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In this contribution, we look at the RRM requirements that may be impacted due to introduction of NR in less than 5 MHz bandwidth. 
Discussion
Following issues are open after last meeting discussions. 
Open issues on impact to RRM requirements
Impact on UE L1-RSRP Requirements
In last meeting it was agreed to define SSB based L1-RSRP measurement requirements. However, CSI-RS based L1-RSRP requirements are FFS. 
Way forward: Define CSI-RS-based measurement requirements
-	Option 1: RAN4 will define CSI-RS-based L1 measurement requirements
-	Option 2: RAN4 will not define CSI-RS-based L1 measurement requirements in this release
Though we think many NW implementation prefer configuring CSI RS based L1-RSRP than SSB based L1-RSRP, considering RAN4 workload, we are fine to not define CSI-RS based L1-RSRP requirements.
Proposal 1:  RAN4 not to define CSI-RS based L1-RSRP measurement requirements
[bookmark: _Toc5952573]Impact on SSB Index reading
We consider following simulation parameters as baseline and simulated changing different parameters and we present our observations in these sections.   
Simulation assumption: PRB 15, SNR -10:0dB; Speed: 3km/h; Channel model: TDL-A 30ns
Observations: 
Observation 1: For TDL-A 30 ns, with 15 PRB punctured SSB, at least two SSBs are required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -6 dB.
Simulation assumption: PRB 15, SNR -10:0dB; Speed: 3km/h; Channel model: TDL-B 100ns

Observation 2: For TDL-B 100 ns, with 15 PRB punctured SSB, at least two SSBs are required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -6 dB.
Simulation assumption: PRB 15, SNR -10:0dB; Speed: 3km/h; Channel model: TDL-C 300ns
Observations: 
Observation 3: For TDL-C 300 ns, with 15 PRB punctured SSB, at least two SSBs are required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -6 dB.

Based on the observations 1 to 3, we make following proposal.
Proposal 2:  For 15 PRB, at least 2 SSB are required to achieve 99% successful decoding of the SSB Index reading under SNR side condition of -6dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: AWGN
Observations: 
Observation 4: For AWGN with 12 PRB punctured SSB, at least one SSB is required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -9 dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: TDL-A 30ns
Observations: 
Observation 5: For TDL-A 30ns, with 12 PRB punctured SSB, at least 3 SSB is required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -6 dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: TDL-B 100ns
Observations: 
Observation 6: For TDL-B 100ns, with 12 PRB punctured SSB, at least 2 SSB is required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -6 dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: TDL-C 300ns
Observations: 
Observation 7: For TDL-C 300ns, with 12 PRB punctured SSB, at least 2 SSB is required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -6 dB.
From observation 5 to 7 we make following proposal.
Proposal 3:  For 12 PRB, at least 2 SSB are required to achieve 99% successful decoding of the SSB Index reading under SNR side condition of -6dB
Simulation assumption: PRB 12, SNR -10:0db; Speed: 500km/h; Channel model: HST single tap with 2*416.67Hz constant Doppler shift
Observations: 
Observation 8: For HST single tap model with 2*416.67Hz constant Doppler shift, with 12 PRB punctured SSB, at least one SSB is required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -8 dB.

Simulation assumption: PRB 15, SNR -10:0dB; Speed: 500km/h; Channel model: HST single tap with 2*416.67Hz constant Doppler shift
Observations: 
Observation 9: For HST single tap model with 2*416.67Hz constant Doppler shift, with 15 PRB punctured SSB, at least one SSB is required to achieve 99% successful decoding of the PBCH SSB Index at SNR = -8 dB.
Based on the observations 8 to 9, we make following proposal.
Proposal 4:  For 12 and 15 PRB for HST scenario, at least 1 SSB is required to achieve 99% successful decoding of the SSB Index reading under SNR side condition of -8dB.

Impact on MIB reading delay
We consider following simulation parameters as baseline and simulated changing different parameters and we present our observations in these sections.  
Simulation assumption: PRB 15, SNR -10:0dB; Speed: 3km/h; Channel model: TDL-A 30ns
Observations: 
Observation 10: For TDL-A 30ns, with 15 PRB punctured SSB, at least 6 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -4 dB. 

