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1. Introduction
A revised WID on NR support for dedicated spectrum less than 5MHz for FR1 was approved at the RAN#97-e meeting [1]. In RAN 1 #111, the following agreements in 9.16.1 were made [2].
	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

[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.


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.


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



In this discussion, we consider if SSB and PUCCH should be changed with minimum specification impact to operate in spectrum allocations at 3 MHz.

2. Discussion
When the bandwidth of a 3 MHz is supported, all PRB of PBCH cannot be received. In PUCCH, intra-slot frequency hopping (FH) may not be effective. These problems of 3 MHz bandwidth are described and discussed in this contribution. For this discussion, when 10% of bandwidth needs to be a guard band for a 3 MHz dedicated spectrum, the available channel bandwidth that the system can use is about 2.7 MHz. The bandwidth of less than 3 MHz may also need to be discussed.

2.1. SSB
To access to NR system, UE first searches SSB. The SSB is shown in figure 1. The SSB consists of PSS, SSS, and PBCH. In the time domain, an SSB is comprised of 4 OFDM symbols. In the frequency domain, an SSB consists of 240 contiguous subcarriers. 
In the SCS with 15 kHz, the bandwidth of PSS and SSS is less than 2.16 MHz (12 PRB), which is accommodated in 2.7 MHz bandwidth. However, for PBCH, the bandwidth is 3.6 MHz (20 PRB), meaning some of the PRB of PBCH becomes outside the channel bandwidth. UE cannot receive overall PBCH within the channel bandwidth of around 3 MHz.
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Figure 1. SSB reception within the channel BW of less than 5 MHz

 As a result, UE cannot receive some PRB of PBCH. To deal with this problem, when the configuration of PBCH is changed, we consider that the specification suffers from significant impact. Hence, it is better that UE does not receive edge PRB of PBCH. If the guard band does not need to be considered, UE can receive 16 RB (2.88 MHz). Considering the guard band, we must reduce PRB from 16 RB to 15 RB (2.70 MHz). To evaluate this loss, we conducted a computer simulation. From the results of the computer simulation in figure 2, we confirm a 2.8 dB loss at BLER with 1×10-2 in 16 RB reception. In the case of 15 RB, the loss becomes 3.5 dB. From the results, although UE with narrow bandwidth reception needs higher SNR, we consider that this loss can be compensated by applying effective methods such as power boosting and multiple PBCH reception. If more gain needs to be obtained, diversity methods such as receive diversity and transmit diversity should be enhanced because narrow bandwidth may not generate enough frequency diversity effect. 
[image: ]
[bookmark: _Hlk110964323]Figure 2. BLER of PBCH reception for less than 5 MHz.

Proposal 1:
[bookmark: _Hlk125446678]The puncture PBCH method is acceptable in a channel bandwidth of around 3 MHz. To keep coverage, power boosting, multiple PBCH reception, and diversity enhancement should be considered.

2.2. PUCCH
UE can transmit PUCCH in 1 PRB. Hence, a bandwidth of 3 MHz is sufficient for PUCCH transmission. In addition, the specification has already defined resource sets that perform FH in narrow bandwidths. For this reason, we consider that special specification changes are not necessary. Moreover, to reduce the complexity, it is also possible to turn off intra-slot FH for PUCCH transmission (introduced in Rel-17 RedCap). However, it should always be considered whether PUCCH can be received at gNB under these circumstances. Compensation techniques such as power boosting and PUCCH repetition should be considered. Moreover, diversity techniques such as cyclic shift delay diversity (CDD) may need to be enhanced as the frequency diversity effect reduces with narrowing bandwidth.

[bookmark: _Hlk125446651]Observation 1:
For PUCCH transmission, FH can be configured within a bandwidth of 3 MHz.
Observation 2:
FH can be turned off for PUCCH transmission (introduced in Rel-17 RedCap).

[bookmark: _Hlk125446661]Proposal 2:
For PUCCH transmission within a channel BW of 3 MHz, coverage compensation methods such as power boosting, repetition, and transmit diversity should be discussed, because the frequency diversity effect is decreased in a narrow band PUCCH transmission regardless of the use of FH.

3. Conclusion
In this contribution, we discussed how to receive PBCH and transmit PUCCH at UE. The necessary changes to NR physical layer should be minimum on the specification when a bandwidth of 3 MHz is supported. Based on the discussion, we made the following observations and proposals.

Observation 1:
For PUCCH transmission, FH can be configured within a bandwidth of 3 MHz.

Observation 2:
FH can be turned off for PUCCH transmission (introduced in Rel-17 RedCap).

Proposal 1:
The puncture PBCH method is acceptable in a channel bandwidth of around 3 MHz. To keep coverage, power boosting, multiple PBCH reception, and diversity enhancement should be considered.


Proposal 2:
For PUCCH transmission within a channel BW of 3 MHz, coverage compensation methods such as power boosting, repetition, and transmit diversity should be discussed, because the frequency diversity effect is decreased in a narrow band PUCCH transmission regardless of the use of FH.
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Appendix
Table A Simulation parameters 
	Parameter
	Value

	Carrier Frequency
	900 MHz

	UE speed
	25 km/h

	Number of BS antennas
	1Tx

	Number of UE antennas
	1Rx

	Subcarrier spacing
	15 kHz

	PBCH payload (excluding 24bits CRC)
	32 bits

	Modulation
	QPSK

	Channel coding
	Polar

	Channel model
	TDL-C (delay spread : 300 ns)

	Symbol timing and channel estimation
	[bookmark: OLE_LINK2]Perfect estimation
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