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Introduction
RRM requirements for less than 5MHz BW are discussed in RAN4#107 and the outcomes are captured in [1]. Based on [1] the following issues need to be further discussed.
· Measurement
· RLM/BFR
· Other 
In this paper we will provide our views on RRM requirements for less than 5MHz BW.
Discussion
Measurement
	Issue 1-3: L1 Measurement requirements:
Agreement: RAN4 will define SSB-based L1 measurement requirements.
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


In our view CSI-RS based L1 measurements are important for serving cell beam management and have been supported since Rel-15, so RAN4 should define requirements for 3MHz.
Currently, the min CSI-RS BW is 24 RB for RLM, BFD and CBD, and 48 RB for L1-RSRP. RAN4 may need to update the min BW for those requirements, and evaluate whether the current accuracy can be met. As well known, measurement latency, accuracy or side condition are related to each other, and it will cause a lot of efforts if everything is re-opened. We prefer to reuse the current core requirements (latency) and also the side conditions. Likely there will be accuracy degradation due to smaller BW, and this can be discussed in the Perf part of the WI.
Proposal 1: RAN4 to define CSI-RS-based L1 measurement requirements
· Legacy core requirements are reused 
· RAN4 to discuss accuracy requirements in Perf part based on 12 PRB 
RLM/BFR
	Issue 1-5: The BW in Hypothetical PDCCH transmission parameters:
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
Issue 1-6: PDCCH transmission parameters changes:
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)
Issue 1-8: PDCCH transmission parameters for out-of-sync evaluation:
Way forward: Agree on PDCCH transmission parameters for out-of-sync evaluation as follows:
	Attribute
	Value for BLER Configuration #0

	DCI format
	1-0

	Number of control OFDM symbols
	[2] – Issue 1-6

	Aggregation level (CCE)
	[8] – Issue 1-6

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[4]dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[4]dB

	Bandwidth (PRBs)
	As agreed – Issue 1-5

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed


FFS: if same transmission parameters for 3MHz and 5MHz will be in same table or not.
Issue 1-10: PDCCH transmission parameters for In-sync evaluation:
Way forward: Agree on PDCCH transmission parameters for in-sync evaluation as follows:
	Attribute
	Value for BLER Configuration #0

	DCI payload size
	1-0

	Number of control OFDM symbols
	[2]

	Aggregation level (CCE)
	[4]

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Bandwidth (PRBs)
	As agreed – Issue 1-5

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed


FFS: if same transmission parameters for 3MHz and 5MHz will be in same table or not.


On PDCCH BW, we suggest to use 12 PRBs for all bands. It will unify the requirements for all bands and reduce the RAN4 efforts. Also, the PDCCH BW is typically an integer multiple of 6. In R15, the PDCCH BW is different for SSB and CSI-RS based RLM because CSI-RS BW is likely to be larger than SSB. Now since the overall BW is limited, we suggest to use the same PDCCH BW for SSB and CSI-RS based RLM.
With 12 (or 15) PRB BW, it is not possible to support AL8 as in current assumption for OOS even with 3 OS for CORESET. We suggest to use AL4 for OOS, and for IS we are open to further discussion. Current assumption for IS is AL4, which is same as the new AL for OOS, so RAN4 can discuss whether to reuse AL4 for IS or reduce it to AL2. 
Using 3 OS duration cannot enable using AL8 even with 15 PRB, and suing 2 OS can already enable AL4. Therefore, we do not see strong motivation to increase the PDCCH duration to 3OS. 
Proposal 2: For SSB and CSI-RS based RLM for 3MHz CBW
· hypothetical PDCCH BW is 12 PRB 
· hypothetical PDCCH aggregation level is 4/[TBD] for OOS/IS
· hypothetical PDCCH symbol number is 2 
	Issue 1-7: RLM OOS evaluation period:
Way forward: FFS For SSB-based OOS in 3MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz
Agreement: For SSB-based OOS in 5MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz
Way forward: For CSI-RS based OOS in 3MHz and 5MHz
-	Option 1: Legacy OOS evaluation period
-	Option 2: Extend the CSI-RS based RLM evaluation period TEvaluate_out_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other
Issue 1-9: RLM IS evaluation period:
Way forward: FFS for SSB-based IS in 3MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_in_SSB for CBW less then 5MHz
Agreement: For SSB-based IS in 5MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_in_SSB for CBW less then 5MHz
Way forward: For CSI-RS based IS in 3MHz and 5MHz
-	Option 1: Legacy IS evaluation period
-	Option 2: Extend the CSI-RS based RLM evaluation period TEvaluate_in_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other