Simulation assumption: PRB 15, SNR -10:0dB; Speed: 3km/h; Channel model: TDL-B 100ns
Observations: 
Observation 11: For TDL-B 100ns, with 15 PRB punctured SSB, at least 5 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -4 dB.

Simulation assumption: PRB 15, SNR -10:0dB; Speed: 3km/h; Channel model: TDL-C 300ns
Observations: 
Observation 12: For TDL-C 300ns, with 15 PRB punctured SSB, at least 4 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -4 dB.
Based on the observations 8 to 10, we make following proposal.
Proposal 5:  For 15 PRB punctured SSB, 6 SSB are required to achieve 99% successful decoding of the MIB under SNR side condition of -4dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: AWGN

Observations: 
Observation 13: For AWGN, with 12 PRB punctured SSB, at least two SSBs are required to achieve 99% successful decoding of the MIB at SNR = -6 dB.
Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: TDL-A 30ns

Observations: 
Observation 14: For TDL-A 30ns, with 12 PRB punctured SSB, at least 16 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -6 dB and 8 SSBs for SNR=-4dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: TDL-B 100ns
Observations: 
Observation 15: For TDL-B 100ns, with 12 PRB punctured SSB, at least 16 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -6 dB and 8 SSBs for SNR=-4dB.
Simulation assumption: PRB 12, SNR -10:0db; Speed: 3km/h; Channel model: TDL-C 300ns
Observations: 
Observation 16: For TDL-C 300ns, with 12 PRB punctured SSB, at least 14 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -6 dB and 8 SSBs for SNR=-4dB.

Simulation assumption: PRB 12, SNR -10:0db; Speed: 500km/h; Channel model: HST single tap with 2*416.67Hz constant Doppler shift
Observations: 
Observation 17:  For HST single tap with 2*416.67Hz constant Doppler shift, with 12 PRB punctured SSB, at least 2 SSBs are required to achieve 99% successful decoding of the MIB at SNR = -6 dB.

Simulation assumption: PRB 15, SNR -10:0dB; Speed: 500km/h; Channel model: HST single tap with 2*416.67Hz constant Doppler shift
Observations: 
Observation 18: For HST single tap with 2*416.67Hz constant Doppler shift, with 15 PRB punctured SSB, at least one SSB is required to achieve 99% successful decoding of the MIB at SNR = -6 dB.
Based on the observations 11 to 12, we make following proposal.
Proposal 6:  For 12 PRB punctured SSB, 8 SSB are required to achieve 99% successful decoding of the MIB under SNR side condition of -4dB. 
Proposal 7:  For 12 and 15 PRB for HST scenario, at least 1 SSB is required to achieve 99% successful decoding of the MIB reading under SNR side condition of -8dB.


