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[bookmark: _Toc116995841]Introduction
RAN Plenary #99 discussed about the feature list to be considered for less than 5MHz work item, and concluded that  less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1. 

	RP-230781 Response to LS from RAN4 on spectrum less than 5 MHz 

RAN Plenary would like to thank RAN WG4 for their LS for spectrum less than 5 MHz. 
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following: 
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs.  
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels.  
· It is assumed that UE support of the <5MHz feature is band-specific and optional. 
RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1. 
 




Based on the plenary guidance it is clear that RAN4 shall develop UE requirement for the less than 5MHz work item assuming single carrier operation, excluding RedCap requirements while supporting up to 500kmh.
[bookmark: _Toc132021494]RAN4 RRM assumes single carrier operation 
[bookmark: _Toc132021495]RAN4 RRM assumes that RedCap is not assumed as a baseline for <5MHz  
[bookmark: _Toc132021496]RAN4 to consider RRM impact to speeds up to 500km/h  
This analyses RRM requirements and provides preliminary simulations on DMRS detection and MIB reading with and without soft combining. In this paper we look at the impact on the UE RRM requirements accounting this new guidance.
[bookmark: _Toc116995848]Discussion
The following figure captures the expected RRM impact on < 5MHz WI. To summarise, no impact is expected on PSS and SSS detection as the PSS and SSS is not impacted by the BWs under consideration. The possible impact on the RRM requirements Issues 3, 4, 5, 13 and 14 are studied for SSB index reading time. PBCH and MIB decoding are considered also, in issues 4 and 5.  
[image: ]
Figure 1: Illustration of expected RRM impact on UE procedures

Transmission bandwidth of 12RB for PBCH 
	RP- 230780 Response to LS from RAN1 on transmission bandwidths for NR on dedicated spectrum less than 5 MHz
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.




RP #99 agreed to support PBCH transmission bandwidth of 12 PRBs for the band n100 and therefore, RAN4 RRM requirements should also consider the PBCH impact of 12RB on PBCH. 
[bookmark: _Toc132021497]For the 3MHz channel bandwidth in band n100: PBCH transmission bandwidth is 12 PRBs
[bookmark: _Toc132021498]5MHz channel bandwidth: PBCH transmission bandwidth is 20 PRBs
The PBCH occupies bandwidth of 3.6 MHz, or 20 RBs, and PBCH needs to be narrowed down to the desired transmission bandwidth. The exact PBCH adaptation scheme needs to be agreed by RAN1, and RAN1 agreed on RB-level PBCH puncturing as a working assumption. Although the scheme is not yet finalized, RAN4 should consider the impact of 12 RB for PBCH already.
[bookmark: _Toc132021499]Develop RRM requirements for PBCH transmission bandwidth of 12 PRBs
[bookmark: _Toc132021500][bookmark: _Toc131843114][bookmark: _Toc131843115][bookmark: _Toc131843116][bookmark: _Toc131843117][bookmark: _Toc131843118][bookmark: _Toc131843119][bookmark: _Toc131843120][bookmark: _Toc131843121][bookmark: _Toc131843122]Develop RRM requirements for PBCH transmission bandwidth of 20 PRBs

SSB index reading related issues
A common nominator for a number of issues is the SSB index reading. We think RAN4 should study the reduced bandwidth impact by simulations and aim to mitigate the impact due to reduced BW. For the 12 RB case, it seems that there are two main options to mitigate the impact, either to use power boosting, or to use soft combining. We think that both approaches should be evaluated for 3km/h and 500km/h scenarios. We propose to use simulation assumptions described in the Appendix A. In the latter part of this paper, we provide preliminary simulations for DMRS detection with and without 
[bookmark: _Toc132021501]RAN4 to study SSB index reading with simulations for the next meeting 
PBCH BW reduction to 12 RBs will impact SSB index reading. We performed preliminary simulations to see the impact of this. The simulations are performed with the assumptions in Appendix A. 
[image: ]
Figure 2: PBCH DMRS DETECTION 1 slot reading TDL-A30ns simulation results for 3km/h and 500km/h
It can be observed from the above figure that PBCH DMRS detection with 1 slot reading (TDL-A30ns) will affect the SSB index reading. To mitigate this impact, we propose that soft combining is studied further of detection metrics over multiple SSBs to be studied in the bandwidths below 20RBs. 
; where  For carrier frequencies <= 1 GHz and carrier bandwidth < 5 MHz, (TS 38.213 Section 4.1) 

