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1 Introduction
In RAN plenary 94e meeting, a new WI ‘NR supports for dedicated spectrum less than 5MHz for FR1’ was approved with the following RAN1-relevant objectives [1]

	· 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.



In this contribution, we provide our views on the open issues in accordance with the agreements made in RAN1 111 meeting. 
 
2. Discussions
2.1  On PBCH Transmission
In the RAN1 111 meeting, the following was agreed for PBCH transmission for further study: 
	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
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



During RAN1 112 meeting, the following was agreed for PBCH transmission: 
	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


In RAN plenary 99 meeting, the channel BW for physical channels of approximate 3MHz up to below 5MHz was discussed based on the RAN1 LS (R1- 2302186). The following consensus was reached for PBCH BW at the end of meeting and captured in LS response [4]: 
	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.


According to the evaluation, the performance loss caused by the smaller number of RBs for PBCH can be almost fully recovered by the power boosting operation at the NW. This option has no spec impact and is left up to NW implementation. Therefore, the working assumption of PBCH based on RB-level puncturing should be confirmed for the transmission BW of <5MHz use case. 
RAN plenary concluded to use 12 PRBs and 20 PRBs for PBCH transmission in case of 3MHz and 5MHz CBW [4]. One FFS aspect tasked to RAN1 is to define the RB numbers for 3MHz CBW except n100. Our preference is to define a single PBCH structure for 3MHz CBW in a band-agonistic manner. There are a couple of reasons for this preference. First, typically, the PBCH decoding is implemented by the hardware and a single PBCH structure has an important advantage of simplifying device implementation. Secondly, defining varied PBCH structures (i.e., RB numbers) on a band-specific manner requires standardization of new signalling scheme to indicate the PBCH RB numbers and difficult to achieve within a Rel-18 timeframe. 
We therefore made the following proposal:       
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 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 2: 
· For all bands with 3MHz channel bandwidth, PBCH transmission bandwidth is 12 PRBs. 



2.2  On PDCCH Transmission
During RAN1 111 meeting, the following was agreed for PDCCH reception for the reduced BW: 
	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



The CORESET #0 configuration is indicated by PBCH payload, which currently supports different configurations of 1/2/3 symbols over time domain and 24/48/96 RPBs in frequency. This provides important flexibility for NW for CORESET #0 configuration based on the available RBs and deployment scenario. The necessity of this flexibitiliy is hold for <5MHz system operation.  
In the current CORESET #0 configuration table for 15kHz SCS, there is one reserved row that can be exploited to accommodate a single configuration for <5MHz case. When more RBs are available within a CBW, Opt.1, (i.e., defining a single CORESET#0 configuration) imposes undesirable restriction on the CORESET #0 configuration and degrades the PDCCH performance. With Opt.2, similar as in legacy, a few CORESET #0 configurations can be hard encoded in specification and one of them is selected by the PBCH payload addressing different use cases. Based on the detected sync point, UE can determine which of the legacy or new CORESET#0 table to be used for CORESET#0 resource determination.          
Proposal 3: 
· A new CORESET #0 configuration table is introduced and used when a PSS/SSS is detected on a new sync raster point. 
· The Table includes a set of PRB numbers that are less than 24. 

For NR <5MHz, the PDCCH performance is degraded compared to 5MHz deployment scenario. In RAN1 112 meeting, a variety of options were identified to recover the PDCCH performance as follows [3]:
	
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 



Among these options, the power boosting (Opt.1) is the simplest way as discussed for PBCH channel and hence preferred. 
In addition, we also support Opt.2 to efficiently utilize the available RBs in a narrower CBW than legacy, which is essential for larger aggregation levels (e.g., AL 4/8) to ensure PDCCH performance with a trivial standard efforts and negligible spec impact. For instance, CORESET#0 span over at least 24 PRBs. The interleaved CCE-to-REG mapping is mandated for CORESET#0 with REG-bundle size  and interleave size  For example, assuming 3-symbols configuration with 24 PRBs, an inter-leaved CCE-to-REG mapping results in an effective 5 CCEs (i.e., 15 PRBs CBW) and 4 CCEs (i.e., 12 PRB CBW) resources for a AL#8 configuration and eventually causes significant performance loss for PDCCH and reduce the coverage. With the non-interleaved CCE-to-REG, all RBs in the CORESET#0 BW can be used e.g., it results in a ‘6 full CCEs + 1 puncture CCE (pCCE)’ for AL#8  in case of 15 PRBs CBW.        
Proposal 4: 
· Support power boosting to recover the PDCCH performance caused by reduced BW. 
· Support non-interleaved CCE-to-REG mapping for CORESET#0
2.3  PUCCH Channel
In the RAN1 111 meeting, the following was agreed for PUCCH transmission [2]: 
	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.


In NR, frequency hopping is configurable for dedicated PUCCH resources. However, for the common PUCCH resources configured by SIB information e.g., for initial access procedure, frequency hopping is always enabled without support of configurability. 
The concerned use case motivating the FFS discussion is when the transmission BW (e.g., 3.6MHz) is less than the channel BW and the frequency hopping of the PUCCH associated with Msg4 PDSCH may fall outside of the transmission BW. In our understanding, the initial UL BWP configured by SIB1 is not an RRC-configured UE BWP and UE is required to support any arbitrary size for initial UL BWP. In other words, the concern can be addressed by limiting the initial UL BWP up to the transmission BW by SIB1. It should be noted that the following sentence as a note of feature 6-1 is referring to UE-specific RRC configured BWP and not applied for initial DL/UL BWP configuration: 
	This feature should be mandatory without capability signalling for at least BWPs which is the same as the set of specified channel BW


Nevertheless, to address this concern, the frequency hopping of PUCCH can be disabled in SIB information, which was supported already for Redcap UE in Rel-17.    
Proposal 5: 
· The frequency hopping for common PUCCH resources can be disabled by SIB1 for <5MHz system. 



3. Conclusion 
In the previous sections, we have discussed different open issues to support NR on dedicated spectrum less than 5MHz for FR1. Based on the discussions above, the following proposals were made: 

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 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 2: 
· For all bands with 3MHz channel bandwidth, PBCH transmission bandwidth is 12 PRBs. 
Proposal 3: 
· A new CORESET #0 configuration table is introduced and used when a PSS/SSS is detected on a new sync raster point. 
· The Table includes a set of PRB numbers that are less than 24. 
Proposal 4: 
· Support power boosting to recover the PDCCH performance caused by reduced BW. 
· Support non-interleaved CCE-to-REG mapping for CORESET#0
Proposal 5: 
· The frequency hopping for common PUCCH resources can be disabled by SIB1 for <5MHz system. 
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