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1. Introduction
In RAN2’s spec TS38.331 [1], the NCD-SSB frequency location is determined according to the following
	NonCellDefiningSSB information element
-- ASN1START
-- TAG-NONCELLDEFININGSSB-START

NonCellDefiningSSB-r17 ::=      SEQUENCE {
    absoluteFrequencySSB-r17        ARFCN-ValueNR,
    ssb-Periodicity-r17             ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }       OPTIONAL,   -- Need S
    ssb-TimeOffset-r17              ENUMERATED { ms5, ms10, ms15, ms20, ms40, ms80, spare2, spare1 }      OPTIONAL,   -- Need S
    ...
}

-- TAG-NONCELLDEFININGSSB-STOP
-- ASN1STOP



And the MIB fields are shown as follows
	MIB
-- ASN1START
-- TAG-MIB-START

MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}

-- TAG-MIB-STOP
-- ASN1STOP


And the NCD-SSB has the same content with CD-SSB MIB, wherein some indication may be different, e.g., systemFrameNumber. In this document, we mainly discus  and pdcch-ConfigSIB1 in NCD-SSB for RedCap UE. And also, we discussed the initial DL BWP related issues.

2. Discussion 
2.1 NCD-SSB
In RAN1 spec TS38.211 [2], for SSB, In the frequency domain, the subcarrier offset from subcarrier 0 is determined according to the following:
	In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities  and  represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity  in Table 7.4.3.1-1 is given by . The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to the lowest-numbered subcarrier of the SS/PBCH block, or the SS/PBCH block after puncturing if applicable, where  is obtained from the higher-layer parameter offsetToPointA. 
-	For operation with shared spectrum channel access in FR2-2 and for operation without shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for FR1 the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. 
-	For operation with shared spectrum channel access in FR1, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. If  ,  ; otherwise, .
If ssb-SubcarrierOffset is not provided,  is derived from the frequency difference between the SS/PBCH block and Point A.



Obviously, for RedCap UE with NCD-SSB, the UE does not need to indicate or derive the  since there is no SIB to transmit associated with this SSB.
In RAN1 spec TS38.213 [3], the following text seems can be applied for RedCap NCD-SSB.
	If a UE detects a first SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and for  for FR1 or for  for FR2, the UE may determine the nearest (in the corresponding frequency direction) global synchronization channel number (GSCN) of a second SS/PBCH block having a CORESET for an associated Type0-PDCCH CSS set as .  is the GSCN of the first SS/PBCH block,  in FR1 and FR2-1,  3 in FR2-2, and  is a GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If the UE detects the second SS/PBCH block and the second SS/PBCH block does not provide a CORESET for Type0-PDCCH CSS set, as described in clause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block locations for performing cell search.
If a UE detects a SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and for  for FR1 or for  for FR2, the UE determines that there is no SS/PBCH block having an associated Type0-PDCCH CSS set within a GSCN range . and  are respectively determined by controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1. If the GSCN range is , the UE determines that there is no information for a second SS/PBCH block with a CORESET for an associated Type0-PDCCH CSS set on the detected SS/PBCH block. 
If a UE does not detect any SS/PBCH block providing a CORESET for Type0-PDCCH CSS set, as described in clause 4.1, within a time period determined by the UE, the UE may ignore the information related to GSCN of SS/PBCH locations in performing cell search.



There are two cases for UE detecting NCD-SSB.
Case1: UEs including RedCap UE and NR UE detect the NCD-SSB for RedCap UE on sync raster frequency in idle state.
Case2: RedCap UEs in connected mode detect the NCD-SSB.
For case1, it opens the door for NCD-SSB used in idle mode. For case2, this function based on the text is not needed in connected mode. Also, the pdcch-ConfigSIB1 should not refer to NCD-SSB as shown in the following text.
	A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set on the primary cell of the MCG configured by 
-	pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI, or 
-	searchSpaceZero by providing searchSpaceID=0 for searchSpaceMCCH or searchSpaceMTCH for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast, or
-	searchSpaceZero by providing searchSpaceID=0 for searchspaceMulticastMCCH for a DCI format 4_0 with CRC scrambled by a multicast-MCCH-RNTI, or by searchSpaceMulticastMTCH for a DCI format 4_1 with CRC scrambled by a G-RNTI for multicast in RRC_INACTIVE state



