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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction

RAN WG1 have started working on the WI NR support for dedicated spectrum less than 5MHz for FR1 at RAN1#111 and have reached the following agreements [1]
	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 signalling is needed.
Note: include this agreement into the LS
[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 configurationn 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
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]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
[bookmark: OLE_LINK16]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



This paper discusses the RRM specification impacts of spectrum less than 5MHz for FR1 and provides our views.
2. Discussion
	Item
	RAN1 Progress / agreement

	BW
	From 3 MHz up to below 5 MHz

	PRB
	[15, 16] PRB @ 15 KHz SCS, 3 MHz
Waits for input from RAN4 RF

	SSS/PSS
	Not punctured. 

	PBCH
	Partial BW out of 20 RB normal PBCH
. Design details is TBD

	CORESET0
	Partial BW out of 24 / 48 RB normal CORESET0
. Design details is TBD

	Sync Raster
	Waits for input from RAN4 RF to support 3 MHz



The RAN1 status can be summarized as below for RRM impact consideration. It can be noted that there would be changes in PBCH and COREST0 due to limited BW which can not cover the BW of normal PBCH and COREST0 signals.







RRM impact from new PBCH / CORESET0 
Cell search procedure and mobility performance
During cell search, UE uses SSS and PSS for PCID and symbol timing detection while PBCH is used for frame synchronization and verification of correct cell detection. RAN1 is under progress of study and how to recover PBCH detection performance for transmission bandwidths of < 5MHz for 3MHz and 5MHz channel bandwidth. We can decide whether cell search performance in terms of search time and detection probability is kept or not after RAN1 finalizes the design. 

Observation 1: Cell search performance in terms of search time and detection probability may be impacted from RAN1 design decision.
UE transmit timing and signalling performance 
Regardless of RAN1 PBCH design, degradation of time-domain resolution from limited bandwidth is inevitable and it needs to be evaluated especially for UE transmit timing requirements. In addition, the noise suppression gain depends on the number of DMRS in new PBCH. It can be kept or not depending on number of available DMRS in the new PBCH. The number of available DMRS may impact the RRM measurement requirements as below. Also, we can see that actual degradation would be implementation specific and relative degradation might be negligible if SS signals without utilization PBCH are used for UE transmit timing estimation.

	Feature 
	Related Requirements in TS 38.133

	BM
	9.5.4.1 SSB based L1-RSRP Reporting
9.5.5.1 Measurement restriction for SSB based L1-RSRP

	RLM
	8.1.2 Requirements for SSB based radio link monitoring

	BFD
	8.5.2 Requirements for SSB based beam failure detection
8.5.5 Requirements for SSB based candidate beam detection

	UE transmit timing
	7.1.2 (UE transmit timing) Requirements
 . Meet Te requirements under the condition that at least one SSB available during the last 160 ms



	For LTE, the requirement is two times better than 1.4 MHz BW (6 RB) if nominal BW is equal and larger than 3 MHz (15 RB in 15 KHz SCS). Thus, the signals wider than 3 MHz might not be used for UE power saving and complexity gain of cell search block. From this aspect, NR requirement is simpler since the minimum BW up to Rel-17 always cover SSB signals with fixed BW. Note that LTE and NR have the same requirements for BW larger than 5 MHz since Ts = 64*Tc. Anyway, it needs to be evaluated based on RAN1 design decision on PBCH in bandwidth less than 5 MHz.
Table 7.1.2-1: Te Timing Error Limit [2]
	Downlink Bandwidth (MHz)
	Te

	1.4
	24 * Ts

	≥ 3
	12 * Ts

	Note: Ts is the basic timing unit defined in TS 36.211



Table 7.1.2-1: Te Timing Error Limit [3]
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12 * 64 * Tc

	
	
	30
	10 * 64 * Tc

	
	
	60
	10 * 64 *Tc

	
	30
	15
	8 * 64 * Tc

	
	
	30
	8 * 64 * Tc

	
	
	60
	7 * 64 *Tc

	~

	Note 1: Tc is the basic timing unit defined in TS 38.211


Observation 2: Degradation of time-domain resolution from limited bandwidth is inevitable and it needs to be evaluated based on RAN1 design decision especially for UE transmit timing requirements. Other signalling characteristic requirements also may depend on the number of available DMRS in the new PBCH.
Expected changes in RRM specifications
Basically, there can be various ways of handling in RRM requirement specifications if RRM performance degradation under the existing measurement conditions is observed. 
	Option 1. Relax the allowed error range / accuracy
	Option 2. Extend required time / samples 	 
Observation 3: RAN4 can decide whether relax the accuracy or extend time / samples after evaluating the RAN1 design details on PBCH / CORESET0. 
Proposal 1: RAN4 to firstly identify the potentially impacted RRM requirements. After RAN1 design details are fixed, RAN4 is going to evaluate performance degradation and finally move forward to decide the specification changes.
3. Conclusion

Observation 1: Cell search performance in terms of search time and detection probability may be impacted from RAN1 design decision.
Observation 2: Degradation of time-domain resolution from limited bandwidth is inevitable and it needs to be evaluated based on RAN1 design decision especially for UE transmit timing requirements. Other signalling characteristic requirements also may depend on the number of available DMRS in the new PBCH.
Observation 3: RAN4 can decide whether relax the accuracy or extend time / samples after evaluating the RAN1 design details on PBCH / CORESET0.  
Proposal 1: RAN4 to firstly identify the potentially impacted RRM requirements. After RAN1 design details are fixed, RAN4 to evaluate performance degradation and finally move forward to decide the specification changes.
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