-PRB CORESET# 0 structure.
o	Offset RBs = 4, The legacy 24-PRB CORESET 0 structure punctures “4 RBs from bottom & 0 RBs from top” to produce a 20-PRB CORESET# 0 structure.
•	Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET# 0 into the specs can be done at a later stage when agreements are mapped to the specification.
Proposal 13	For 5MHz channel BW, CORESET# 0 recovery techniques impacting the technical specification are not introduced/supported.
Proposal 14	For CSI-RS, the legacy procedure is re-used “Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP”, where in addition to “24”, the values 20 and 12 are also included as to support all cases under the umbrella of 3MHz and 5MHz channel bandwidths.
Note: Supporting 12-RBs and 20-RBs in addition to the 24-PRB legacy value will be sufficient to address all scenarios:
o	3MHz CBW: BWP = max transmission bandwidth = 15 PRBs
o	Tx/Rx spanning up to 15-PRBs
	MIN(20 RBs, BWP) = 15
o	Tx/Rx spanning up to 12-PRBs
	MIN(12 RBs, BWP) = 12
o	5MHz CBW: BWP = max transmission bandwidth = 25 PRBs
o	Tx/Rx spanning up to 25-PRBs
	MIN(24 RBs, BWP) = 24
o	Tx/Rx spanning up to 20-PRBs
	MIN(20 RBs, BWP) = 20
Proposal 15	For PUCCH of Msg4 to support transmission bandwidths of <5MHz for 3MHz and 5MHz 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 16	For 3MHz channel BW, the distinction between a 15-PRB SSB structure or a 12-PRB SSB structure is left up to the sync-raster design, and from a RAN1 perspective one field in MIB can be used as a confirmation to the UE indicating whether transmissions will span up to 15-PRBs or up to 12-PRBs.
•	The one field in MIB can be obtained from a spare bit in MIB or from the bits associated to fields not applicable for this WI (e.g., subCarrierSpacingCommon field). The details are discussed at a later stage when agreements are mapped to the specification.
Proposal 17	For 5MHz channel BW, there is no need to distinguish between different SSB structures since a 20-PRB SSB structure is utilized for the 5MHz and sub-5MHz use-cases. From a RAN1 perspective one field in MIB can be used as a confirmation to the UE indicating whether transmissions will span over 25-PRBs or over 20-PRBs.
•	The one field in MIB can be obtained from a spare bit in MIB or from the bits associated to fields not applicable for this WI (e.g., subCarrierSpacingCommon field). The details are discussed at a later stage when agreements are mapped to the specification.
Proposal 18	For a 3MHz channel bandwidth, and the bands under the scope of this WI:
•	Support in n100 the following pairs of punctured structures: “a 12-PRB SSB structure along with a 12-PRB CORESET#0 structure” and “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”.
•	Support in bands other than n100, the following pair of punctured structures: “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”.
Proposal 19	The input on the “Rel-18 Higher layers parameter list” and “UE Feature list” depends on agreements yet to be made in RAN1# 113 upon accounting for the RAN Plenary guidance, thus the corresponding discussions on the above mentioned “lists” are recommended to start after all the fundamental aspects of “LessThan5MHzFR1” are settled.


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

	Qualcomm
	For SSB, BWP and Tx BW:
Proposal 1: 
For 5MHz ChBW: reuse SSB=20RBs and BWP=25RBs in n100 and support the allowed Tx BW=20RBs. 
For 3MHz ChBW: support SSB=12RBs and BWP=15RBs for all bands and support the allowed Tx BW=12RBs or 15RBs in n100 and allowed Tx BW=15RBs in other bands. 
Proposal 2: For initial access, searching of SSB with 20RBs or 12RBs is dependent on sync raster design, up to RAN4 discussion.
Proposal 3: 
Confirm the 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
Define only one SSB pattern of 12RBs with PBCH puncturing for 3MHz ChBW in all the bands.
The PBCH RBs outside PSS/SSS 12RBs are punctured.
Keep same EPRE SSS and PBCH/DMRS.
Send LS reply to RAN4 the only one SSB pattern of 12RBs for 3MHz ChBW in all bands.
For CORESET0:
Proposal 4: For Tx BW of 12, 15 or 20RBs, new CORESET0 can be configured as 12, 15, 18RBs for 2-symbol and 12, 16, 20RBs for 3-symbol CORESET0, respectively, using 
no interleaving 
RB offset=0
REG bundle size of L=6
Proposal 5: If 3MHz ChBW has the allowed Tx BW of 15RBs, CORESET0 can be configured with 16RBs and 3 symbols to support AL=4 and 8 with 1RB puncturing assuming precoding across all REGs
AL=1 or 2 with puncturing is not supported.
Proposal 6: Reuse legacy hashing function for PDCCH candidate monitoring assuming the number of CCEs counted based on the configured RB number and symbol number for the new CORESET0 for less than 5MHz. 
Proposal 7: For new CORESET0 in NR dedicated spectrum less than 5MHz
MIB/PBCH indicate reserved kSSB=30 to prevent legacy UEs accessing the dedicated spectrum less than 5MHz
New UEs assume a predefined value for kSSB and use a new Table 13-X (Opt2) to indicate new CORESET0 configurations based on the PDCCH-ConfigSIB1 in MIB.
Note: the predefined value of kSSB is up to RAN4 sync raster design.

