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1. Introduction
In last RAN4 #107 meeting, the WF of spectrum less than 5MHz was agreed in [1]. RAN1 sent LS to RAN4 in [2], as duplicated below. In this contribution, we continue discussion about the RRM impacts for the spectrum less than 5MHz, mainly focusing on the remaining issues from last meeting. 
	RAN1 thanks RAN4 for providing the reply LS in [1] with answers to RAN1’s questions. RAN1 has discussed the questions from RAN4 and would like to provide the following responses:
RAN4’s question #1: For 3 MHz channel bandwidth, it was observed that the choice of the PBCH puncturing will impact the choice of finer synchronization raster. Therefore, RAN4 would like to ask RAN1 how PBCH within SSB will be punctured? 
RAN1’s reply #1: At RAN1#112, RAN1 reached the following Working Assumption, that was later confirmed to be an agreement at RAN1#113:
	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


RAN4’s question #2: Finally, RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.
RAN1’s reply #2: At RAN#99, as indicated in [2], it was agreed that:
	· 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
· 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.


Furthermore, at RAN1#113 it was agreed that the number of RBs in the SSB with punctured PBCH is 12 PRBs for 3 MHz channel bandwidth in all bands, and the four upper and lower PRBs of the 20-PRB PBCH are punctured. 
	Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.
Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6





2. Radio Link Monitoring
Issue 1-5: The BW in Hypothetical PDCCH transmission parameters:
The agreements in last meeting were:
	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



RAN1 agreed that,
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 

For less than 5MHz BW, both SSB based and CSI-RS based RLM requirement would be impacted.
(1)for 3MHz CBW, 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) for 3MHz CBW, CSI-RS based OOS/IS evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)).	
(3) for 5MHz CBW, 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)).
The max channel utilization 15 PRBs as already agreed in RAN1/RAN4. Thus, the hypothetical BW in PDCCH transmission parameters can be reduced to 12PRBs for SSB based RLM and 15PRBs for CSI-RS based RLM; or it’s also feasible to define the hypothetical BW in PDCCH transmission parameters as 15PRBs for both SSB based and CSI-RS based RLM. 
For 5MHz case, the max CBW can reach 24PRBs (at least 90% channel utilization rate) even though the PBCH transmission is 20PRBs. Thus, the legacy hypothetical BW in PDCCH transmission parameters for SSB based RLM doesn’t need to change, while the hypothetical BW in PDCCH transmission parameters for CSI-RS based RLM can be reduced to 24PRBs.
In RAN1 reply LS, it captured that “at RAN1#113 it was agreed that the number of RBs in the SSB with punctured PBCH is 12 PRBs for 3 MHz channel bandwidth in all bands, and the four upper and lower PRBs of the 20-PRB PBCH are punctured”; and for CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported. Thus, to simplify the requirement, for 3MHz case for all the band, the BW is 12PRBs for both SSB based and CSI-RS based RLM.

Proposal 1: For 3MHz case of all bands, the hypothetical BW in PDCCH transmission parameters can be reduced to 12PRBs for both SSB based RLM and CSI-RS based RLM.

Proposal 2: For 5MHz CBW, the hypothetical BW in PDCCH transmission parameters for CSI-RS based RLM can be reduced to 24PRBs.

Issue 1-6: PDCCH transmission parameters changes:

The agreements in last meeting were:
	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)



RAN1 agreed that,
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 

	CBW
	AL (CCE num)
	Symbol num
	PDCCH RBs on each symbol

	3MHz (PDCCH on 12PRBs)
	8
	2
	24 PRBs

	
	8
	3
	16 PRBs

	
	4
	2
	12PRBs

	
	4
	3
	8PRBs

	5MHz (PDCCH on 24PRBs)
	8
	2
	24 PRBs



Proposal 3: For the AL and symbol number in PDCCH transmission parameters in RLM OOS:
· For 3MHz CBW, AL=4 is adopted, and no need to change current symbol number (symbol_num=2).
· For 5MHz CBW, no need to change current AL (AL=8) and symbol number (symbol_num=2).

