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1. Introduction 
In this document, we focus on the remaining issues for the NR dedicated spectrum less than 5MHz. 
2. Discussion 

2.1 SSB and sync raster points of NR dedicated spectrum less than 5MHz

In previous RAN1 meeting, there is no consensus on whether the SSB can be transmitted not on the sync raster points for serving cell and neighbour cells. In Rel18, RAN1 to clarify that the SSB of serving cells and neighbour cells should be always on the sync raster points. Whether to support NR-CA, EN-DC or NR-DC with SSB not on the sync raster points can be considered in future release. 

Proposal 1: For a UE supporting Rel18 NR dedicated spectrum less than 5MHz, the UE expects the SSB of serving cell and neighbour cells is transmitted on the sync raster points only.

In NR, SIB4 indicates the cell reselection configuration of inter-frequency neighbour cell, where the ARFCN-ValueNR of dl-CarrierFreq is the GSCN value for the SSB. 
· For legacy UEs, the ARFCN-ValueNR of the inter-freq neighbour cells should be only legacy sync raster points with 20PRB SSB. 
· For new UEs supporting less than 5MHz in addition to legacy 5MHz, the ARFCN-ValueNR of the inter-freq neighbour cells can be legacy sync raster points or new sync raster points with 20PRB/12PRB SSB. 

	If a common interFreqCarrierFreqList is shared by legacy UEs and new UEs, the ARFCN-ValueNR corresponding to the new GSCN for less than 5MHz cannot be identified by the legacy UEs. In this case, the legacy UE behaviour is not predicable because the UE may assume the serving cell has error indication due to the ‘invalid’ GSCN in SIB4. For example, the UE may consider the serving cell with error SIB4 cannot be used, or the UE may keep searching SSB on the ‘invalid’ GSCN and wrongly access the indicated neighbour cell with less than 5MHz. 

	Any negative impact on legacy UEs needs be avoided. Therefore, separate lists of inter-freq neighbour cells should be defined for legacy sync raster points and new sync raster points. The interFreqCarrierFreqList for SSBs using legacy sync raster points only is used by legacy UEs. A new interFreqCarrierFreqList for SSBs using the new sync raster points should be introduced in Rel18. The new UEs capable of FG51-1/2/3 can detect the new interFreqCarrierFreqList-LessThan5MHz with the ARFCN-ValueNR corresponding to the new sync raster points, in addition to the legacy list. For example, in TS38.331, 
SIB4 ::=                            SEQUENCE {
    interFreqCarrierFreqList              InterFreqCarrierFreqList,
    lateNonCriticalExtension              OCTET STRING                       OPTIONAL,
    ...,
[[
    interFreqCarrierFreqList-LessThan5MHz InterFreqCarrierFreqList,		     OPTIONAL   -- Need R
]]
}
InterFreqCarrierFreqList ::=        SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo
…
InterFreqCarrierFreqInfo ::=        SEQUENCE {
    dl-CarrierFreq                      ARFCN-ValueNR,
frequencyBandList                   MultiFrequencyBandListNR-SIB      OPTIONAL,   -- Cond Mandatory
…
}
	dl-CarrierFreq
This field indicates center frequency of the SS block of the neighbour cells, where the frequency corresponds to a GSCN value as specified in TS 38.101-1 [15] or TS 38.101-5 [75].




Proposal 2: Introdue an additional InterFreqCarrierFreqList with ARFCN-ValueNR corresponding to the new sync raster points, separate from that of legacy sync raster points.
· Send LS to RAN2.


2.2 CORESET0 and BWP of NR dedicated spectrum less than 5MHz

	For 3MHz channel BW, RAN1 has a WA about BWP and a conclusion for CORESET0 during initial access:
Working Assumption
For 3MHz channel BW,
· For the new sync. raster point (=920.73MHz, GSCN 41637 on band n100), UE supports 12 PRB BWP
· For other new sync raster points, UE supports 15 PRB BWP
· Note: it does not introduce any new interpretation on FG6-1
Note: it will be a conclusion when this working assumption is confirmed

Conclusion
· For 3MHz channel BW for the sync. raster point (920.73MHz, GSCN 41637), the UE shall support 12 PRB CORESET#0 during initial access. 
· For 3MHz channel BW for the sync. raster points for 15 PRB transmission BW, the UE shall support 15 PRB CORESET#0 during initial access.