From the initial understanding, for a UE in connected mode, if the NCD-SSB is configured for this case, there is no need for the EU to read kssb and pdcch-ConfigSIB1 since the CD-SSB and CORESET#0 configuration is known by the the connected UE.
Proposal 1: Clarify that the RedCap UE in connected mode ignores the information related to kssb and pdcch-ConfigSIB1 in MIB of Rel-17 introduced NCD-SSB. 
In idle mode, if Rel-17 NCD-SSB frequency location configured by absoluteFrequencySSB, is not on the sync raster, the UEs also would not detect this. However, if it is configured on the sync raster, the NR UE and RedCap UE idle state may detect this NCD-SSB similar like legacy SSB not associated with the SIB1. In this case, the UE may detect the kssb and pdcch-ConfigSIB1 to obtain some information related to CD-SSB frequency or GSCN, which may bring additional power consumption for blind decoding SSB and misleading the the CD-SSB frequency or GSCN information if kssb and pdcch-ConfigSIB1 in the NCD-SSB is not configured appropriately. There are some potential solutions:
Option 1: up to implementation including gNB’s implementation and UE’s implementation. That’s to say, NCD-SSB could be configured on sync raster or not. If a UE in idle mode detects this NCD-SSB, still, up to UE implementation when the UE cannot find CD-SSB.
Option 2: limit the NCD-SSB frequency location, i.e., should not be configured on the sync raster. This would bring spec impacts on RAN2 and have impacts on the current implementation and compatibility.
Option 3: NW guarantee kssb and pdcch-ConfigSIB1 in the NCD-SSB is correct and no confusion would not cause when the UE detect this NCD-SSB. In this case, even the NCD-SSB is configured in connected mode for one UE, still, kssb and pdcch-ConfigSIB1 should be provided appropriately. This also limit the NW implementation and may have compatibility issues.
Option 4: NW configure a reserved value for kssb. This also may have impacts on the current implementation and compatibility, and also have impacts on RAN1 spec.
[bookmark: _GoBack]Proposal 2: Conclude that how to configure the frequency location of Rel-17 NCD-SSB, and kssb and pdcch-ConfigSIB1 in MIB of the NCD-SSB is up to gNB.
2.2 Initial DL BWP
Additionally, in TS38.213 clause 12, when the UE monitor PDCCH for SS0 and CORESET#0, the condition is the non-initial active DL BWP has same SCS configuration and same cyclic prefix as the initial DL BWP.
	If a UE is provided controlResourceSetZero and searchSpaceZero in PDCCH-ConfigSIB1 or PDCCH-ConfigCommon, the UE determines a CORESET for a search space set from controlResourcesetZero as described in clause 13 and for Tables 13-0 through 13-10, and determines corresponding PDCCH monitoring occasions as described in clause 13 and for Tables 13-11 through 13-15. If the active DL BWP is not the initial DL BWP, the UE determines PDCCH monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the active DL BWP has same SCS configuration and same cyclic prefix as the initial DL BWP.



Observation 1: Based on the current spec, 
· For NR UE, if non-initial active DL BWP contains CORESET#0, the SCS and CP of non-initial active DL should be the same as initial DL BWP for monitoring SS#0.
· For R17 RedCap UE, if non-initial active DL BWP contains CORESET#0, the SCS and CP of non-initial active DL should be the same as separate initial DL BWP if applicable for monitoring SS#0.
The problem would be for RedCap specific initial DL BWP, the SCS and CP length is configured separately especially when the separate initial DL BWP does not contain the CORESET#0 and CD-SSB. Therefore, if the non-initial active DL BWP keep the same SCS and CP length as initial DL BWP, i.e., separate initial DL BWP for RedCap, it does not mean it is the same as CORESET#0. The following cases may happen which is shown the the following figure.

