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1. Introduction
RAN1 issued an LS to RAN4 and RAN2 regarding the possible conflict in inter-frequency neighbour cells supporting NR dedicated spectrum, with CBWs less than 5 MHz, between the legacy and the UEs supporting this feature[1]. the LS is depicted below: 
	RAN1 has discussed the following issue regarding the configuration of inter-frequency neighbour cell list, including the neighbour cells in NR dedicated spectrum less than 5 MHz for FR1 with single carrier operation:

According to current specifications, SIB4 indicates the inter-frequency neighbour cell(s) with the dl-CarrierFreq corresponding to a GSCN value. If a common neighbour cell list is indicated, which includes the cell(s) using the legacy (Rel-17) GSCN value in Table 5.4.3.1-1 of TS38.101-1 and the cell(s) using new GSCN values (introduced in Rel-18) in Table 5.4.3.1-2 and Table 5.4.3.1-3 of TS38.101-1, the UEs not supporting the new GSCN values will receive dl-CarrierFreq which do not correspond to the Rel-17 GSCN values. 

Question 1: Does RAN2/RAN4 expect any backward compatibility issue for a UE not supporting less than 5MHz but provided with a neighbour cell with SSB on the new GSCN value in the scenario described above or other similar scenarios if any? For example, if a UE accessed a cell with SSB on the legacy GSCN value, the UE not supporting less than 5MHz may search SSB on the new GSCN values indicated in the common neighbour cell list and wrongly access the neighbour cell(s) in NR dedicated spectrum less than 5 MHz for FR1 with single carrier operation.

Question 2: If the answer to Question 1 is Yes, is it possible for RAN2 to define a scheme to avoid the backward compatibility issue?

2. Actions:
To RAN2 and RAN4 group.
ACTION: 	RAN1 respectfully requests RAN2/RAN4 to take the provided information into account and provide the answers to the questions.


In the following sections, RAN4 main goals on the SSB design are described and the question to RAN4 will be replied.
2. Discussion
[bookmark: _Hlk146556936]2.1 Background
In order to introduce less than 5 MHz channel BWs (for instance 3MHz) many different sync rasters were proposed, initially. Some of those sync rasters where extensions of the legacy sync rasters and some were different, on certain aspects, to the legacy sync raster. These aspects were, the sync raster step size, the frequency offset of the whole sync raster and the number of rasters within a step. Since the designs were not converging RAN issued an LS to set directions on the new sync rasters [2], as follows. 
	1. Overall Description:
RAN Plenary would like to thank RAN WG4 for their LS for spectrum less than 5 MHz.
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following:
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. 
· It is assumed that UE support of the <5MHz feature is band-specific and optional.
[bookmark: _Hlk130374632]RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that 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.



 
So the main focus was to avoid impacting the legacy UEs, when the new sync raster is designed. Finally, the new sync raster is specified via in TS38.101-1 Table 5.4.3.1-2 and Table 5.4.3.1-3, as shown in Figure 1. It should be mentioned that the GSCN ranges of the legacy UEs (2 - 22255) and the new dedicated UEs (26640 - 31634) do not have any overlap to ensure that the legacy and the new UEs would not detected each other’s SSB blocks.
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Figure 1 specified sync rasters for the legacy UEs and the dedicated UEs
Based on the special synchronization raster, the dedicated UE can search the frequencies of cells on dedicated spectrum during the initial access, and the legacy UE will not search those frequencies mapping to new GSCNs for the dedicated spectrum.
Observation 1: The GSCN range of the legacy and new dedicated UEs are different to avoid detecting each other’s SSB blocks
In a cell re-selection procedure, UE shall receive, via SIB4, the information about the other neighboring cells. Via IE InterFreqCarrierFreqInfo.dl-CarrierFreq, it shall receive the center frequency of the SSB block of the neighbor cell (not the GSCN number but its frequency location equivalent). Based on TS 38.331, this IE is set to take its values from ARFCN-ValueNR. On the other hand in the description of SIB4, it is mentioned that dl-CarrierFreq should correspond to the GSCN value.
As the ARFCN covers all the FR1 frequencies with 5 KHz step sizes, Figure 2, it can point to the frequencies of the legacy and the new sync rasters, without any differentiation. Therefore the new sync raster is no more invisible to the legacy UEs. In other words, the center frequency location of the SSB block which corresponds to the UEs supporting “less than 5MHz CBWs”, will become visible to the legacy UEs.
[image: ]
Figure 2 NR-ARFCN parameters as specified in TS 38.101
This could result in decoding the 12 PRB PBCH block by the legacy UEs which is against the initial design on RAN4, as previously explained. 
It should be mentioned that the coverage of these neighbor cells for legacy UEs will be shrunk by 5dB@10% BLER comparing the cells of the legacy UEs, as our simulation shows:
[image: C:\Users\m00573734\AppData\Roaming\eSpace_Desktop\UserData\m00573734\imagefiles\933B52D8-53AF-4A21-9410-5016D5A8D071.png]
Figure 3 Cell coverage for PBCH of 12 RBs and 20 RBs

Observation 2: the IE InterFreqCarrierFreqInfo.dl-CarrierFreq, in SIB4, points to the center frequency of the SSB, hence it makes the dedicated SSB block, the UEs supporting “less than 5MHz”, visible to the legacy UEs which is against the RAN4 goal.
2.2 Replies to the LS question
The LS from RAN1 raised a valid question, for which we propose Reply 1.
Question 1: Does RAN2/RAN4 expect any backward compatibility issue for a UE not supporting less than 5MHz but provided with a neighbour cell with SSB on the new GSCN value in the scenario described above or other similar scenarios if any? For example, if a UE accessed a cell with SSB on the legacy GSCN value, the UE not supporting less than 5MHz may search SSB on the new GSCN values indicated in the common neighbour cell list and wrongly access the neighbour cell(s) in NR dedicated spectrum less than 5 MHz for FR1 with single carrier operation.