Table 13-X: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for the frequency bands with minimum channel bandwidth 3 MHz or 5 MHz given in [5, TS38.101-1] and kSSB=30

For CSI-RS/TRS:
Proposal 8:
For 5MHz ChBW with BWP=25RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 20RBs for the allowed Tx BW of 20RBs.
For 3MHz ChBW with BWP=15RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 12RBs for the allowed Tx BW of 12RBs.

For PUCCH:
Proposal 9: Support disabled PUCCH frequency hopping for msg4 for Tx BW less than 5MHz in 5MHz and 3MHz ChBW.

For PRACH:
Proposal 10: Support 3-FDM PRACH occasions with 1.25kHz SCS for Tx BW of 20RBs in 5MHz ChBW.


	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.

Observation 1: Truncating SS/PBCH block bandwidth to 15 RBs will lead to unacceptable complexity in initial cell search. 

Observation 2: With power boosting on EPRE of the SS/PBCH block and maintaining the whole transmission power, the truncation of PBCH bandwidth from 15 RBs to 12 RBs has very minor impact to PBCH detection performance.

Proposal 2: For 3 MHz channel bandwidth in all applicable bands, SS/PBCH block bandwidth is truncated to 12 RBs, and a fixed SS/PBCH block structure with 12 RBs bandwidth is supported (e.g., the center 12 RBs of the legacy SS/PBCH block structure).

Proposal 3: 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 4: For CORESET#0 configuration table:
Reuse the legacy principle of using the minimum channel bandwidth to determine which CORESET#0 configuration table to use;
For 3 MHz channel bandwidth, support a single CORESET#0 bandwidth as 12 RBs;
No need to support CORESET#0 bandwidth between 13 and 24 RBs;
For Option 1, two sub-options can work:
Option 1a: truncate the CORESET#0 bandwidth to 12 RBs after the CCE-to-REG mapping;
Option 1b: use the reserved row in the legacy table to support CORESET#0 configuration with 12 RB bandwidth and 0 RB offset (Table 2 as an example);
For Option 2, the new table shall include configurations satisfying the following (Table 3 as an example):
Reuse all legacy configurations with 24 RB CORESET#0 bandwidth;
Add new configurations with 12 RB CORESET#0 bandwidth and 0 RB offset;
UE determines the CORESET#0 bandwidth according to the table directly and no puncturing is needed.

Proposal 5: For Type0-PDCCH, no enhancement with specification impact is needed, and conclude that the maximum number of AL for Type0-PDCCH is 4.

Proposal 6: RAN1 shall conclude that no enhancement to CSI-RS for RRM is needed. 

Proposal 7: RAN1 shall conclude that no need to support PUCCH FH disabling.


	Rakuten
	Observation
DL reception performance degradation due to puncturing can be compensated by power boosting, which can be performed based on implementation specific way.
Proposal
For 3MHz channel bandwidth, PBCH transmission with 12 PRB can be assumed as working assumption not only for n100 but for other bands.