[image: ]
Figure 1.  UE determines PDCCH monitoring occasions for SS0 for active BWP containing CORESET#0
Obviously, the following two conditions could be satisfied in the figure:
· the CORESET bandwidth is within the active DL BWP
· the active DL BWP has same SCS configuration and same cyclic prefix as the separate initial DL BWP.
Observation 2: If non-initial active DL BWP contains CORESET#0, it should have the same SCS and CP as separate initial DL BWP, but the separate initial DL BWP could have different SCS and CP as CORESET#0.
This may cause the decoding problems
1. The UE may assume the CORESET#0’s SCS is same as separate initial DL BWP, which may cause decoding failure.
2. The UE know the SCS and CP of CORESET#0, e.g., 15KHz, and also know the non-initial DL active BWP SCS 30KHz. UE decodes CORESET#0 based on 15KHz and other transmissions in separate initial DL BWP based on 30KHz. In this case, the UE may require another capability to decode different transmissions with different SCS in one BWP.
To solve above problem, there are several ways:
Option 1: The separate initial DL BWP for RedCap should have the same SCS and CP as CORESET#0.
Option 2: The non-initial active DL BWP for RedCap should have the same SCS and CP as CORESET#0, if it contains CORESET#0.
Option 3: Define a new UE capability to support SS0 and other Searchspaces with different SCS in one BWP.
For option3, it introduces a new capability even stronger than NR UE, which should be avoided at this stage. For option 2 and option3, it mainly have the impacts on the NW implementation. Therefore, it should be carefully studied.
Proposal 3: Down-select one of the following options to solve the issue that non-initial active DL BWP may have different SCS as CORESET#0 when it contains OCRESET#0.
· Option 1: The separate initial DL BWP for RedCap should have the same SCS and CP as CORESET#0.
· Option 2: The non-initial active DL BWP for RedCap should have the same SCS and CP as CORESET#0, if it contains CORESET#0.
Based on option1, the spec impacts are mainly about the separate initial BWP. An example text proposal in clause 17.1 in TS38.213 is shown as follows
	[bookmark: _Toc161831861]17.1	RedCap UE procedures
Procedures for a RedCap UE are same as described for a UE in all other clauses of this document unless stated otherwise. In this clause, the term 'UE' refers to a RedCap UE.
[bookmark: _Hlk86909075]A UE expects the initial DL BWP and the active DL BWP after the UE (re)establishes dedicated RRC connection to be smaller than or equal to the maximum DL bandwidth that the UE supports. A UE can be provided a DL BWP by initialDownlinkBWP-RedCap in DownlinkConfigCommonSIB, and an UL BWP by initialUplinkBWP-RedCap in UplinkConfigCommonSIB. If initialUplinkBWP in UplinkConfigCommonSIB indicates an UL BWP that is larger than a maximum UL BWP that a UE supports, the UE expects to be provided an UL BWP by initialUplinkBWP-RedCap in UplinkConfigCommonSIB that is smaller than or equal to the maximum UL bandwidth that the UE supports.
If a UE is provided controlResourceSetZero and searchSpaceZero in PDCCH-ConfigSIB1 or PDCCH-ConfigCommon, the UE determines a CORESET for a search space set from controlResourcesetZero as described in clause 13 and for Tables 13-1 through 13-10, and determines corresponding PDCCH monitoring occasions as described in clause 13 and for Tables 13-11 through 13-15. If the active DL BWP is not the initial DL BWP, the UE determines PDCCH monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the active DL BWP has same SCS configuration and same cyclic prefix as the initial DL BWP, wherein the UE assumes the initial DL BWP has the same SCS configuration and cyclic prefix as the DL BWP provided by initialDownlinkBWP or as the PDCCH reception in the CORESET for Type0-PDCCH CSS set.
For unpaired spectrum operation, a RedCap UE does not expect to receive a configuration where the center frequency for an initial DL BWP in which the UE is configured to monitor Type1-PDCCH CSS set, or a CSS set provided by sdt-SearchSpace for random-access based PUSCH transmission as described in clause 19.2, is different than the center frequency for an initial UL BWP in which the RedCap UE may transmit Msg1/Msg3 or MsgA.