Impact on RLM
Hypothetical PDCCH transmission parameters
Bandwidth:
In last meeting following WF is agreed. 
Agreement: For 3MHz case, and band n100 the BW is 12PRBs for SSB based RLM. FFS for other bands with 3MHz CBW 
Agreement: For 5MHz case the BW is 24PRBs for SSB based RLM
In last meeting hypothetical PDCCH BW is FFS for 3MHz in bands other than band n100. After further check of RAN1 specification, BW for PDCCH hypothetical BW is configured in multiple of 6 PRBs. That means it can be configured either as 6, 12 or 18, etc. For bands other than n100, maximum transmission BW is 15/16 PRB. Since 18 PRB are not allowed for other bands due to max transmission being 15 PRB, RAN4 can agree on 12 PRB for other bands as well. 
Proposal 8:  For 3MHz case, for band n100 and other bands, the BW is 12PRBs for SSB based RLM.
Aggregation level for PDCCH transmission parameters:
In last meeting following WF is agreed.
Way forward: Reduce aggregation level (CCE) or to increase the number of control OFDM symbols from 2 to 3
-	Option 1: Agree (please include further details)
-	Option 2: Other (please describe detailed proposal)
Aggregation level 8 means 8 CCE. Since each CCE contains 72 RE, 8 CCE have 576 RE. 576/12=48PRB and with two symbols it is 24 PRB per symbol. For 12 PRB, each symbol has 144 RE if we increase the number of symbols to 3, it can accommodate 432 RE. 432 RE results in aggregation level of 6 (432/72=6 CCE). However, the allowed aggregation levels from RAN1 spec are 1, 2, 4 and 8. Hence, increasing number of symbols will not help. Only other option is reducing the aggregation level to 4 so that 288 RE can be accommodated with 4 CCE (72*4=288). 
Proposal 9:  RAN4 to agree on reducing aggregation level to 4 for PDCCH transmission parameters for 3MHz channel BW.
Evaluation period
Since the SSB are not impacted we think SSB based RL evaluation period should not be impacted and legacy evaluation period can be kept. 
Proposal 10:  For SSB-based OOS in 3MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz
Smaller CSI-RS bandwidth may affect to the channel quality measurement accuracy. One option is to extend the evaluation period by about 1.5 (≈ 24RB / 15RB) to keep the same measurement accuracy. On the other hand, in our understanding, SSB-based RLM evaluation is based on SSS. Since SSS is not punctured, we can apply the same evaluation period for SSB-based RLM.
Proposal 11:  RAN4 should extend the CSI-RS based RLM evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS and Mout = [15] (=1.5*10) for IS for CSI-RS within the channel bandwidth below 24RB.
 Link recovery procedures
Link recovery procedures mainly consists of beam failure detection and candidate beam detection.
Beam failure detection (BFD)
For the beam failure detection, RAN4 specified the evaluation period to determine the radio link quality is worse than the threshold Qout_LR and indicate the beam failure to the higher layer. The threshold Qout_LR corresponding to hypothetical PDCCH BLER of 10% with the transmission parameters shown in Table 3. The link quality is evaluated for SSB or CSI-RS according to the network configuration. 
Since the parameters and evaluation period principles are same as RLM, conclusion of RLM can be applied to BFD too.
Proposal 12:  Principles of PDCCH parameters change and evaluation period change of RLM to be applied for BFD too. 
Since the SSB are not impacted we think SSB based BFD evaluation period should not be impacted and legacy evaluation period can be kept. 
Proposal 13:  For SSB-based BFD in 3MHz, RAN4 will keep the existing SSB based BFD evaluation periods TEvaluate_BFD_SSB for CBW less then 5MHz
Smaller CSI-RS bandwidth may affect to the channel quality measurement accuracy. One option is to extend the evaluation period by about 1.5 (≈ 24RB / 15RB) to keep the same measurement accuracy. On the other hand, in our understanding, SSB-based BFD evaluation is based on SSS. Since SSS is not punctured, we can apply the same evaluation period for SSB-based BFD.
Proposal 14:  RAN4 should extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less then 5MHz, where MBFD = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB. 

Candidate beam detection (CBD)
For the candidate beam detection, RAN4 specified the evaluation period to detect one SSB or CSI-RS based beam whose L1-RSRP exceeds the threshold rsrp-ThresholdSSB signalled by the network. 
Table 5 shows the evaluation period for CSI-RS based CBD specified in TS38.133 8.5.6. For CSI-RS based CBD, the evaluation period is based on the number of CSI-RS samples (MCBD), measurement gap factor (P), CSI-RS transmission periodicity (TCSI-RS), DRX cycle length (TDRX), and sharing factor (PCBD). According to TS38.133, MCBD = 3, is derived with the assumption CSI-RS is Density = 3 and over the bandwidth ≥ 24 PRBs.
[bookmark: _Ref127451990]Table 5	CSI-RS based CBD evaluation period for FR1
	Table 8.5.6.2-1: Evaluation period TEvaluate_CBD_CSI-RS for FR1
	Configuration
	TEvaluateC_CBD_CSI-RS (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, Ceil(MCBD  P  PCBD)  TCSI-RS)

	DRX cycle > 320ms
	Ceil(MCBD  P  PCBD)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



The values of MCBD used in Table 8.5.6.2-1 and Table 8.5.6.2-2 are defined as
-	MCBD = 3, if the CSI-RS resource configured in the set [image: ] is transmitted with Density = 3 and over the bandwidth ≥ 24 PRBs.