[bookmark: _Toc132021502]Soft combining approach is studied for 12RB SSB index reading. 
A number of issues, namely, Issue 1-3, Issue 1-5, Issue 1-13, Issue 1-14 have similarities due to SSB index reading. 
Issue 1-5: Impact on RRC Connection Release with Redirection Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	RRC Connection Release with Redirection 
	Redirection delay requirement: FFS if PBCH BW reduction will impact SSB index reading during Redirection  
	No impact identified yet 
FFS 
 



[bookmark: _Toc132021503]RAN4 to analyse PBCH BW reduction impact on SSB index reading 
Issue 1-3: Impact on Handover Requirements
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Handover Requirements 
	HO requirement: FFS if PBCH BW reduction will impact SSB index reading during Tsearch 
FFS  
	No impact identified yet 
FFS 
 



Only FR1-FR1 handover can be expected. SSB index reading impact can be discussed independently from the handover requirements. Otherwise, we did not identify changes on issue 1-3 that would be required due to reduced bandwidth.  
[bookmark: _Toc132021504]RAN4 to analyse PBCH BW reduction impact on SSB Index reading during handover
[bookmark: _Toc132021505]No other changes to handover requirements are needed. 
Issue 1-13: Impact on UE Intra-frequency measurements Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Intra-frequency measurements 
	SSB based Cell identification/measurement delay:  
FFS SSB index reading delay due to reduced BW of PBCH DMRS 
CSI-RS based L3 measurement delay: 
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs) 
 
CGI reading with autonomous gaps and SFTD: 
FFS on the reduced BW for MIB and SIB1 
Other measurement requirement: No impact 
FFS 
	SSB based Cell identification/measurement delay: No impact 
CSI-RS based L3 measurement delay: 
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs) 
CGI reading with autonomous gaps: 
No impact (current band n100, n8, n26 and n28 has min BW=5MHz) 
Other measurement requirement: No impact 
FFS 



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: _Toc132021506]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: _Toc132021507]< 5MHz RAN4 work assumes SSB-based measurements only. 

Issue 1-14: Impact on UE Inter-frequency measurements Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Inter-frequency measurements 
	SSB based Cell identification/measurement delay:  
FFS SSB index reading delay due to reduced BW of PBCH DMRS 
CSI-RS based L3 measurement delay: 
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs) 
CGI reading with autonomous gaps and SFTD: 
FFS on the reduced BW for MIB and SIB1 
Other measurement requirement: No impact 
 
	SSB based Cell identification/measurement delay:  No impact 
CSI-RS based L3 measurement delay: 
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs) 
CGI reading with autonomous gaps: 
No impact (current band n100, n8, n26 and n28 has min BW=5MHz) 
Other measurement requirement: No impact 
FFS 



[bookmark: _Toc132021508]RAN4 to prioritise SSB-based inter-frequency measurement requirements for < 5MHz
RLM requirements 

Issue 1-7: Impact on UE RLM Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	RLM 
	(1)Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)). 
(2)CSI-RS based OOS/IS evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)). 
FFS 
	Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)). 
FFS 


 

[bookmark: _Toc132021509]Issue 1-7, Issue 1-9, Issue 1-x, 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: _Toc132021510]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: _Toc132021511]PDCCH transmission parameters for out-of-sync evaluation is impacted by the reduced bandwidth. 
[bookmark: _Toc132021512]RAN4 to analyze how to mitigate the RLM performance loss in out-of-sync scenario.
[bookmark: _Toc132021513]PDCCH transmission parameters for in-sync evaluation is impacted by the reduced bandwidth. 
[bookmark: _Toc132021514]RAN4 to analyze how to mitigate the RLM performance loss in In-sync scenario.
Issues where no impact is expected 
This section discusses the issues where no impact is expected, or where the impact can be analysed and/or simulated independently. 
Issue 1-4: Impact on RRC Re-establishment Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	RRC Re-establishment 
	Re-establishment delay requirement: FFS if PBCH BW reduction will impact SSB index reading during Reestablishment  
FFS 
	No impact identified yet 
FFS 
 



[bookmark: _Toc131843149][bookmark: _Toc132021515]No change required in impact on RRC Re-establishment Requirements in rel-18. SSB Index reading can be discussed separately
Issue 1-6: Impact on UE Transmit timing Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	UE Transmit timing 
	No impact identified yet 
FFS 
	No impact identified yet 
FFS 
 



We looked into transmit timing requirements and no impact was identified. 
[bookmark: _Toc132021516]No change required in impact on UE Transmit timing Requirement in rel-18.  




