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[bookmark: _Toc116995841]Introduction
Simulation assumptions were discussed and agreed in the last meeting [2]. Based on the assumptions, we performed simulations on DMRS detection, and MIB reading. The full set of simulation results is captured in R4-2309659 [3]. 
Discussion
SSB index reading simulations
The following table provides a summary of the simulations performed to derive the number of samples for SSB-index reading, and whether soft-combining needs to be assumed to meet the performance criteria for specific SNR. We present results with 99% performance criteria with single SSB detection, maximum correlation detection from multiple SSBs and non-coherent combining over 2 or 3 SSBs.  
20PRB case is used as a baseline performance, and we expect to reach similar performance with less PRBs. 
To be able to reach similar performance level with 12PRBs as baseline 20PRBs, combining of either 2or 3 SSBs is needed. Additionally, we note that a single SSB detection with 12-RB PBCH is sufficient at SNR of -8 dB. 

	Scenario
	Comments
	SNR for meeting performance criteria 
	 Scenario meeting 99% criteria

	DMRS detection, AWGN, (1x2), 20PRBs
	Baseline
	-13 dB
	Single SSB detection

	DMRS detection, AWGN, (1x2), 12PRBs
	
	-10 dB
	Single SSB detection

	
	
	-12 dB
	2 SSB combine max correlation

	
	Meets the baseline
	-14 dB
	3 SSB combine non-coherent

	DMRS detection, TDL-A 30ns, (1x2), 3 km/h, 20 RBs
	Baseline
	-15 dB
	Single SSB detection

	DMRS detection, TDL-A 30ns, (1x2), 3 km/h, 12 RBs
	
	-12 dB
	Single SSB detection

	
	
	-14 dB
	2 SSB combine max correlation

	
	Meets the baseline
	-15 dB
	2 SSB combine non-coherent

	DMRS detection, TDL-B 100ns, (1x2), 3 km/h, 20 RBs
	Baseline
	-12 dB
	Single SSB detection

	DMRS detection, TDL-B 100ns, (1x2), 3 km/h, 12 RBs
	
	-9 dB
	Single SSB detection

	
	
	-11 dB
	2 SSB combine max correlation

	
	Meets the baseline
	-12 dB
	2 SSB combine non-coherent

	DMRS detection, TDL-C 300ns, (1x2), 3 km/h, 20 RBs
	Baseline
	-12 dB
	Single SSB detection

	DMRS detection, TDL-C 300ns, (1x2), 3 km/h, 12 RBs
	
	-10 dB
	Single SSB detection

	
	
	-11 dB
	2 SSB combine max correlation

	
	Meets the baseline
	-12 dB
	2 SSB combine non-coherent

	DMRS detection, HST single tap, FO = 834 Hz, (1x2), 20 RBs
	Baseline
	-13 dB
	Single SSB detection

	DMRS detection, HST single tap, FO = 834 Hz, (1x2), 12 RBs
	
	-10 dB
	Single SSB detection

	
	
	-11 dB
	2 SSB combine max correlation

	
	Meets the baseline
	-13 dB
	3 SSB combine non-coherent


Table 1: Summary of the DMRS detection simulations
[bookmark: _Toc135080246][bookmark: _Toc135080247][bookmark: _Toc135080402][bookmark: _Toc135078617][bookmark: _Toc135080557][bookmark: _Toc135080973]For DMRS detection, single SSB detection is sufficient for 12-RB PBCH down to –8 dB SNR. Soft combining can be left up to UE implementation 
[bookmark: _Hlk135056580][bookmark: _Toc135080974]Feasible operating point / delay is selected based on non-coherent or max correlation results.  Any implementation with similar performance is allowed. 
MIB-reading reading simulations
	Scenario
	Comments
	SNR for meeting performance criteria 
	 Scenario meeting 99% criteria

	MIB reading, AWGN, (1x2), 20PRBs
	Baseline
	-9 dB
	Single SSB detection

	MIB reading, AWGN, (1x2), 12PRBs
	
	-4 dB
	Single SSB detection

	
	
	-5 dB
	No combining, 2 tries 

	
	Meets the baseline
	-9 dB
	3 SSB combine 

	MIB reading, TDL-A 30ns, (1x2), 3 km/h, 20 RBs
	Baseline
	-10 dB
	Single SSB detection