Observation 1: CSI-RS based CBD evaluation period is derived based on the assumption CSI-RS is transmitted with 24RB.  
Smaller CSI-RS bandwidth may affect to the L1-RSRP measurement accuracy used for CBD. One option is to extend the evaluation period by about 1.5 (≈ 24RB / 15RB) to keep the same measurement accuracy. On the other hand, in our understanding, SSB-based CBD evaluation is based on SSS. Since SSS is not punctured, we can apply the same evaluation period for SSB-based CBD.
Proposal 15:  RAN4 apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW of 3MHz.
Proposal 16:  RAN4 should extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less then 5MHz, where MBFD = [5] (= 1.5*3) for CSI-RS within the channel bandwidth below 24RB. 

 L1 measurement requirements 
As a part of CSI reporting, UE shall report the L1-RSRP measurement results for the configured SSB and/or CSI-RS resources. The network configures the L1-RSRP reporting with periodic reporting with PUCCH, semi-persistent reporting with PUCCH/PUSCH, or aperiodic reporting with PUSCH. For L1-RSRP reporting, RAN4 specified the measurement period.
For SSB based L1-RSRP measurement, like SSB based RLM/BFD/CBD, UE uses SSS for L1-RSRP estimation. Since RAN1 agreed SSS is not punctured even if the transmission CBW is less than 5MHz, we propose RAN4 reuse the existing SSB based L1-RSRP measurement period requirements for the CBW less than 5MHz.
Proposal 17:  RAN4 apply the existing SSB based L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB for CBW less then 5MHz.

Summary and Conclusion
In this contribution we have analysed RAN4 aspects for NR less than 5 MHz and made following proposals. 
Proposal 1:  RAN4 not to define CSI-RS based L1-RSRP measurement requirements

SIB and MID reading
Proposal 2:  For 15 PRB, at least 2 SSB are required to achieve 99% successful decoding of the SSB Index reading under SNR side condition of -6dB.
Proposal 3:  For 12 PRB, at least 2 SSB are required to achieve 99% successful decoding of the SSB Index reading under SNR side condition of -6dB
Proposal 4:  For 12 and 15 PRB for HST scenario, at least 1 SSB is required to achieve 99% successful decoding of the SSB Index reading under SNR side condition of -8dB.


Proposal 5:  For 15 PRB punctured SSB, 6 SSB are required to achieve 99% successful decoding of the MIB under SNR side condition of -4dB.
Proposal 6:  For 12 PRB punctured SSB, 8 SSB are required to achieve 99% successful decoding of the MIB under SNR side condition of -4dB. 
Proposal 7:  For 12 and 15 PRB for HST scenario, at least 1 SSB is required to achieve 99% successful decoding of the MIB reading under SNR side condition of -8dB.


RLM:
Proposal 8:  For 3MHz case, for band n100 and other bands, the BW is 12PRBs for SSB based RLM.
Proposal 9:  RAN4 to agree on reducing aggregation level to 4 for PDCCH transmission parameters for 3MHz channel BW.
Proposal 10:  For SSB-based OOS in 3MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz
Proposal 11:  RAN4 should extend the CSI-RS based RLM evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS and Mout = [15] (=1.5*10) for IS for CSI-RS within the channel bandwidth below 24RB.


Link recovery:
Proposal 12:  Principles of PDCCH parameters change and evaluation period change of RLM to be applied for BFD too. 
Proposal 13:  For SSB-based BFD in 3MHz, RAN4 will keep the existing SSB based BFD evaluation periods TEvaluate_BFD_SSB for CBW less then 5MHz
Proposal 14:  RAN4 should extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less then 5MHz, where MBFD = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB. 
Proposal 15:  RAN4 apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW of 3MHz.
Proposal 16:  RAN4 should extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less then 5MHz, where MBFD = [5] (= 1.5*3) for CSI-RS within the channel bandwidth below 24RB.
Measurements:
Proposal 17:  RAN4 apply the existing SSB based L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB for CBW less then 5MHz.
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