As discussed above, measurement latency, accuracy or side condition are related to each other, and it will cause a lot of efforts if everything is re-opened. We prefer to reuse the current core requirements (latency). The side condition anyway needs to revisited because Qout/Qin levels are depending on the PDCCH parameters, and measurement accuracy for RLM is reflected in the testing margin, so RAN4 needs to discuss Qout/Qin level and margin for testing in Perf part.
Proposal 3: For both SSB and CSI-RS based RLM (both OOS and IS), existing evaluation period requirements are reused. RAN4 to discuss Qout/Qin level and margin for testing in Perf part.
	Issue 1-11: The BW in Hypothetical PDCCH transmission parameters:
Agreement: For 3MHz case, and band n100 the BW is 12PRBs for SSB based Link recovery procedure. FFS for other bands with 3MHz CBW 
Agreement: For 5MHz case the BW is 24PRBs for SSB based Link Recovery Procedure
Issue 1-13: PDCCH transmission parameters for beam failure instance:
Way forward: Agree on PDCCH transmission parameters for beam failure instance:
	Attribute
	Value for BLER

	DCI format
	1-0

	Number of control OFDM symbols
	[2] – Issue 1-6

	Aggregation level (CCE)
	[8] – Issue 1-6

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Bandwidth (PRBs)
	As agreed – Issue 1-11

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed


FFS: if same transmission parameters for 3MHz and 5MHz will be in same table or not.


BFS is quite similar to RLM OOS, so we suggest to apply the same conclusion on the PDCCH parameters.
Proposal 4: For SSB and CSI-RS based BFD for 3MHz CBW
· hypothetical PDCCH BW is 12 PRB 
· hypothetical PDCCH aggregation level is 4
· hypothetical PDCCH symbol number is 2 
	Issue 1-12: Beam Failure Detection evaluation period:
Way forward: FFS for SSB-based BFD in 3MHz, RAN4 will keep the existing SSB based BFD evaluation periods TEvaluate_BFD_SSB for CBW less then 5MHz
Agreement: For SSB-based BFD in 5MHz, RAN4 will keep the existing SSB based BFD evaluation periods TEvaluate_BFD_SSB for CBW less then 5MHz
Way forward: For CSI-RS based BFD in 3MHz and 5MHz
-	Option 1: Legacy BFD evaluation period
-	Option 2: Extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for BFD for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other
Issue 1-14: Candidate beam detection evaluation period:
Way forward: FFS for SSB-based CBD in 3MHz, RAN4 will apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW less then 5MHz.
Agreement: For SSB-based CBD in 5MHz, RAN4 will apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW less then 5MHz.
Way forward: For CSI-RS based CBD in 3MHz and 5MHz
-	Option 1: Legacy CBD evaluation period
-	Option 2: 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
-	Option 3: Other


Same as the evaluation period for RLM, we suggest to reuse the current requirements (latency) and further discuss the Qout level and margin for testing in Perf part.
Proposal 5: For both SSB and CSI-RS based BFD/CBD, existing evaluation period requirements are reused. RAN4 to discuss Qout level and margin for testing in Perf part.
Other 
	Issue 1-16: Soft Combining
Way forward: Soft Combining
-	Companies are encouraged to collect simulation results with and without soft combining to assess the performance impacts and make the decision then.


