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[bookmark: _Toc116995841]Introduction
This paper discusses about the aggregation level for BFD and RLM as well as the existing open issues and provides simulations for AL 2 scenario. Previously performed RAN4 #107 PBCH simulations are presented in R4-2309659 and associated discussion paper from #107 in R4-2309496. Similarly, RAN4 #108 PDCCH simulations are presented in our companion simulation contribution R4-2313189. 
Related to the AL discussion, RAN1 has previously agreed about 12 PRB and 15 PRB the following:
	RAN1 Agreement in RAN1#113 
· 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
· [bookmark: _Hlk142463306]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




[bookmark: _Toc116995842]Discussion
12 RB AL for in-sync and out-of-sync scenarios
In RAN4#107 meeting, it was agreed that for SSB-based out-of-sync and in-sync evaluation, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz. Therefore, for SSB based radio link monitoring the number of samples for TEvaluate_out_SSB is 10, and for  TEvaluate_in_SSB is 5. 
For PDCCH transmission parameters for RLM and BFD the following was agreed: 
	Agreement:
PDCCH transmission parameters for RLM and BFD requirement:
· Aggregation level (CCE) for RLM OOS and BFD
· AL = 4 for 12 PRBs hypothetical PDCCH transmission BW
· AL = 8 for 15 PRBs hypothetical PDCCH transmission BW
· Note: AL 8 will be considered if it is supported by RAN1 design
· Aggregation level (CCE) for RLM IS 
· AL = [2] for 12 PRBs hypothetical PDCCH transmission BW
· AL = [4] for 15 PRBs hypothetical PDCCH transmission BW
· Number of control OFDM symbols
· 2 OFDM symbols for 12 PRBs hypothetical PDCCH transmission BW
· 3 OFDM symbols for 15 PRBs hypothetical PDCCH transmission BW




It can be noted that for 15-RB CORESET#0, the in-sync evaluation PDCCH parameter of 4 CCEs and 8 CCEs can be kept with non-interleaved mapping for IS and OOS respectively. The current CR captures the mapping as “Distributed”, which according to our understanding means “interleaved”. For 15 RB case, we propose to change the “Distributed” to non-interleaved.  In the case of 12RB, only interleaved configuration is supported, therefore the value can be kept as “Distributed”.  The Figure 1 illustrates how the puncturing impacts. The non-interleaved scenario is having less puncturing so the performance can be expected to be better. 
[image: A screenshot of a graph
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a)						b)			
[bookmark: _Ref142486064]Figure 1: 15 RB CCE to REG mapping with interleaving and non-interleaving options
[bookmark: _Toc146715579][bookmark: _Toc146713045][bookmark: _Toc146715580][bookmark: _Toc146723962]Change the parameter “Distributed” to “non-interleaved” for 15 PRB case. 
According to for out-of-sync evaluation, the PDCCH parameter pair of 8 CCEs and 2 symbols needs consideration. Keeping current parameters leads to PDCCH puncturing and transmission on 5 CCEs, with performance degradation. Alternatively, with change of 2 symbols to 3 symbols the PDCCH puncturing, and performance loss can be minimized. 
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[bookmark: _Ref146178366]Figure 2 12 RB CCE to REG mapping with interleaving