Reply 1: Indeed this will cause a backward compatibility issue, meaning a legacy UE should not be able detect the SSB block for the ‘less than 5MHz’ dedicated cell. With the current version of the TS 38.331, a legacy UE will be able to detect and decode the new dedicated SSB block of the neighboring cell, because the SSB location is provided with ARFCN-ValueNR value and not via GSCN, directly.
3. Conclusion
Observation 1: The GSCN range of the legacy and new dedicated UEs are different to avoid detecting each other’s SSB blocks
Observation 2: the IE InterFreqCarrierFreqInfo.dl-CarrierFreq, in SIB4, points to the center frequency of the SSB, hence it makes the dedicated SSB block, the UEs supporting “less than 5MHz”, visible to the legacy UEs which is against the RAN4 goal.
Reply 1: Indeed this will cause a backward compatibility issue, meaning a legacy UE should not be able detect the SSB block for the ‘less than 5MHz’ dedicated cell. With the current version of the TS 38.331, a legacy UE will be able to detect and decode the new dedicated SSB block of the neighboring cell, because the SSB location is provided with ARFCN-ValueNR value and not via GSCN, directly.
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Attachments:
1. Overall Description:
RAN1 had asked the following question from RAN4 in [1]:
	Question 1: Does RAN2/RAN4 expect any backward compatibility issue for a UE not supporting less than 5MHz but provided with a neighbour cell with SSB on the new GSCN value in the scenario described above or other similar scenarios if any? For example, if a UE accessed a cell with SSB on the legacy GSCN value, the UE not supporting less than 5MHz may search SSB on the new GSCN values indicated in the common neighbour cell list and wrongly access the neighbour cell(s) in NR dedicated spectrum less than 5 MHz for FR1 with single carrier operation.



Reply 1: Indeed this will cause a backward compatibility issue, meaning a legacy UE should not be able detect the SSB block for the ‘less than 5MHz’ dedicated cell. With the current version of the TS 38.331, a legacy UE will be able to detect and decode the new dedicated SSB block of the neighboring cell, because the SSB location is provided with ARFCN-ValueNR value and not via GSCN, directly.

2. Actions:
To RAN1 group.
ACTION: 	RAN4 respectfully requests RAN1 WG to take into account our reply to their question
3. Reference:
[1] R1-2312668 LS on inter-frequency neighbour cells supporting NR dedicated spectrum less than 5 MHz for FR1

4. Date of Next TSG-RAN WG4 Meetings:
[bookmark: _GoBack]TSG-RAN4 Meeting#110-bis    15th – 19th April 2024	Changsha, China
TSG-RAN4 Meeting#111       20th – 24th May 2024	Fukuoka City, Japan
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Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster

Frequency range (WHz) | AFciss (<HZ) | Frcrom (MFZ) | Neeron | Range of Neer
03000 5 0 0 0509999
300024250 15 3000 600000 _| 600000 - 2016666
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Table 5.4.3.1-1: GSCN parameters for the global frequency raster for above 3 MHz channel bandwidth

Frequency range $S Block frequency position SSrer GSCN Range of GSCN
0-3000 MHz N * 1200kHz + M * 50 kHz, 3N + (M-3)/12 2-7498
N=1:2499, M € {1,3,5} (Note 1)
3000 — 24250 MHz 3000 MHz + N * 1.44 MHz 7499 +N 7499 — 22255
N = 0:14756

NOTE 1: The default value

for operating bands with which only support SCS spaced channel raster(s) is M=3.

Table 5.4.3.1-2: GSCN parameters for the global frequency for 3 MHz cha

nnel bandwidth

Range of frequencies
(MHz)

SS block frequency position SSrer GSCN

Range of GSCN

0-1000

26640 — 31634

N* 600 kHz + M * 50 kHz + 300 kFiz,
N = 1:1665, M € {1,3,5} (Note 1) 26638+3N + (M-3)2

NOTE 1: Only applicable for 15 PRB DCH transmission within 3 MHz channel bandwidth with punctured PBCH defined
in TS 38.211 [6] clause 7.4.3.1.

Table 5.4.3.1-3: Additional GSCN parameters for band n100

S8 Block frequency position SSrer
(MHz) GSCN Note

920.

Only applicable for 12 PRB transmission bandwidth
73 41637 configuration within 3 MHz channel with punctured
PBCH defined in TS 38.211 [6] clause 7.4.3.1.

921

Only applicable for 20 PRB transmission bandwidth
45 41638 configuration within 5 MHz channel with unpunctured
PBCH defined in TS 38.211 [6] clause 7.4.3.1.