	MIB reading, TDL-A 30ns, (1x2), 3 km/h, 12 RBs
	
	-6 dB
	Single SSB detection

	
	
	-8 dB
	No combining, 3 tries

	
	Meets the baseline
	-10 dB
	3 SSB combine 

	MIB reading, TDL-B 100ns, (1x2), 3 km/h, 20 RBs
	Baseline
	-8 dB
	Single SSB detection

	MIB reading, TDL-B 100ns, (1x2), 3 km/h, 12 RBs
	
	-3 dB
	Single SSB detection

	
	
	-5 dB
	No combining, 3 tries 

	
	Meets the baseline
	-8 dB
	4 SSB combine 

	MIB reading, TDL-C 300ns, (1x2), 3 km/h, 20 RBs
	Baseline
	-8 dB
	Single SSB detection

	MIB reading, TDL-C 300ns, (1x2), 3 km/h, 12 RBs
	
	-4 dB
	Single SSB detection

	
	
	-6 dB
	No combining, 3 tries

	
	Meets the baseline
	-8 dB
	3 SSB combine 

	MIB reading, HST single tap, FO = 834 Hz, (1x2), 20 RBs
	Baseline
	-8 dB
	Single SSB detection

	MIB reading, HST single tap, FO = 834 Hz, (1x2),  12 RBs
	
	-2 dB
	Single SSB detection

	
	
	-5 dB
	No combining, 3 tries

	
	Meets the baseline
	-8 dB
	5 SSB combine


Table 2: Summary of the MIB-reading simulations
[bookmark: _Toc135080562][bookmark: _Toc135080563][bookmark: _Toc135080746][bookmark: _Toc135080937]MIB reading is impacted by PBCH detection. The simulations show the impact of MIB reading with AWGN 3km/h and 500km/h. We can observe that the soft combining can help to mitigate the issues caused by the reduced number of PRBs.  
The number of SS-blocks required for 99% to successfully decode the PBCH is used as a performance metric.  PBCH detection error vs SNR for different number of SS-blocks. 1% detection error at -6 dB SNR after 10 or 5 SS-blocks. 
[bookmark: _Toc135080975]RAN4 to discuss about MIB reading simulation results for 3km/h and 500km/h, and the impact of soft combining.  
[bookmark: _Toc135080976]Soft combining is assumed for MIB reading.
[bookmark: _Toc135080977]Nokia has shown through our simulations that with the use of soft combining performance gains of approximately 6 dB can be achieved
Whilst we note that the method of achieving the performance gains achieved within these simulations is down to UE implementation, we note that soft combining through belief propagation or list decoding is core to the efficient decoding of 5G error correction schemes, such as an iterative LDPC decoder for PDSCH decoding, or indeed the processing of a number of decoding approaches for Polar Code (such as successive cancellation list decoding, or any other method described in [1]), as used within PBCH, UCI and PUCCH. Therefore it is unlikely that a UE capable of decoding LDPC or polar codes would be necessarily hardware resource constrained for soft combination/summing of MIB LLRs prior to polar decoding, or there would be constraints with the experience of these soft combination algorithms. 
Furthermore, we believe that the performance should be set with a margin of 2dB from the performance observed with 7 combinations, and how the UE achieves this, is up to manufacturer implementation. 
[bookmark: _Toc135080978]We propose RAN4 to introduce MIB requirements based on a performance achieved in the Nokia simulations.
[bookmark: _Toc135080979][bookmark: _Toc135080944][bookmark: _Toc135080945][bookmark: _Toc135080946][bookmark: _Toc135080947][bookmark: _Toc135080948][bookmark: _Toc135080949][bookmark: _Toc135080950][bookmark: _Toc135080951][bookmark: _Toc135080952][bookmark: _Toc135080953][bookmark: _Toc135080954][bookmark: _Toc135080955][bookmark: _Toc135080956][bookmark: _Toc135080957][bookmark: _Toc135080958][bookmark: _Toc135080959][bookmark: _Toc135080960]Feasible MIB-reading delay is selected based on soft combining results. Any implementation with similar performance is allowed