RLM OOS/IS evaluation period:

	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




Regarding the evaluation period for SSB-based OOS/IS, since the BW of SSS in SSB is not reduced, the existing requirement can still be applied. However, when CSI-RS is used for OOS/IS evaluation, the existing requirement was defined as:
	[image: ]


When 5MHz CBW is used, there is no impact to the CSI-RS based OOS/IS evaluation period. When 3MHz CBW is used, the max BW used for CSI-RS is 15PRBs, and therefore the CSI-RS based OOS/IS evaluation period shall be revisited for the CSI-RS BW=15PRBs. In last meeting, companies proposed one option of extension for OOS/IS, we are supportive for that solution.
Proposal 4: For the OOS/IS evaluation period in RLM:
· Existing SSB-based OOS/IS evaluation period can be reused for both 3MHz CBW and 5MHz CBW. 
· Existing CSI-RS-based OOS/IS evaluation period can be reused for 5MHz CBW. 
· CSI-RS-based OOS/IS evaluation period shall be extended by factor of 1.5 for 3MHz CBW (option 2 in last meeting):
· Extend the CSI-RS based RLM OOS evaluation period TEvaluate_out_CSI-RS for CBW less than 5MHz, where Mout = [30] (=1.5*20) for CSI-RS within the channel bandwidth below 24RB
· Extend the CSI-RS based RLM IS evaluation period TEvaluate_in_CSI-RS for CBW less than 5MHz, where Min = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB
Based on the above proposals 1~4, the PDCCH transmission parameters for OOS/IS can be different between 5MHz case and 3MHz case.
Proposal 5: the hypothetical PDCCH transmission parameters for 3MHz CBW and 5MHz CBW can be different:
· Existing PDCCH transmission parameters for OOS/IS can be reused for 5MHz CBW. 
· PDCCH transmission parameters for OOS/IS for 3MHz CBW can be revised based on above proposal 1~4.
3. Link Recovery Procedures
Like in RLM analysis, the change to the BFD requirement due to less than 5MHz can be as same as for RLM requirement. However, CSI-RS based CBD evaluation period needs to be investigated when the CBS is 3MHz. In the agreement from last meeting, the parameter revision agreed in RLM OOS can be reused for BFD.
Proposal 6: the agreements made for RLM OOS can be applied also for BFD procedure.
BFD/CBD evaluation period
Similar as RLM, regarding the evaluation period for SSB-based BFD and CBD, since the BW of SSS in SSB is not reduced, the existing requirement can still be applied. Regarding the evaluation period for CSI-RS-based BFD and CBD, the same factor can be applied to extend the evaluation period.
Proposal 7: similar as RLM, for the BFD/CBD evaluation period:
· Existing SSB-based BFD and CBD evaluation period can be reused for both 3MHz CBW and 5MHz CBW. 
· Existing CSI-RS-based BFD and CBD evaluation period can be reused for 5MHz CBW. 
· CSI-RS-based BFD evaluation period shall be extended by factor of 1.5 for 3MHz CBW (option 2 in last meeting):
· Extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less than 5MHz, where MBFD = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB.
· Extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less than 5MHz, where MCBD = [5] (=1.5*3) for CSI-RS within the channel bandwidth below 24RB.
4. Impact on Handover Requirements
The agreements in last meeting were:
	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



Since the SSB index reading performance will be impacted due to 12 PRB scenario, it would be desirable if network can indicate such PBCH reduction when triggering the HO, e.g., in the HO command. After got such 12PRB PBCH information, UE can accordingly implement the different SSB index acquisition scheme at the receiver side. Especially if legacy UE can also exist on such carrier, it can help UE to avoid degradation for SSB index performance. 
Proposal 8: The reduced BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command. 
5. Side Conditions
The agreements in last meeting were:
	[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 side condition for RRC connection re-establishment and release in the existing spec are:
UE Re-establishment delay requirement
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RRC Connection Release with Redirection
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To summarize, in current spec, the SINR side condition for intra-frequency re-establishment requirement is: -6dB, while for inter-frequency re-establishment requirement is: -4dB. The SINR side condition for RRC Connection Release requirement is: -4dB. We think the same side condition shall be reused for less than 5MHz case.
Proposal 9: Reuse existing side condition Es/Iot for target NR cell detection for RRC connection re-establishment and RRC connection release with re-direction, i.e.,
-	Es/Iot≥-4 dB for target NR cell detection for inter-frequency RRC connection re-establishment and RRC connection release with re-direction
-	Es/Iot≥-6 dB for target NR cell detection for intra-frequency RRC connection re-establishment
6. Conclusion
In this contribution, we discuss the RRM impacts for the spectrum less than 5MHz. 
Proposal 1: For 3MHz case of all bands, the hypothetical BW in PDCCH transmission parameters can be reduced to 12PRBs for both SSB based RLM and CSI-RS based RLM.