Figure 21 shows the interleaved CCE-to-REG bundle mapping for the 12-RB CORESET#0 case for both 2 and 3 OFDM symbol configurations. It can be noted for 12-RB CORESET#0 that
· CORESET#0 contains 24 or 36 REG bundles for 2 symbol and 3 symbol configurations, correspondingly. Hence AL8 PDCCH cannot be used. 
· On other hand AL4 PDCCH can be transmitted both 2 symbol and 3 symbol configurations. 
1. [bookmark: _Toc142664966][bookmark: _Toc146723963]AL8 cannot be used for 12RB CCE-to-REG mapping. 
In the last meeting, it was agreed that AL = 4 for 12 PRBs hypothetical PDCCH transmission BW RLM OOS and BFD. Furthermore, to support difference between IS and OOS, it was proposed that that AL = [2] for 12 PRBs hypothetical PDCCH transmission BW. The AL 2 will have impact on the cell size, which is not preferable. Therefore, RAN4 has two options, either to support AL 2 in RRM requirements or use AL 4 but compensate the IS and OOS difference with other parameters. 
[bookmark: _Toc146723964]For BLER 2%, AL2 will increase required SNR about 3dB when compared to AL4. So, if use AL2 for IS, it will be too strict and hard to recover to IS status.  
[bookmark: _Toc146723965]There are two options for AL: 
a. [bookmark: _Toc146723966]AL2 is used for 12 PRB, performance is impacted. 
b. [bookmark: _Toc146723967]AL 4 is used for 12 PRB IS and OOS, narrowing down the margin between OOS and IS.  Discuss the compensation mechanism of AL being the same. 


Simulation results for AL2 
The following table presents simulation results for AL2 and AL4 for IS and OOS scenarios. Also AL 2 for OOS is presented for completeness.  
	Channel
	12 PRB

	
	AL 2
	AL 4
	Delta
	AL 4
	Delta
	AL 2

	
	BLERIS 2%
	BLEROOS 10%
	
	BLERis 2%
	BLERoos 10%
	
	BLEROOS 10%

	
	[dB]
	[dB]
	
	[dB]
	[dB]
	
	[dB]

	AWGN 3km/h
	-4.2
	-8
	3.8
	-7.3
	-8
	0.7
	-5.1

	TDL-C 300ns, 3km/h
	1.6
	-4.3
	5.9
	-2.3
	-4.3
	2
	-0.9

	TDL-B 100ns, 3km/h
	2
	-4.2
	6.2
	-1.9
	-4.2
	2.3
	-0.9

	TDL-A 30ns, 3km/h
	2.1
	-4
	6.1
	-1.5
	-4
	2.5
	-0.8

	AWGN, FO 834 Hz
	-3.9
	-7.8
	3.9
	-7.1
	-7.8
	0.7
	-4.8


Table 1: 12 PRB with AL 2 and AL4 for IS and OOS
Other open issues
RAN4 RF has specified a separate sync raster for 3 MHz CBW, meaning also 12-RB PBCH. Therefore, UE should know PBCH BW based on the sync raster point. The legacy and new sync raster points are separated in frequency so that error in synch raster point should be unlikely.
Issue 1-32: Add information on whether the PBCH is 12 or 20 PRBs in the measurement object
In the last meeting, companies were discussing whether to indicate 12 or 20 PRBs in the measurement object. From the network’s point of view, if this brings benefits to the UE implementation, enhancing the signalling is not a big issue. The decision to modify the measurement object is up to RAN2, and therefore, if RAN4 is able to agree that such signalling is needed, RAN4 would need to send an LS to RAN2 to request the change. 
The questions RAN4 would need to discuss is whether not having this information would make the system non-working or lead to worse performance. We would also see that there is a need to consider this as a separate capability. Depending on the discussion outcome, this information could be either mandatory or optional. 
[bookmark: _Toc146723968]RAN4 to discuss whether the MO information is needed, and if needed whether the support depending on capability.
[bookmark: _Toc146723969]If the measurement object is enhanced with 12 / 15 / 20 RB information, RAN4 would need to send an LS to request the change from RAN2. 

Issue 1-33: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command?
Our understanding is that if UE doesn’t have information about PBCH 12-RB bandwidth, the PBCH decoding performance will be significantly degraded (as UE collects noise and interference from missing 8 RBs).  
Similarly, to the issue 1-32, if PBCH BW is provided to the UE in the handover command, RAN2 input would be needed. Currently, it is not clear for us which scenario the enhancement refers and whether this information would be mandatory for operational system.  
ReconfigurationWithSync includes absoluteFrequencySSB and carrierBandwidth. There is ARFCN and CarrierBandwidth info in HO command. Therefore, we don’t see the scenario where this is needed. 
[bookmark: _Toc146723970]ReconfigurationWithSync includes absoluteFrequencySSB and carrierBandwidth. There is are ARFCN and CarrierBandwidth info in HO command. Therefore, we don’t see the scenario where this is needed. 