[bookmark: _Toc116995848]Ongoing issues
SSB-based measurements 
We think that a reasonable starting point for < 5MHz work is to assume SSB-based intra-frequency measurements
We suggest focusing the work on SSB based intra-frequency measurements. Hence, RAN4 will develop Intra-frequency measurement requirements for less than 5MHz only based on SSB. CSI-RS based requirements can be developed later if this is being requested. The impact on the SSB-based intra-frequency measurement requirements due to <5MHz BW would potentially be on the PBCH reading.
[bookmark: _Toc135080980]RAN4 to develop SSB-based intra-frequency measurement requirements for < 5MHz.The impact on the SSB-based intra-frequency measurement requirements due to <5MHz BW would potentially be on the PBCH reading.
[bookmark: _Toc135080981]< 5MHz RAN4 work assumes SSB-based measurements only. 
[bookmark: _Toc135080982]RAN4 to prioritise SSB-based inter-frequency measurement requirements for < 5MHz

SSB-related requirements are prioritised over CSI-RS related requirements.
Currently a number of issues have impact due to higher bandwidth required by CSI-RS. We think that SSB-related requirements should be prioritised over CSI-RS related requirements.  
The following proposal applies to the CSI-RS related issues above. 
[bookmark: _Toc135080983]SSB-related requirements are prioritised over CSI-RS related requirements.
RLM requirements

[bookmark: _Toc135080984]In the issue Issue 1-7 and Issue 1-9, PDCCH transmission parameters Aggregation level (CCE) is 8 or 4 and Bandwidth (PRBs) is 24 in 8.1.2 Requirements for SSB based radio link monitoring. RAN4 can discuss whether to emphasize more reducing aggregation level due to reduced transmission bandwidth or to increase number of control OFDM symbols from 2 to 3 to mitigate the impact from the reduced transmission bandwidth.
[bookmark: _Toc135080985]RAN4 to discuss PDCCH transmission parameters changes (TS 38.133: 8.1.2)Requirements for SSB based radio link monitoring in rel-18. FFS whether to reduce aggregation level (CCE) or to increase the number of control OFDM symbols from 2 to 3
From the RLM requirements we observe they are based on 24PRBs. RAN4 will need to discuss how to develop RLM requirements when the BW is reduced and the currently assumed BW of 24PRB. Both in-sync and out-of-sync requirements would need discussing. 

[bookmark: _Toc135080986]PDCCH transmission parameters for out-of-sync evaluation is impacted by the reduced bandwidth. 
[bookmark: _Toc135080987]RAN4 to analyze how to mitigate the RLM performance loss in out-of-sync scenario.
[bookmark: _Toc135080988]PDCCH transmission parameters for in-sync evaluation is impacted by the reduced bandwidth. 
[bookmark: _Toc135080989]RAN4 to analyze how to mitigate the RLM performance loss in In-sync scenario.
[bookmark: _Toc135078658][bookmark: _Toc135078659][bookmark: _Toc135078661][bookmark: _Toc135078662][bookmark: _Toc135078663][bookmark: _Toc135078664][bookmark: _Toc135078666][bookmark: _Toc135078667]Summary table
We propose to analyse the impact of SSB index reading and SIB reading before proceeding to define requirements. The following table summarises our view of the open issues. 
[bookmark: _Toc135080990]The following table summarizes our view of the issues: 
	Issue # 
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Issue 1-1: Impact on Idle mode Requirements
	-	SSB index reading
-	MIB reading delay

	No impact


	Issue 1-2: Impact on Inactive mode Requirements
	-	SSB index reading
-	MIB reading delay

	No impact


	Issue 1-3: Impact on Handover Requirements
	-	SSB index reading
-	MIB reading delay

	No impact


	Issue 1-4: Impact on RRC Re-establishment Requirements
	-	SSB index reading
-	MIB reading delay

	No impact


	Issue 1-5: Impact on RRC Connection Release with Redirection Requirements
	-	SSB index reading
-	MIB reading delay

	No impact


	Issue 1-7: Impact on UE RLM Requirements
	-	SSB
reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
-	CSI-RS
· reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
SSB based L1 measurements are prioritised over CSI-RS based L1-RSRP measurements 
	No impact


	Issue 1-9: Impact on UE Link Recovery Procedure Requirements
	Impact: reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	FFS: reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))


	
	Impact: reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
SSB based L1 measurements are prioritised over CSI-RS based L1-RSRP measurements 
	Impact: reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
SSB based L1 measurements are prioritised over CSI-RS based L1-RSRP measurements 