Out of scope issues 
This section discusses the issues which are considered to be out of scope based on the latest understanding from RAN Plenary. The issues shall be, at least, out of scope of rel-18. 
Issue 1-1: Impact on Idle mode Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Idle mode Requirements 
	FFS: EMR measurement with SSN index reading (section: 4.4.2.2 Measurements of inter-frequency CA/DC candidate cells) 
FFS 
	No impact identified yet 
FFS 
 



[bookmark: _Toc132021517]Based on RAN plenary agreement, single carrier operation should be assumed. Therefore, DC/CA is out of scope of rel-18 work. 
[bookmark: _Toc132021518]DC/CA is out of scope so no impact on idle mode RRM requirements in rel-18  
Issue 1-2: Impact on Inactive mode Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Inactive mode Requirements 
	FFS: EMR measurement with SSN index reading (section: 4.4.2.2 Measurements of inter-frequency CA/DC candidate cells) 
	No impact identified yet 
FFS 
 



[bookmark: _Toc132018662][bookmark: _Toc132018663][bookmark: _Toc132018664][bookmark: _Toc132021519]DC/CA is out of scope so no impact on inactive mode RRM requirements in rel-18  
Issue 1-8: Impact on UE SCell Activation delay Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	SCell Activation delay 
	Activation delay requirement:  
(1)FFS if PBCH BW reduction will impact SSB index reading during SCell activation 
(2)FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay during SCell activation (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2) 
FFS 
	Activation delay requirement:  
FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay during SCell activation (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2) 
FFS 


 
DC-CA is out of scope so SCell activation delay requirements and UE PSCell addition requirements have no impact. 
[bookmark: _Toc132021520]DC/CA is out of scope so no impact on UE SCell Activation delay Requirements in rel-18.
Issue 1-10: Impact on UE PSCell Addition Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	PSCell Addition 
	PSCell addition: 
FFS if PBCH BW reduction will impact SSB index reading during Tsearch 
FFS 
	No impact identified yet 
FFS 
 


 
[bookmark: _Toc132021521]DC/CA is out of scope so no impact on UE PSCell Addition Requirements in rel-18.
Issue 1-12: Impact on UE SCG Activation Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	SCG Activation 
	SCG activation: 
FFS if PBCH BW reduction will impact SSB index reading during Tsearch 
 
	No impact identified yet 
FFS 


 
[bookmark: _Toc132021522]DC/CA is out of scope so no impact on UE SCG Activation Requirements in rel-18.
CSI-RS impact due to reduced BW
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.  
[bookmark: _Toc132018670][bookmark: _Toc132021523]Issue1-9, Issue1-11, Issue 1-15, Issue 1-16, Issue 1-17 have similar issue in CSI-RS BW measurement.  
Issue 1-9: Impact on UE Link Recovery Procedure Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Link Recovery Procedures (SSB based BFD, CSI-RS based BFD, SSB based CBD, CSI-RS based CBD 
	BFD: 
(1)Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)). 
(2)CSI-RS based evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)). 
CBD: 
CSI-RS based evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)). 
FFS 
	BFD: Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)). 
CBD: No impact 
FFS 
 



 Issue 1-11: Impact on UE TCI state switching Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	TCI state switching 
	FFS 
	FFS 


 
Issue 1-15: Impact on UE L1-RSRP Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	L1-RSRP 
	FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2) 
FFS 
	FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2) 
FFS 



Issue 1-16: Impact on UE L1-SINR Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	L1-SINR 
	FFS 
	FFS 



Issue 1-17: Impact on UE Measurement performance Requirements 
<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	Measurement performance requirements 
	CSI-RS based measurement accuracy: 
FFS CSI-RS based L3 measurement accuracy due to reduced CSI-RS BW (Current CSI-RS L3 measurement accuracy requirement is based on 48PRBs) 
FFS 
	CSI-RS based measurement accuracy: 
FFS CSI-RS based L3 measurement accuracy due to reduced CSI-RS BW (Current CSI-RS L3 measurement accuracy requirement is based on 48PRBs) 
FFS 