[bookmark: _Toc146723971]RAN4 to discuss whether, or if 12 PRB information is needed in the HO command.  If needed, scenarios need to be clear as:  
c. [bookmark: _Toc146723972]RAN4 RF specified separate sync-raster  for 12 PRB case
d. [bookmark: _Toc146723973]ReconfigurationWithSync includes absoluteFrequencySSB and carrierBandwidth. Therefore, there is ARFCN and CarrierBandwidth info in HO command. 

Issue 1-34: Use following side condition for NR target cell detection for RRC connection re-establishment and RRC connection release with re-direction?
[bookmark: _Toc146723974]Reuse Table B.2.2-1: Conditions for intra-frequency measurements in FR1 SSB Ês/Iot  -6
[bookmark: _Toc146723975]Reuse Table B.2.3-1: Conditions for inter-frequency measurements in FR1 SSB Ês/Iot   -4
[bookmark: _Toc146723976]Reuse Table B.2.5-1: Conditions for RRC connection release with redirection to NR in FR1 SSB Ês/Iot  -4 

Issue 1-35: Tsearch in HO requirements for 12PRB SSB shall be revised to?
If we only consider the SSB index reading instead of MIB detection. The -2dB should be ok for inter-frequency and intra-frequency case based on simulations in R4-2313694. In the HO case, the UE does not need to read the MIB in the handover process, but UE only needs to get SSB index for RACH. Both MIB and SIB are included in the HO RRCReconfiguration message. 
[bookmark: _Toc146723977][bookmark: _Toc116995848]Unknown intra-frequency target cell Es/Iot≥-2 dB 
[bookmark: _Toc146723978]Unknown inter-frequency target cell Es/Iot≥-2 dB 



Conclusion
In the paper, the following Observations and Proposals were made:
Proposal 1: Change the parameter “Distributed” to “non-interleaved” for 15 PRB case.
Observation 1: AL8 cannot be used for 12RB CCE-to-REG mapping.
Observation 2: For BLER 2%, AL2 will increase required SNR about 3dB when compared to AL4. So, if use AL2 for IS, it will be too strict and hard to recover to IS status.
Proposal 2: There are two options for AL:
a.	AL2 is used for 12 PRB, performance is impacted.
b.	AL 4 is used for 12 PRB IS and OOS, narrowing down the margin between OOS and IS.  Discuss the compensation mechanism of AL being the same.
Proposal 3: RAN4 to discuss whether the MO information is needed, and if needed whether the support depending on capability.
Proposal 4: If the measurement object is enhanced with 12 / 15 / 20 RB information, RAN4 would need to send an LS to request the change from RAN2.
Observation 3: ReconfigurationWithSync includes absoluteFrequencySSB and carrierBandwidth. There is are ARFCN and CarrierBandwidth info in HO command. Therefore, we don’t see the scenario where this is needed.
Proposal 5: RAN4 to discuss whether, or if 12 PRB information is needed in the HO command.  If needed, scenarios need to be clear as:
a.	RAN4 RF specified separate sync-raster  for 12 PRB case
b.	ReconfigurationWithSync includes absoluteFrequencySSB and carrierBandwidth. Therefore, there is ARFCN and CarrierBandwidth info in HO command.
Proposal 6: Reuse Table B.2.2-1: Conditions for intra-frequency measurements in FR1 SSB Ês/Iot  -6
Proposal 7: Reuse Table B.2.3-1: Conditions for inter-frequency measurements in FR1 SSB Ês/Iot   -4
Proposal 8: Reuse Table B.2.5-1: Conditions for RRC connection release with redirection to NR in FR1 SSB Ês/Iot  -4
Proposal 9: Unknown intra-frequency target cell Es/Iot≥-2 dB
Proposal 10: Unknown inter-frequency target cell Es/Iot≥-2 dB
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