	Each new sync raster points defined in TS38.101-1 is associated with one transmission BW, as summarized in Table 1. 
Table 1
	New sync raster points
	ChBW
	SSB BW
	Tx BW
	CORESET0
	BWP if configured

	Single new sync raster point for 5MHz ChBW at GSCN 41638 in Table 5.4.3.1-3 of TS38.101-1
	5MHz
	20PRBs
	20PRBs
	20PRBs
	20PRBs

	Single new sync raster point for 3MHz ChBW at GSCN 41637 in Table 5.4.3.1-3 of TS38.101-1
	3MHz
	12PRBs
	12PRBs
	12PRBs
	[WA] 12PRBs

	The new sync raster points for 3MHz ChBW in Table 5.4.3.1-2 of TS38.101-1
	3MHz
	12PRBs
	15PRBs
	15PRBs 
12PRBs
	[WA] 15PRBs



	In case of 5MHz ChBW, 
· RAN1 has also agreed that the 20 PRBs CORESET0 is only valid for the new sync. raster point of 921.45 MHz at GSCN 41638. 
· The UE can support BWP=20PRBs if configured for UE capable of 20PRBs CORESET0. 

	In case of 3MHz ChBW, 
1) For the new sync raster of 920.73MHz at GSCN 41637 in Table 5.4.3.1-3 of TS38.101-1, which is designed to support the transmission BW up to 12PRBs. 
· RAN1 has the WA to support BWP=12PRBs if the UE is capable of accessing the GSCN. 
· Only for this special sync raster point, UE can be configured with BWP=12PRBs for UE capable of 12 PRBs CORESET0, although UE is only required to support BWP=15PRBs for 3MHz ChBW.
· RAN1 has made conclusion that 12 PRBs CORESET0 should be configured during initial access.
· After initial access, the UE will only support 12 PRB CORESET#0, since 15PRB CORESET0 cannot fit into the 12PRB transmission BW.
2) For the new sync raster points in Table 5.4.3.1-2 of TS38.101-1 (other than 920.73MHz), which are designed to support transmission BW up to 15PRBs. 
· BWP=15PRBs will be used to allow UL/DL transmission to make full use of 3MHz ChBW. 
· RAN1 has made conclusion that 15 PRBs CORESET0 should be configured during initial access.
· After initial access, UE can be configured with 12PRB CORESET if needed and does not need to support 12PRBs CORESET0. 
· For RRC_CONNECTED UEs, gNB can use 15PRB CORESET0 for UE-specific DL/UL data transmission with better performance and less blocking probability than 12RB CORESET.


Therefore, we have the following proposals:

Proposal 3: Confirm the WA, 
Working Assumption
For 3MHz channel BW,
· For the new sync. raster point (=920.73MHz, GSCN 41637 on band n100), UE supports 12 PRB BWP
· For other new sync raster points, UE supports 15 PRB BWP
· Note: it does not introduce any new interpretation on FG6-1
Note: it will be a conclusion when this working assumption is confirmed

Proposal 4: For CORESET0 configuration in 3MHz ChBW, 
· For the sync. raster point (920.73MHz, GSCN 41637), CORESET#0 is configured as 12PRBs. 
· For the sync. raster points for 15 PRB transmission BW, CORESET#0 is configured as 15PRB.


2.3 PDCCH candidates for CORESET0
In this section, we discuss the PDCCH with AL=8 for 15PRB PDCCH tx BW in 3MHz ChBW, as requested according to the RAN4 agreement on the RLM OOS and BFD evaluations. 
Agreement (RAN4 RRM)
· 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

CORESET0 is not limited to SIB/paging for RRC_IDLE/INACTIVE UEs. For RRC_CONNECTED UEs, CORESET0 can be used to schedule cell-specific and UE-specific data transmission. In the following discussion, we assume15PRB CORESET0 for PDCCH with AL=8.
Table 1 compares the NR PDCCH performance with AL=8 with 2 or 3symbol 15PRBs CORESET0. LTE PDCCH with 3symbol 15PRBs is also given as a reference. In case of 2symbol 15PRB CORSEET0 with or without interleaving, there are always 3 CCEs punctured, and it results in 5 valid CCEs. In case of 3symbol 15PRB CORSEET0 with interleaving, there could be more CCEs fully or partially punctured (note that the partial punctured CCE is not counted as a valid CCE), which results in only 5 or 4 valid CCEs for PDCCH. In case of 3symbol 15PRB CORSEET0 with no interleaving, there is only 0.5 CCE punctured so it has 31% more available REs than that of the LTE PDCCH with AL=8, which is also the only case better than LTE. 