Proposal 2: For 5MHz CBW, the hypothetical BW in PDCCH transmission parameters for CSI-RS based RLM can be reduced to 24PRBs.

Proposal 3: For the AL and symbol number in PDCCH transmission parameters in RLM OOS:
· For 3MHz CBW, AL=4 is adopted, and no need to change current symbol number (symbol_num=2).
· For 5MHz CBW, no need to change current AL (AL=8) and symbol number (symbol_num=2).

Proposal 4: For the OOS/IS evaluation period in RLM:
· Existing SSB-based OOS/IS evaluation period can be reused for both 3MHz CBW and 5MHz CBW. 
· Existing CSI-RS-based OOS/IS evaluation period can be reused for 5MHz CBW. 
· CSI-RS-based OOS/IS evaluation period shall be extended by factor of 1.5 for 3MHz CBW (option 2 in last meeting):
· Extend the CSI-RS based RLM OOS evaluation period TEvaluate_out_CSI-RS for CBW less than 5MHz, where Mout = [30] (=1.5*20) for CSI-RS within the channel bandwidth below 24RB
· Extend the CSI-RS based RLM IS evaluation period TEvaluate_in_CSI-RS for CBW less than 5MHz, where Min = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB

Proposal 5: the hypothetical PDCCH transmission parameters for 3MHz CBW and 5MHz CBW can be different:
· Existing PDCCH transmission parameters for OOS/IS can be reused for 5MHz CBW. 
· PDCCH transmission parameters for OOS/IS for 3MHz CBW can be revised based on above proposal 1~4.

Proposal 6: the agreements made for RLM OOS can be applied also for BFD procedure.
Proposal 7: similar as RLM, for the BFD/CBD evaluation period:
· Existing SSB-based BFD and CBD evaluation period can be reused for both 3MHz CBW and 5MHz CBW. 
· Existing CSI-RS-based BFD and CBD evaluation period can be reused for 5MHz CBW. 
· CSI-RS-based BFD evaluation period shall be extended by factor of 1.5 for 3MHz CBW (option 2 in last meeting):
· Extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less than 5MHz, where MBFD = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB.
· Extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less than 5MHz, where MCBD = [5] (=1.5*3) for CSI-RS within the channel bandwidth below 24RB.

Proposal 8: The reduced BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command. 
Proposal 9: Reuse existing side condition Es/Iot for target NR cell detection for RRC connection re-establishment and RRC connection release with re-direction, i.e.,
-	Es/Iot≥-4 dB for target NR cell detection for inter-frequency RRC connection re-establishment and RRC connection release with re-direction
-	Es/Iot≥-6 dB for target NR cell detection for intra-frequency RRC connection re-establishment
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The target NR cell shall be considered detetable when for each relevant SSB, the side conditions should be met that,

- the conditions of SSB_RP and SSB Es/Iot according to Annex B.2.5 for a corresponding NR Band are fulfilled.
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The values of Mow and Mi, used in Table 8.1.3.2-1, Table 8.1.3.2-2, Table 8.1.3.2-3 and Table 8.1.3.2-4 are defined as:

- Mou =20 and Min = 10, if the CSI-RS resource configured for RLM is transmitted with higher layer CSI-RS
parameter density [6, clause 7.4.1] setto 3 and over the bandwidth > 24 PRBs.
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The intra-frequency target NR cell shall be considered detectable if each relevant SSB can satisfy that:

- SS-RSRP related side conditions given in clause 10.1.2 and 10.1.3 are fulfilled for a corresponding NR Band for
FR1 and FR2, respectively, and

- the conditions of SSB_RP and SSB Es/Iot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
The inter-frequency target NR cell shall be considered detectable when for each relevant SSB:

- SS-RSRP related side conditions given in clause 10.1.4 and 10.1.5 are fulfilled for a corresponding NR Band for
FR1 and FR2, respectively, and

- the conditions of SSB_RP and SSB Es/Iot according to Annex B.2.3 for a corresponding NR Band are fulfilled.




