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Introduction
RAN4 started discussing RRM requirements for NR support for dedicated spectrum less than 5MHz [1] during RAN4#106 and WFs [2][3] from RAN4#106bis-e lists the agreements and simulation assumptions. During RAN#99, LSs from RAN1[4] and RAN4[5] were discussed and LS responses [6][7] were provided. A summary of the agreements is outlined below:Agreement:
· 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.
· 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.
· It is assumed that UE support of the <5MHz feature is band-specific and optional

In this contribution paper, we present our views in the scope of the RRM requirements and provide simulation results based on the simulation assumptions agreed in [3].
Scope of RRM requirements
As agreed in RAN#99, a 5MHz channel shall have the legacy PBCH of 20PRBs, but a 3MHz channel shall have a PBCH transmission bandwidth of 12PRBs. The reduced PBCH bandwidth for 3MHz channel bandwidth will have an impact on RRM requirements that depend on PBCH DMRS detection, PBCH decoding etc. During the last RAN4 meeting, the following requirements were identified to be impacted with 3MHz channel BW:RRM impact on UE requirements with 3MHz channel bandwidth, 12 PRB PBCH
· Handover
· RRC Re-establishment
· RRC Connection Release with Redirection
· RLM/BFD/CBD
· Intra frequency/Inter-frequency measurements



Based on the simulation assumptions agreed in [3], we present below the SNR points for PBCH decoding results for single-shot decoding (no combining) with various settings:
Table 1: Number of attempts needed for 99% PBCH decoding for 12 PRBs
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns
	SSB samples needed HST

	-8dB
	6
	9
	10
	10
	13

	-6dB
	2
	5
	6
	5
	3

	-4dB
	1
	3
	4
	3
	2

	-2dB
	1
	2
	3
	3
	1

	0db
	
	2
	2
	2
	

	2db
	
	2
	2
	2
	



Table 2: Number of attempts needed for 90% PBCH decoding for 12 PRBs
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns
	SSB samples needed HST

	-8dB
	3
	5
	5
	5
	7

	-6dB
	1
	3
	3
	3
	2

	-4dB
	1
	2
	2
	2
	1

	-2dB
	1
	2
	2
	2
	1

	0db
	
	1
	2
	1
	

	2db
	
	1
	1
	1
	



Table 3: Number of attempts needed for 99% PBCH decoding for 15 PRBs
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns
	SSB samples needed HST

	-8dB
	2
	5
	5
	5
	3

	-6dB
	1
	4
	3
	3
	1

	-4dB
	1
	3
	2
	2
	

	-2dB
	
	2
	2
	2
	

	0db
	
	2
	2
	1
	

	2db
	
	2
	1
	1
	



Table 4: Number of attempts needed for 90% PBCH decoding for 15 PRBs
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns
	SSB samples needed HST

	-8dB
	1
	3
	3
	3
	2

	-6dB
	1
	2
	2
	2
	1

	-4dB
	
	2
	2
	2
	

	-2dB
	
	2
	2
	2
	

	0db
	
	1
	1
	1
	

	2db
	
	1
	1
	1
	



Rel-15 RAN4 cell detection and measurement requirements are defined at -6db SINR based on the worst channel performance and with single-shot decoding assumption. We think the same assumptions shall hold for NR operation in <5MHz band as well.
Observation 1: Legacy Rel-15 cell identification delay requirements were defined based on 99% PBCH decoding rate at -6db SINR with single-shot decoding (no combining) based on the worst channel.
Proposal 1: Assuming Rel-15 principles, RAN4 to define the cell-identification delay requirements at -6db SINR without PBCH combining based on the worst channel.
Proposal 2: Based on our simulation results, 
· a total of 6 SSB samples are needed to define the SSB index identification delay requirements for 12PRB PBCH,
· a total of 4 SSB samples are needed to define the SSB index identification delay requirements for 15PRB PBCH.

