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Introduction
In the following RAN plenary’s reply LS to RAN1 [1], RAN1 is requested to decide: 
1. The PBCH transmission bandwidths in bands with 3MHz CBW other than n100: 15 or 12 PRBs?
2. CORESET#0 transmission bandwidth for bands with CBW=3MHz to 5MHz. 
	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
· [bookmark: _Hlk134706133]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.



In this contribution, some simulation results are provided about these two issues. We share our views on the remaining issues on PBCH, CORESET#0, PUCCH and CSI-RS.

Discussion
PBCH
At RAN1#112, the following working assumption on PBCH transmission was made. 
	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: _Ref134989084]Proposal 1: Confirm the working assumption on PBCH transmission from RAN1 #112. 

RAN1 is requested by RAN plenary to decide the PBCH transmission bandwidth for other bands with 3MHz CBW: 12 PRBs as n100 or 15 PRBs. Based on the simulation results shown in Figure 1 and summarized in Table 1, we can see that 15PRB PBCH outperforms 12PRB PBCH by about 3dB for both one-shot and soft combining detections. With a better PBCH detection performance, UE can reduce its initial access latency with a 15PRB PBCH compared with a 12PRB PBCH. We therefore prefer to support 15PRBs for other bands with CBW=3MHz. However, the candidate PRB numbers then can be 12, 15, and 20 for a UE to support across multiple bands. For 15PRB PBCH, RAN1 also needs to decide which PRBs to puncture and how UE learns about the puncturing pattern before it detects PBCH. In addition, new sync raster points for these bands are still under discussion in RAN4. We support 15PRBs of PBCH assuming that UE does not require to increase its cell search complexity significantly. 
Observation 1: Compared with 12 PRBs, the SNR improvements for 15 PRBs is about 3 dB.  
[bookmark: _Ref134989093]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.

[bookmark: _Ref118661216]Table 1: Required SNR for 1% BLER with different PBCH puncturing patterns in the granularity of RB
	Number of PRBs
	SNR at 1% BLER without soft combining (i.e., one-shot decoding) [dB]
	SNR at 1% BLER with soft combining up to 4 receptions [dB]

	Full 20 PRBs
	-4.50 
	-9.43

	Lower 15 PRBs 
(RBs 1~15 transmitted; RBs 0, and 16~19: truncated)
	-2.28
	-8.43

	Middle 12 PRBs 
	0.86
	-5.52



[image: ]
[bookmark: _Ref134981343]Figure 1: BLER performance for PBCH with different available PRB numbers, 12, 15, and 20. Performances with one-shot detection and with soft combining up to four receptions are shown.
CORESET#0
	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 
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



Since the minimum available number of PRBs is 12 (in band n100), we compare the CORESET#0 performance with a new size of 12 PRBs without truncation and that with the existing 24PRB size with truncation. From the simulation results shown in Figure 2 and  
Table 2, the performance gain is only about 0.6dB. Therefore, we prefer not to introduce new CORESET#0 RB sizes which means we don’t support Opt. 5, PDCCH rate matching, from the previous RAN1 agreement. Both Opt.3 and Opt.4 would introduce nonnegligible specification impact. We hence don’t support them, either. As for Opt.1 power boosting, if it does not require spec changes and can be implemented by gNB, then we think it can be supported. 
For Opt. 2, we understand it would help to increase the number of CCEs in the bandwidth. Also, both interleaving and non-interleaving have been supported for UE-specific CORESET configured via RRC since R15. With the extension to CORESET#0, the required changes are acceptable to us.
Observation 2: Performance difference between a 12-RB CORESET without puncturing and a 24-RB CORESET punctured to 12RBs is 0.6dB at BLER=1%. 
[bookmark: _Ref134989105]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. 
[bookmark: _Ref134989741]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.  
[bookmark: _Ref134989751]Proposal 5: Opt. 2 can be supported for CORESET#0 enhancements. 
[bookmark: _Ref134989114]Proposal 6: Opt.3, Opt.4 and Opt.5 are not supported for CORESET#0 enhancements. 
[bookmark: _Ref134988105][bookmark: _Ref134988092] 
Table 2: Required SNR for 1% BLER for Type0-PDCCH with different CORESET#0 sizes and puncturing patterns 
	CORESET size / AL
	# of RBs Tx’ed and Rx’ed
	Required SNR @ 1% BLER 