The following proposal applies to the CSI-RS related issues above. 
[bookmark: _Toc132021524]SSB-related requirements are prioritised over CSI-RS related requirements.
Issue 1-x Impact on TRP specific Link Recovery Procedures 

<Way Forward>: Further study RRM impact with the following expectations:  
	RRM Requirement 
	Approximately 3 MHz 
	Below 5 MHz 

	TRP Link Recovery Procedures (SSB based BFD, CSI-RS based BFD, SSB based CBD, CSI-RS based CBD 
	BFD: 
(1)Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)). 
(2)CSI-RS based evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)). 
CBD: 
CSI-RS based evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)). 
FFS 
	BFD: Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)). 
CBD: No impact 
FFS 
 


 
[bookmark: _Hlk131840375]The Requirements for TRP specific beam failure detection, PDCCH transmission parameters for beam failure instance require higher number (8.18.2: 24RBs SSB, and 8.18.3: 48RBs CSI-RS). Also 8.18.6 has impact due to reduced bandwidth. Furthermore, if CSI-RS is supported, 8.18.3 Requirements for CSI-RS based beam failure detection and 8.18.6: Requirements for CSI-RS based candidate beam detection is impacted due to reduced BW. 
[bookmark: _Toc132021525]8.18.2 Requirements for TRP specific SSB based beam failure detection is impacted due to reduced BW. 
[bookmark: _Toc132021526]mTRP is out of scope of WI
Issue 1-x Positioning
Similarly for idle-mode requirements, for inactive mode, single carrier operation can be assumed. In the section 5.6 NR measurements for positioning, requirements applicability PRS-RSRP related side conditions given in clause 10.1.24 are met for a corresponding Band. Current requirements for the PRS are defined with the assumption of ≥ 24 RBs. Therefore, bandwidth required to support PRS is currently beyond what the bandwidths can support in this work item. Due to the limited time, and possible RAN1 and RAN4 impact, we propose to leave positioning out of the scope of rel-18 work.  
[bookmark: _Toc132021527]NR measurements for positioning, 5.6.3.2 Requirements applicability PRS-RSRP related side conditions given in clause 10.1.24 are met for a corresponding Band. PRS BW ≥24.
Configuration of PRS with less than 24 RBs is not supported (RAN1 impact)
[bookmark: _Toc132021528]Positioning is out of scope of rel-18 work

Simulations - DMRS detection with and without soft-combining 
SSB index reading is impacted by PBCH DMRS detection. Performance metric for DMRS time index detection error probability vs SNR. Requirement: at most 1% at -2 dB SNR. One shot detection means there is no combination for different PBCHs. 

[image: ]
Figure 3: DMRS detection with TDCL-C300ns 3km/h and 500km/h. DMRS detection with 1 shot
[image: ]
Figure 3: DMRS detection with TDCL-C300ns 3km/h and 500km/h. DMRS detection with soft combining
[bookmark: _Toc132021529]Soft combining is assumed for DMRS detection
[bookmark: _Toc132021530]RAN4 to discuss about DMRS detection simulation results for 3km/h and 500km/h, and the impact of power boosting, and soft combining.  


Simulations - MIB reading with and without soft combining 

MIB reading is impacted by PBCH detection. The following 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. 
	[image: ]
	[image: ]


Figure 4: MIB reading without Soft combining, AWGN, 3km/h
 
	[image: ]
	[image: ]



Figure 5: MIB reading with soft combining 12RBs, AWGN, 3km/h and 500km/h 
[bookmark: _Toc132021531]RAN4 to discuss about MIB reading simulation results for 3km/h and 500km/h, and the impact of soft combining.  
[bookmark: _Toc132021532]Soft combining is assumed for MIB reading