Simulation assumption for PBCH decoding is agreed in [2], and our additional results are shown in Table 1. 
Table 1: Number of samples for PBCH decoding with 12 PRBs (99% decoding rate)
	SINR
	AWGN
	TDL A 30ns
	TDL B 100ns
	TDL C 300ns
	HST

	-8dB
	3
	NA
	NA
	NA
	4

	-6dB
	2
	10
	10
	13
	2

	-4dB
	1
	7
	6
	8
	1

	-2dB
	1
	5
	5
	5
	1

	0db
	1
	4
	3
	4
	1

	2db
	1
	3
	3
	3
	1


Our results above are based on single shot decoding without soft combining. In our understanding, the R15 requirements are derived based on single shot decoding, and we should use the same assumption.
Proposal 6: Requirements for SBI reading and PBCH decoding are derived based on the assumption of single shot measurement.
	Issue 1-17: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command
Way forward: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command
-	Option 1: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command
-	Option 2: BW for PBCH (e.g., 12 PRBs) of target cell need not be provided to UE in HO command
-	Option 3: FFS


We understand provision of PBCH BW of target cell in HO command is not needed.
Based on discussion last meeting, the motivation of providing PBCH BW of target cell in HO command is to allow UE to know whether PBCH is punctured in the target cell or not, so that UE can better decode the PBCH. We agree such information is needed by the UE, but as commented by some companies, the sync raster is different for less than 5MHz channel, so UE can tell the CBW without additional information.
Proposal 7: BW for PBCH (e.g., 12 PRBs) of target cell need not be provided to UE in HO command.
	[bookmark: _Hlk135240848]Issue 1-18: Use side condition Es/Iot≥-4 dB for NR target cell detection
Way forward: Use side condition Es/Iot≥-4 dB for NR target cell detection
-	Option 1: Use side condition Es/Iot≥-4 dB for target NR cell detection for RRC connection re-establishment and RRC connection release with re-direction
-	Option 2: Other


The current requirements for re-establishment and re-direction includes a component of TSI, e.g.
	The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE sends PRACH to the target PCell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

……
TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target NR cell.


It is unclear if the PBCH decoding time is included in TSI or not. If so, core requirements for re-establishment and re-direction may not need to be updated for less than 5MHz because TSI is not defined explicitly in the core part but only in the test requirements.
We suggest RAN4 to first clarify whether core requirements for re-establishment and re-direction needs to be updated for less than 5MHz before discussing the side condition.
Proposal 8: RAN4 to discuss whether core requirements for re-establishment and re-direction needs to be updated for less than 5MHz.
Conclusions
In this paper we provided our views on RRM requirements for less than 5MHz BW.
Proposal 1: RAN4 to define CSI-RS-based L1 measurement requirements
· Legacy core requirements are reused 
· RAN4 to discuss accuracy requirements in Perf part based on 12 PRB 
Proposal 2: For SSB and CSI-RS based RLM for 3MHz CBW
· hypothetical PDCCH BW is 12 PRB 
· hypothetical PDCCH aggregation level is 4/[TBD] for OOS/IS
· hypothetical PDCCH symbol number is 2 
Proposal 3: For both SSB and CSI-RS based RLM (both OOS and IS), existing evaluation period requirements are reused. RAN4 to discuss Qout/Qin level and margin for testing in Perf part.
Proposal 4: For SSB and CSI-RS based BFD for 3MHz CBW
· hypothetical PDCCH BW is 12 PRB 
· hypothetical PDCCH aggregation level is 4
· hypothetical PDCCH symbol number is 2 
Proposal 5: For both SSB and CSI-RS based BFD/CBD, existing evaluation period requirements are reused. RAN4 to discuss Qout level and margin for testing in Perf part.
Proposal 6: Requirements for SBI reading and PBCH decoding are derived based on the assumption of single shot measurement.
Proposal 7: BW for PBCH (e.g., 12 PRBs) of target cell need not be provided to UE in HO command.
Proposal 8: RAN4 to discuss whether core requirements for re-establishment and re-direction needs to be updated for less than 5MHz.
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