Handover requirements are defined at SINR of -2db, so for 12PRB SSB, we need 3 samples for Tsearch for intra-frequency HO and 5 samples for inter-frequency HO. And for 15PRB SSB, we need 2 samples for Tsearch for intra-frequency HO and 4 samples for inter-frequency HO
Proposal 3: Based on our simulation results, Tsearch in HO requirements for 12PRB SSB shall be revised to
· Tsearch = 3*Trs ms, if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB 
· Tsearch = 5*Trs ms, if the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB

Proposal 4: Based on our simulation results, Tsearch in HO requirements for 15PRB SSB shall be revised to
· Tsearch = 2*Trs ms, if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB 
· Tsearch = 4*Trs ms, if the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB

Time to identify target NR cell for RRC connection re-establishment and RRC connection release with re-direction is based on the target cell side condition of Es/Iot≥-4 dB. 
Proposal 5: Time to identify target NR cell for RRC connection re-establishment and RRC connection release with re-direction shall be determined based on the target cell side condition of Es/Iot≥-4 dB.
Conclusion
Observation 1: Legacy Rel-15 cell identification delay requirements were defined based on 99% PBCH decoding rate at -6db SINR with single-shot decoding (no combining) based on the worst channel.
Proposal 1: Assuming Rel-15 principles, RAN4 to define the cell-identification delay requirements at -6db SINR without PBCH combining based on the worst channel.
Proposal 2: Based on our simulation results, 
· a total of 6 SSB samples are needed to define the SSB index identification delay requirements for 12PRB PBCH,
· a total of 4 SSB samples are needed to define the SSB index identification delay requirements for 15PRB PBCH.

Proposal 3: Based on our simulation results, Tsearch in HO requirements for 12PRB SSB shall be revised to
· Tsearch = 3*Trs ms, if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB 
· Tsearch = 5*Trs ms, if the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB

Proposal 4: Based on our simulation results, Tsearch in HO requirements for 15PRB SSB shall be revised to
· Tsearch = 2*Trs ms, if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB 
· Tsearch = 4*Trs ms, if the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB

Proposal 5: Time to identify target NR cell for RRC connection re-establishment and RRC connection release with re-direction shall be determined based on the target cell side condition of Es/Iot≥-4 dB.
References
[1] RP-230186, “Revised WID: NR support for dedicated spectrum less than 5MHz for FR1”, Nokia, Anterix, T-Mobile USA, RAN#99
[2] R4-2306346, “WF on RRM requirements for NR_FR1_lessthan_5MHz_BW”, Nokia, RAN4#106bis-e
[3] R4-2306400, “WF on simulation assumptions for NR_FR1_lessthan_5MHz_BW”, Nokia, RAN4#106bis-e
[4] R1-2302186, “LS on transmission bandwidths for NR on dedicated spectrum less than 5 MHz”, RAN1, RAN1#112
[5] R4-2303713, “LS for spectrum less than 5 MHz”, RAN4, RAN4#106
[6] RP-230780, “Response to LS from RAN1 on transmission bandwidths for NR on dedicated spectrum less than 5 MHz”, RAN, RAN#99
[7] RP-230780, “Response to LS from RAN4 on spectrum less than 5 MHz”, RAN, RAN#99


8

4


 


 


1


 


3GPP TSG


-


RAN WG4 Meeting #


10


7


 


R4


-


230


9702


 


Incheon, KR, May 22 


–


 


May 26, 2023


 


 


 


Agenda item:


 


8


.


1


5


.


5


 


Source: 


 


Qualcomm Incorporated


 


T


itle:


 


 


RRM re


quirements for 


NR support 


for


 


less than 5MHz


 


spectrum


 


Document for:


 


Discussion


 


1.


 


Introduction


 


RAN4 


started discussing 


RRM requirements for NR support 


for


 


dedicated spectrum less than 5MHz


 


[1]


 


during 


RAN4#106


 


and 


WF


s


 


[


2


]


[3]


 


from RAN4#106


bis


-


e


 


lists the agreements and 


simulation assumptions


. 


During 


RAN#99


,


 


LSs from RAN1[


4


] and RAN4[


5


] were discussed


 


and LS responses


 


[


6


][


7


]


 


were provided.