	DOCOMO
	Proposal 1:
Confirm the following working assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are 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

Proposal 2:
Punctured PBCH BW is 12 PRBs for 3MHz CBW in every target band in this WI or when transmission bandwidth[s] is less than 5MHz for 5MHz CBW 
PSS/SSS and PBCH are transmitted/received on the same PRBs on different OFDM symbols, and PBCH outside the PRBs are punctured

Proposal 3:
For CORESET#0 configuration for transmission BWs of <5MHz for 3 and 5 MHz CBWs, a new CORESET#0 configuration table is introduced for the configuration with following rows
12 PRBs with 2 OFDM symbols
12 PRBs with 3 OFDM symbols
15 PRBs with 2 OFDM symbols
15 PRBs with 3 OFDM symbols

Proposal 4:
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 5:
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 6:
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


	TD Tech
	Proposal 1: The working assumption for sending PBCH with the legacy SSB structure is pending for the RAN decision on the recommended transmission bandwidth configurations for dedicated spectrum less than 5MHz for FR1.

Proposal 2: For dedicated spectrum less than 5MHz for FR1, the initial DL BWP or each dedicated DL BWP of a NR cell has the same bandwidth as the transmission bandwidth configuration of the NR cell.

Proposal 3: A new CORESET 0 configuration table is introduced for configuring CORESET 0 within the transmission bandwidth configuration of a NR cell.

Proposal 4: The PDCCH of CORESET 0 can be redesigned in the following aspects.
New aggregation level(s) for PDCCH
A new interleaver for PDCCH

Proposal 5: The bandwidth of a CORESET other than CORESET 0 is equal to the transmission bandwidth configuration of a NR cell.


	MediaTek
	Proposal 1: Confirm the working assumption on PBCH transmission from RAN1 #112.
Proposal 2: RAN1 supports 15 PRBs for PBCH transmission in other bands with 3MHz CBW, if new sync raster points to be designed by RAN4 can meet at least the following two conditions:
The above proposal assumes that new sync raster points to be designed by RAN4 can meet at least the following two conditions 
the number of PRBs for PBCH transmission {12, 15, or 20} and the applicable punctured pattern are known to UE for a given sync raster point and a given band before UE detects PBCH; 
UE’s cell search complexity is not increased significantly, e.g. sync raster interval is decreased from 1.2MHz to 100kHz . 
The truncation pattern is defined in the specification for corresponding bands.

Proposal 3: For transmission bandwidth <5MHz in CBW=3MHz and 5MHz, the size of CORSET#0 remains 24 as legacy. Truncation is performed to meet different transmission bandwidths.
Proposal 4: Opt.1 for CORESET#0 enhancements can be supported provided that it can be achieved by gNB’s implementation without any specification impact.
Proposal 5: Opt. 2 can be supported for CORESET#0 enhancements.
Proposal 6: Opt.3, Opt.4 and Opt.5 are not supported for CORESET#0 enhancements.
Proposal 7: As per legacy operation, frequency hopping is always enabled for PUCCH in common PUCCH resources. No enhancements are needed.
Proposal 8: No enhancements are needed for CSI-RS for RRM.




26

image2.emf
n_shift=5 n_shift=4 n_shift=3 n_shift=2 n_shift=1 n_shift=0 n_shift=5 n_shift=4 n_shift=3 n_shift=2 n_shift=1 n_shift=0

CCE  CCE  CCE  CCE  CCE  CCE 

REG-

bundle RB

CCE  CCE  CCE  CCE  CCE  CCE 

REG-

bundle RB

5 4 3 2 1 0 0

0

5 4 3 2 1 0 0

0

1 1

6 5 4 3 2 1 1

2

6 5 4 3 2 1 1

2

3 3

7 6 5 4 3 2 2

4

7 6 5 4 3 2 2

4

5 5

0 7 6 5 4 3 3

6

8 7 6 5 4 3 3

6

7 7

1 0 7 6 5 4 4

8

9 8 7 6 5 4 4

8

9 9

2 1 0 7 6 5 5

10

10 9 8 7 6 5 5

10

11 11

3 2 1 0 7 6 6

12

11 10 9 8 7 6 6

12

13 13

4 3 2 1 0 7 7

14

0 11 10 9 8 7 7

14

15 15

1 0 11 10 9 8 8

16

17

2 1 0 11 10 9 9

18

19

3 2 1 0 11 10 10

20

21

4 3 2 1 0 11 11

22

23

Opt.2-2 3-symbol CORESET0 w/o interleaving

punc

tured

Opt.2-1 3-symbol CORESET0 w/o interleaving

punc

tured

Among N

CCE

=12 CCEs, only one PDCCH 

candidate for AL=8 with CCE index i=0,…7

Among N

CCE

=8 CCEs, one PDCCH 

candidate for AL=8 with CCE index i=0,…7


image1.emf

Microsoft_Word_Document.docx