	
	Impact: reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	No impact

	
	Impact: reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
SSB based L1 measurements are prioritised over CSI-RS based L1-RSRP measurements 
	No impact

	Issue 1-13: Impact on UE L3 Intra-frequency measurements Requirements
	Impact
	No impact


	
	Prioritize SSB based L3 measurements
	Prioritize SSB based L3 measurements

	Issue 1-14: Impact on UE L3 Inter-frequency measurements Requirements

	Impact 
	No impact


	
	SSB based L1 measurements are prioritised over CSI-RS based L1-RSRP measurements
	Prioritize SSB based L3 measurements

	Issue 1-15: Impact on UE L1-RSRP Requirements
	SSB based L1 measurements are prioritised over CSI-RS based L1-RSRP measurements 
	

	[bookmark: _Hlk132890556]Issue 1-16: Impact on UE L1-SINR Requirements

	FFS if L1-SINR requirements are needed. Baseline assumption: not to define 

	No impact


	Issue 1-17: Impact on Measurement performance Requirements

	No impact
	No impact


	
	Wait Issue 1-13 and 1-14
	Wait Issue 1-13 and 1-14

	
	No impact
	No impact

	
	Impact
	Impact

	Issue 1-19: Impact on CGI

	Not not to define requirements for CGI reading as a baseline 
	No impact

	Issue 1-20: Impact on MIB/SIB

	Impact, MIB reading is FFS and simulated. 

	No impact 

	Issue 1-25: HST requirements due to 12 and 20 PRB PBCH bandwidth 

	RAN4 will work on HST requirements for NR less than 5 MHz

	FFS 



Conclusion
A couple of sentences on what was analyzed in the paper.
Observation 1: For DMRS detection, single SSB detection is sufficient for 12-RB PBCH down to –8 dB SNR. Soft combining can be left up to UE implementation
Proposal 1: Feasible operating point / delay is selected based on non-coherent or max correlation results.  Any implementation with similar performance is allowed.
Proposal 2: RAN4 to discuss about MIB reading simulation results for 3km/h and 500km/h, and the impact of soft combining.
Proposal 3: Soft combining is assumed for MIB reading.
Observation 2: Nokia has shown through our simulations that with the use of soft combining performance gains of approximately 6 dB can be achieved
Proposal 4: We propose RAN4 to introduce MIB requirements based on a performance achieved in the Nokia simulations.
Proposal 5: Feasible MIB-reading delay is selected based on soft combining results. Any implementation with similar performance is allowed
Observation 3: RAN4 to develop SSB-based intra-frequency measurement requirements for < 5MHz.The impact on the SSB-based intra-frequency measurement requirements due to <5MHz BW would potentially be on the PBCH reading.
Proposal 6: < 5MHz RAN4 work assumes SSB-based measurements only.
Proposal 7: RAN4 to prioritise SSB-based inter-frequency measurement requirements for < 5MHz
Proposal 8: SSB-related requirements are prioritised over CSI-RS related requirements.
Observation 4: In the issue Issue 1-7 and Issue 1-9, PDCCH transmission parameters Aggregation level (CCE) is 8 or 4 and Bandwidth (PRBs) is 24 in 8.1.2 Requirements for SSB based radio link monitoring. RAN4 can discuss whether to emphasize more reducing aggregation level due to reduced transmission bandwidth or to increase number of control OFDM symbols from 2 to 3 to mitigate the impact from the reduced transmission bandwidth.
Proposal 9: RAN4 to discuss PDCCH transmission parameters changes (TS 38.133: 8.1.2)Requirements for SSB based radio link monitoring in rel-18. FFS whether to reduce aggregation level (CCE) or to increase the number of control OFDM symbols from 2 to 3
Observation 5: PDCCH transmission parameters for out-of-sync evaluation is impacted by the reduced bandwidth.
Proposal 10: RAN4 to analyze how to mitigate the RLM performance loss in out-of-sync scenario.
Observation 6: PDCCH transmission parameters for in-sync evaluation is impacted by the reduced bandwidth.
Proposal 11: RAN4 to analyze how to mitigate the RLM performance loss in In-sync scenario.
Proposal 12: The following table summarizes our view of the issues:
[bookmark: _Toc116995849]
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