Table 1 PDCCH with AL=8 for LTE vs. NR in 3MHz ChBW
	
	LTE
	NR
	NR

	Channel Bandwidth
	3MHz
	3MHz
	3MHz

	PDCCH/CORESET0 BW
	15PRBs
	15PRBs
	15PRBs

	PDCCH symbol number 
	3
	3
	2

	CCEs within PDCCH BW
	12
	7
	5

	REGs per CCE 
	9
	6
	6

	REs per REG (no RS)
	4
	12-3=9
	12-3=9

	REs per CCE (no RS)
	36
	54
	54

	Interleaving
	Yes
	Yes
	Yes
	No
	Yes
	No

	n_shift=cell ID (for NR)
	-
	0,3-6,9-11
	1,2,7,8
	-
	0-7
	-

	Punctured CCEs for AL=8 (for NR)
	-
	2.5-3
	3.5-4
	0.5
	3
	3

	Valid CCEs for AL=8 
	8
	5
	4
	7
	5
	5

	REs for PDCCH (no RS)
	288
(0%)
	270
(-6%)
	216
(-25%)
	378
(+31%)
	270
(-6%)
	270
(-6%)




Observation1: 
· Only the 3symbol 15PRB CORESET0 with no interleaving can achieve better PDCCH performance with AL=8 than that of LTE. 

Table 2 compares the required SINR at 1% BLER of PDCCH in 3symbol 15PRB CORESET0 using AL=8 with different number of available CCEs, where PDCCH is transmitted on 900MHz with 4 transmit antennas at gNB side and 2 receive antennas at UE side under TDL-C RMS delay spread of 300ns. The PDCCH with AL=8 using 7 available CCEs can achieve 2 or 3dB better than that of 5 or 4 available CCEs. The performance of PDCCH with 5 or 4 available CCEs is just similar as AL=4 without puncturing and it is not beneficial for UE to monitor such PDCCH candidates for AL=8.

Table 2 Required SINR for 3-symbol PDCCH detection using REG-bundle precoding
	AL w/ different number of available CCEs
	Required SINR at 1% BLER

	AL=8 w/ 7 available CCE 
	-3.28dB (+0dB)

	AL=8 w/ 5 available CCEs
	-1.34dB (-1.94dB)

	AL=8 w/ 4 available CCEs
	-0.05dB (-3.23dB)

	AL=4 with 4 available CCEs (no puncturing)
	-0.14dB (-3.14dB)



Observation2: 
· The PDCCH with AL=8 using 3symbol 15PRB CORESET0 with no interleaving can achieve 2-3dB better performance than the that of 3symbol 15PRB CORESET0 with interleaving and 2symbol 15PRB CORESET0. 
· The PDCCH with AL=8 using 3symbol 15PRB CORESET0 with interleaving and 2symbol 15PRB CORESET0 achieves similar performance as PDCCH with AL=4 without puncturing.


Proposal 5: For 3MHz ChBW with 15PRB tx BW, AL=8 can only be supported for 15PRB CORESET0 with no interleaving.
· Note: CORESET0 can be used for cell-specific and UE-specific data transmission.
· Send LS to RAN4.

3. Conclusion
Based on the discussion, we have following proposals:

Proposal 1: For a UE supporting Rel18 NR dedicated spectrum less than 5MHz, the UE expects the SSB of serving cell and neighbour cells is transmitted on the sync raster points only.

Proposal 2: Introdue an additional InterFreqCarrierFreqList with ARFCN-ValueNR corresponding to the new sync raster points, separate from that of legacy sync raster points.
· Send LS to RAN2.

Proposal 3: Confirm the WA, 
Working Assumption
For 3MHz channel BW,
· For the new sync. raster point (=920.73MHz, GSCN 41637 on band n100), UE supports 12 PRB BWP
· For other new sync raster points, UE supports 15 PRB BWP
· Note: it does not introduce any new interpretation on FG6-1
Note: it will be a conclusion when this working assumption is confirmed

Proposal 4: For CORESET0 configuration in 3MHz ChBW, 
· For the sync. raster point (920.73MHz, GSCN 41637), CORESET#0 is configured as 12PRB. 
· For the sync. raster points for 15 PRB transmission BW, CORESET#0 is configured as 15PRB.

Proposal 5: For 3MHz ChBW with 15PRB tx BW, AL=8 can only be supported for 15PRB CORESET0 with no interleaving.
· Note: CORESET0 can be used for cell-specific and UE-specific data transmission.
· Send LS to RAN4.
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