 


A summary of the 


agreements is outlined below:


 


In this contribution paper, we present our views in the scope of the RRM requirements


 


and provide simulation results 


based on the simulation assumptions agreed in [3].


 


2.


 


Scope of RRM requirements


 


As agreed in 


RAN#99, 


a 5MHz channel shall have


 


the legacy P


B


CH of 20PRBs, but a 3MHz channel 


shall have a 


PBCH transmission bandwidth of 12PRBs


.


 


The reduced PBCH bandwidth for 


3MHz channel bandwidth will have an 


impact on RRM requirements that depend on 


PBCH DMRS detection, PBCH decoding etc. 


During t


he last RAN4 


meeting, the following 


requirements were identified to be impacted


 


with 3MHz channel BW


:


 


 


 


Agreement


:


 


·


 


For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in 


RAN1/RAN4)


 


o


 


PBCH transmission bandwidth is 12 PRBs


 


o


 


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 b


andwidth:


 


o


 


PBCH transmission bandwidth is 20 PRBs


 


o


 


CORESET#0 transmission bandwidth is to be decided by RAN1


 


·


 


Other details (including sync raster details) are to be progressed in the WGs.


 


·


 


The less


-


than


-


5MHz WI in Rel


-


18 should consider single


-


carrier operati


on, excluding RedCap. In 


addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.


 


·


 


It is assumed that UE support of the <5MHz feature is band


-


specific and optional


 


RRM impact 


on UE requirements


 


with 


3MHz channel bandwidth,


 


12 PRB PBCH


 


·


 


Handover


 


·


 


RRC Re


-


establishment


 


·


 


RRC Connection Release with Redirection


 


·


 


RLM/BFD/CBD


 


·


 


Intra frequency/Inter


-


frequency measurements


 




   

1 

3GPP TSG - RAN WG4 Meeting # 10 7   R4 - 230 9702   Incheon, KR, May 22  –   May 26, 2023       Agenda item:   8 . 1 5 . 5   Source:    Qualcomm Incorporated   T itle:     RRM re quirements for  NR support  for   less than 5MHz   spectrum   Document for:   Discussion   1.   Introduction   RAN4  started discussing  RRM requirements for NR support  for   dedicated spectrum less than 5MHz   [1]   during  RAN4#106   and  WF s   [ 2 ] [3]   from RAN4#106 bis - e   lists the agreements and  simulation assumptions .  During  RAN#99 ,   LSs from RAN1[ 4 ] and RAN4[ 5 ] were discussed   and LS responses   [ 6 ][ 7 ]   were provided.   A summary of the  agreements is outlined below:   In this contribution paper, we present our views in the scope of the RRM requirements   and provide simulation results  based on the simulation assumptions agreed in [3].   2.   Scope of RRM requirements   As agreed in  RAN#99,  a 5MHz channel shall have   the legacy P B CH of 20PRBs, but a 3MHz channel  shall have a  PBCH transmission bandwidth of 12PRBs .   The reduced PBCH bandwidth for  3MHz channel bandwidth will have an  impact on RRM requirements that depend on  PBCH DMRS detection, PBCH decoding etc.  During t he last RAN4  meeting, the following  requirements were identified to be impacted   with 3MHz channel BW :      

Agreement :      For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in  RAN1/RAN4)   o   PBCH transmission bandwidth is 12 PRBs   o   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 b andwidth:   o   PBCH transmission bandwidth is 20 PRBs   o   CORESET#0 transmission bandwidth is to be decided by RAN1      Other details (including sync raster details) are to be progressed in the WGs.      The less - than - 5MHz WI in Rel - 18 should consider single - carrier operati on, excluding RedCap. In  addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.      It is assumed that UE support of the <5MHz feature is band - specific and optional  

RRM impact  on UE requirements   with  3MHz channel bandwidth,   12 PRB PBCH      Handover      RRC Re - establishment      RRC Connection Release with Redirection      RLM/BFD/CBD      Intra frequency/Inter - frequency measurements  