And the yellow highlighted part is newly introduced.
Based on option2, an example text proposal in clause 12 in TS38.213 is shown as follows
	[bookmark: _Hlk535002764]For each DL BWP in a set of DL BWPs of the PCell, a UE can be configured CORESETs for every type of CSS sets and for USS as described in clause 10.1. The UE does not expect to be configured without a CSS set on the PCell in the active DL BWP.
If a UE is provided controlResourceSetZero and searchSpaceZero in PDCCH-ConfigSIB1 or PDCCH-ConfigCommon, the UE determines a CORESET for a search space set from controlResourcesetZero as described in clause 13 and for Tables 13-0 through 13-10, and determines corresponding PDCCH monitoring occasions as described in clause 13 and for Tables 13-11 through 13-15. If the active DL BWP is not the initial DL BWP, the UE determines PDCCH monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the active DL BWP has same SCS configuration and same cyclic prefix as the initial DL BWP provided by initialDownlinkBWP or as the PDCCH reception in the CORESET for Type0-PDCCH CSS set.
For each UL BWP in a set of UL BWPs of the PCell, or of the PUCCH-SCell, or of the PUCCH-sSCell the UE is configured resource sets for PUCCH transmissions as described in clause 9.2.1. 



It is noted that ‘provided by initialDownlinkBWP or as the PDCCH reception in the CORESET for Type0-PDCCH CSS set’ is referred to the current spec as follows:
	If a UE is not provided initialDownlinkBWP, an initial DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a CORESET for Type0-PDCCH CSS set, after puncturing if any [4, TS 38.211], and a SCS and a cyclic prefix for PDCCH reception in the CORESET for Type0-PDCCH CSS set; otherwise, the initial DL BWP is provided by initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial UL BWP by initialUplinkBWP. If the UE is configured with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by initialUplinkBWP.



Seems the text proposal based on option2 is simpler. And also, there is no limitation on the separate initial DL BWP configuration. Therefore, a CR and a corresponding shadow CR are contributed.
Proposal 4: The text proposal based on option 2 is slightly preferred.

3. Conclusion
The proposals are summarized as follows.
Observation 1: Based on the current spec, 
· For NR UE, if non-initial active DL BWP contains CORESET#0, the SCS and CP of non-initial active DL should be the same as initial DL BWP for monitoring SS#0.
· For R17 RedCap UE, if non-initial active DL BWP contains CORESET#0, the SCS and CP of non-initial active DL should be the same as separate initial DL BWP if applicable for monitoring SS#0.
Observation 2: If non-initial active DL BWP contains CORESET#0, it should have the same SCS and CP as separate initial DL BWP, but the separate initial DL BWP could have different SCS and CP as CORESET#0.

Proposal 1: Clarify that the RedCap UE in connected mode ignores the information related to kssb and pdcch-ConfigSIB1 in MIB of Rel-17 introduced NCD-SSB. 
Proposal 2: Conclude that how to configure the frequency location of Rel-17 NCD-SSB, and kssb and pdcch-ConfigSIB1 in MIB of the NCD-SSB is up to gNB.
Proposal 3: Down-select one of the following options to solve the issue that non-initial active DL BWP may have different SCS as CORESET#0 when it contains OCRESET#0.
· Option 1: The separate initial DL BWP for RedCap should have the same SCS and CP as CORESET#0.
· Option 2: The non-initial active DL BWP for RedCap should have the same SCS and CP as CORESET#0, if it contains CORESET#0.
Proposal 4: The text proposal based on option 2 is slightly preferred.
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