Conclusion
A couple of sentences on what was analyzed in the paper.
Observation 1: RAN4 RRM assumes single carrier operation
Observation 2: RAN4 RRM assumes that RedCap is not assumed as a baseline for <5MHz
Observation 3: RAN4 to consider RRM impact to speeds up to 500km/h
Observation 4: For the 3MHz channel bandwidth in band n100: PBCH transmission bandwidth is 12 PRBs
Observation 5: 5MHz channel bandwidth: PBCH transmission bandwidth is 20 PRBs
Proposal 1: Develop RRM requirements for PBCH transmission bandwidth of 12 PRBs
Proposal 2: Develop RRM requirements for PBCH transmission bandwidth of 20 PRBs
Proposal 3: RAN4 to study SSB index reading with simulations for the next meeting
Proposal 4: Soft combining approach is studied for 12RB SSB index reading.
Proposal 5: RAN4 to analyse PBCH BW reduction impact on SSB index reading
Proposal 6: RAN4 to analyse PBCH BW reduction impact on SSB Index reading during handover
Observation 6: No other changes to handover requirements are needed.
Observation 7: 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 7: < 5MHz RAN4 work assumes SSB-based measurements only.
Proposal 8: RAN4 to prioritise SSB-based inter-frequency measurement requirements for < 5MHz
Observation 8: Issue 1-7, Issue 1-9, Issue 1-x, 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 9: 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 10: 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: No change required in impact on RRC Re-establishment Requirements in rel-18. SSB Index reading can be discussed separately
Proposal 13: No change required in impact on UE Transmit timing Requirement in rel-18.
Observation 11: Based on RAN plenary agreement, single carrier operation should be assumed. Therefore, DC/CA is out of scope of rel-18 work.
Proposal 14: DC/CA is out of scope so no impact on idle mode RRM requirements in rel-18
Proposal 15: DC/CA is out of scope so no impact on inactive mode RRM requirements in rel-18
Proposal 16: DC/CA is out of scope so no impact on UE SCell Activation delay Requirements in rel-18.
Proposal 17: DC/CA is out of scope so no impact on UE PSCell Addition Requirements in rel-18.
Proposal 18: DC/CA is out of scope so no impact on UE SCG Activation Requirements in rel-18.
Observation 12: Issue1-9, Issue1-11, Issue 1-15, Issue 1-16, Issue 1-17 have similar issue in CSI-RS BW measurement.
Proposal 19: SSB-related requirements are prioritised over CSI-RS related requirements.
Observation 13: 8.18.2 Requirements for TRP specific SSB based beam failure detection is impacted due to reduced BW.
Proposal 20: mTRP is out of scope of WI
Observation 14: NR measurements for positioning, 5.6.3.2 Requirements applicability PRS-RSRP related side conditions given in clause 10.1.24 are met for a corresponding Band. PRS BW ≥24.
Proposal 21: Positioning is out of scope of rel-18 work
Proposal 22: Soft combining is assumed for DMRS detection
Proposal 23: RAN4 to discuss about DMRS detection simulation results for 3km/h and 500km/h, and the impact of power boosting, and soft combining.
Proposal 24: RAN4 to discuss about MIB reading simulation results for 3km/h and 500km/h, and the impact of soft combining.
Proposal 25: Soft combining is assumed for MIB reading
[bookmark: _Toc116995849]


Appendix A Simulation assumptions
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	900MHz

	Subcarrier spacing
	kHz
	15 kHz; 

	Number of Tx antennas
	-
	1

	Number of Rx antennas
	-
	2 

	DMRS
	- 
	3GPP NR PBCH DMRS

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	Baseline 0.9 

	PBCH symbols within the SS block
	 
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	Baseline 0 

	PBCH power offset with respect to PBCH-DMRS
	dB
	0 

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0 

	PSS and SSS sequences
	-
	No changes expected 

	PBCH-DMRS sequences
	-
	No changes expected

	PBCH-DMRS RE positions within the PBCH resource
	-
	No changes expected except for puncturing impact

	PBCH Channel coding
	 
	No changes expected to actual Channel coding
(Polar code with 512 length and 24bit CRC)

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit (CRC 24bit) | FFS

	PBCH SNR
	dB
	-10: 0 dB, with 1 dB spacing

	Propagation Condition / Channel models
	-
	FR1:
AWGN
TDL-A 30ns
TDL-B 100ns
TDL-C 300ns

	UE speed
	 
	FR1: 3 km/h, 500 km/h

	Detection Method
	 
	One shot detection (No combination over different PBCHs)

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned
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