	24 RBs, 3 symbols, AL=8, interleaving
	24 (without truncation)
	-5.20 dB

	24 RBs, 3 symbols, AL=8, interleaving
	15 (with truncation)
	-3.11 dB

	24 RBs, 3 symbols, AL=8, interleaving
	12 (with truncation)
	-1.72 dB

	12 RBs, 3 symbols, AL=4, interleaving
	12 (without truncation)
	-2.33 dB



[image: ]
[bookmark: _Ref134988079]Figure 2: BLER performance of Type0-PDCCH with CORESET#0 sizes qual to 24 and 12. The number of PRBs received by the UE stand for the number of available PRBs in a band. 

PUCCH
At RAN#111, the following was concluded for PUCCH. 
	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.



Regarding the FFS point in the previous conclusion, we do not perceive a need to disable PUCCH Frequency Hopping (FH) in common PUCCH resources. If the primary justification for disabling PUCCH FH is that the UE is unable to accommodate arbitrary BWP sizes, then this issue should be addressed through the NR (R15/R16/R17) maintenance session instead. It is worth noting that since the introduction of BWP in Rel-15 NR, the gNB has retained the capability to configure BWPs of any arbitrary size, provided that it does not exceed CBW.
Some arguments suggest that enabling PUCCH Frequency Hopping (FH) leads to PUSCH fragmentation in neighboring cells. However, our understanding is that this issue can be mitigated through the use of resource allocation Type 0, which is already supported by UE. Additionally, fragmentation concerns can be addressed by the gNB's implementation of PUSCH and PUCCH configuration and scheduling in a TDM manner.
Therefore, we have not identified the necessity for disabling PUCCH FH. 
[bookmark: _Ref134989121]Proposal 7: As per legacy operation, frequency hopping is always enabled for PUCCH in common PUCCH resources. No enhancements are needed. 

CSI-RS 
At RAN1#112, the following was concluded for CSI-RS. 
	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



Given that the key benefits of CSI-RS over SSB include broader bandwidth and narrower beams, we believe employing SSBs for measurements would be adequately effective in the targeted lower frequency bands featuring narrow channel bandwidths. Consequently, we contend that improvements to CSI-RS for RRM may not be required.
[bookmark: _Ref134989127]Proposal 8: No enhancements are needed for CSI-RS for RRM. 

Conclusion
In this contribution, we make the following proposals. 
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.
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]References 
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Appendix A: Link-level simulation
PBCH simulation assumption:
	Parameters
	Value

	Scenario and frequency
	Rural: 900MHz (FDD)

	SCS
	Rural: 15kHz

	Channel model 
	TDL-C, NLoS

	Delay spread
	300ns

	UE velocity
	3km/hr

	# of gNB TX chains
	1 

	# of UE RX chains
	2 

	PBCH RBs 
	1. Full reception of 20RBs (i.e. no puncturing)
2. Reception of 15 PRBs: 12RBs in the middle containing full PSS/SSS and the three PRBs below it. (i.e. puncturing the lowest RB in the bottom and the highest four RBs on the top)
3. Reception of 12RBs in the middle containing PSS/SSS (i.e., puncturing the four RBs in the bottom and the four PRBs on the top)

	PBCH soft combining
	1. Without soft combining (one-shot decoding)
2. With soft combining of up to 4 receptions 

	SSB periodicity
	20ms



Type0-PDCCH simulation assumption
	Parameters
	Value

	Scenario and frequency
	Rural: 900MHz (FDD)

	SCS
	Rural: 15kHz

	Channel model 
	TDL-C, NLoS

	Delay spread
	300ns

	UE velocity
	3km/hr

	# of gNB TX chains
	2 

	# of UE RX chains
	2 

	CORESET#0 configurations
	1. 24 RBs, 3symbols, AL=8, interleaved 
2. 12 RBs, 3symbols, AL=4, interleaved

	Reception assumptions
	1. Tx: 24RB; Rx: 24; no truncation
2. Tx: 24RB; Rx: 15; with truncation 
3. Tx: 24RB; Rx: 12; with truncation
4. Tx: 12RB; Rx: 12; with truncation
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