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[bookmark: _Ref178064866]1	Introduction
This contribution will discuss several RRC issues with different categories.
Corrections and clarifications:
· Guard band signaling impact on licensed UEs 
· Paging clarification in Section 6.5;

Miscellaneous corrections:
· Naming alignments and avoidance of long field names to follow ASN.1 naming convention;
· General signaling improvements on searchSpaceGroupId signaling
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2	Discussion
2.1	Guard band signaling impact on UEs operating in licensed spectrum
2.1.1	Current guard band signaling
======== Current ASN.1 guard band signaling in TS 38.331 and corresponding field description =================
ServingCellConfig ::=               SEQUENCE {

-- removed irrelevant parts 

    intraCellGuardBandsUL-r16           IntraCellGuardBands-r16                                                 OPTIONAL,   -- Need S
    intraCellGuardBandsDL-r16           IntraCellGuardBands-r16                                                 OPTIONAL,   -- Need S

-- removed irrelevant parts
}

IntraCellGuardBands-r16 ::=            SEQUENCE (SIZE (1..4)) OF GuardBand-r16

GuardBand-r16 ::=                      SEQUENCE {
     startCRB-r16                          INTEGER (0..274),
     nrofCRBs-r16                          INTEGER (0..15)
}

	intraCellGuardBandsDL, intraCellGuardBandsUL
List of intra-cell guard bands in a serving cell. For each entry in the list, startCRB indicates the starting RB of the guard band and nrofCRBs indicates the length of the guard band in RBs. For intraCellGuardBandsUL, when nrofCRBs is 0, zero-size or no guard band is used. If not configured, the guard bands are defined according the TS 38.104 [12] and 38.101-1 [15].



======== End of current guard band signaling in TS 38.331 and corresponding field description =================
2.1.2	Updates needed according to RAN1 agreements and RRC language
[bookmark: _Toc39501586]At RAN1#100b-e, the following agreement was made about “zero-size guard bands” for the UL: 
To support UL bandwidth part wider than 20 MHz with no intra-cell guard band, UE can be configured with zero GBs by setting GB width to 0 when configuring intraCellGuardBandUL-r16 (e.g., such gNB creates 4 RB-sets in 80MHz UL carrier).
Corresponding agreements were made for DL at RAN1#101-e:
The UE expects nrofCRBs-r16 set to 0 for all guard bands between two adjacent RB sets within the DL carrier.
· Only the agreement on uplink was captured in the field description, while the DL part is still missing. Also, the same configuration of zero-size guard bands have been agreed for the downlink.
· “no” guard band can be removed because a carrier without guard bands is configured with “zero-size” guard bands. 
· The wording “if any” captures that for 20 MHz carriers there are no guard bands (as captured in 38.101-1).
· The UE procedures for transmitting and receiving on a carrier with intra-cell guard bands are captured in TS 38.314, clause 7. The reference thus needs to be corrected in the field description.
· RRC typically uses “absent” instead of “not configured”
The above changes are captures below:
======== Start of correction of field description =================
	intraCellGuardBandsDL, intraCellGuardBandsUL
List of intra-cell guard bands in a serving cell. For each entry in the list, startCRB indicates the starting RB of the guard band and nrofCRBs indicates the length of the guard band in RBs. For intraCellGuardBandsUL and intraCellGuardBandsDL, when nrofCRBs is 0, zero-size or no guard band(s) are is used. If not configured absent, the guard bands, if any, are defined according to the TS 38.104 [12] TS 38.314 [19], clause 7 and 38.101-1 [15]. 



======== End of correction =================
2.1.3	Issues with the current signaling
The current signaling and corresponding field description would also make UEs operating in licensed spectrum configure the guard bands as defined in TS 38.104, whereas the guard bands are only applicable for operation with shared spectrum channel access.

Intended behavior is the following:
1. Field is absent: 
0. Unlicensed UEs: Act according to the default configuration in 38.101 (this comprises RB set covers the full 20 MHz carrier, i.e. no guard bands, and RB set and guard bands configured as provided in 38.101)
0. Licensed UEs: no action; “this field is only used for shared spectrum operation. If absent, a UE operating with shared spectrum channel access shall configure the guard band according to TS 38.101. For licensed spectrum, this field is not configured and no UE action is required.”
1. Field is present: 
1. Unlicensed UEs: Configure the RB sets and (potentially zero-size) guard bands according to the provided parameters
1. Not allowed for licensed spectrum
2.1.4	Approaches to solve the issues on guard band signaling
Option 1: Add a CHOICE structure and remove Need -S tagging
This option is according to ASN.1 review recommendation, see summary document R2-2006301 [2].
[067] Conclusion E252: On ASN.1 review recommendation, consider in NR-U short email discussion to introduce e.g. CHOICE structure, to avoid applying a default behaviour upon absence of intraCellGuardBandUL-16 and intraCellGuardBandDL-r16. 

=====  changes according to option 1 =============
ServingCellConfig ::=               SEQUENCE {

-- removed irrelevant parts 

    intraCellGuardBandsUL-r16           IntraCellGuardBands-r16 CHOICE {
		default									NULL,
		explicit								IntraCellGuardBands-r16                                                 
	} OPTIONAL,   -- Need S
    intraCellGuardBandsDL-r16           IntraCellGuardBands-r16 CHOICE {
		default									NULL,
		explicit								IntraCellGuardBands-r16                                                 
	} OPTIONAL,   -- Need S

-- removed irrelevant parts
}

IntraCellGuardBands-r16 ::=            CHOICE {
	default									NULL,
	explicit								SEQUENCE (SIZE (1..4)) OF GuardBand-r16
}

GuardBand-r16 ::=                      SEQUENCE {
     startCRB-r16                          INTEGER (0..274),
     nrofCRBs-r16                          INTEGER (0..15)
}

	intraCellGuardBandsDL, intraCellGuardBandsUL
List of intra-cell guard bands in a serving cell. This field is only configured for operation with shared spectrum channel operation. If set to explicit: For each entry in the list, startCRB indicates the starting RB of the guard band and nrofCRBs indicates the length of the guard band in RBs. For intraCellGuardBandsUL and intraCellGuardBandsDL, when nrofCRBs is 0, zero-size or no guard band(s) are is used. If configured set to default,  the guard bands, if any, are defined according to the TS 38.104 [12] TS 38.314 [19], clause 7 and 38.101-1 [15].



=====  end of changes according to option 1 =============
· Impact analysis on guard band signaling: 
· No change for zero-size guard bands (guard band start and length are explicitly signaled as before)
· Only 1 additional bit needed to indicate default guard band, i.e. cheap in terms of signaling overhead 
· Field is always present for operation with shared spectrum channel access; otherwise, for operation in licensed spectrum the field will be absent and indicates that no UE action is required.
· Advantages:
· Clean from ASN.1 perspective
· For licensed spectrum, the field will not be signaled and does not impact UEs operating in licensed spectrum
· Drawback: small impact on ASN.1 and minor change to TS 38.213

Option 2: Add clarification in the field description about exception to licensed spectrum with alignment to RRC language.
=====  change of field description according to option 2 =============
	intraCellGuardBandsDL, intraCellGuardBandsUL
List of intra-cell guard bands in a serving cell used for operation with shared spectrum channel access. For each entry in the list, startCRB indicates the starting RB of the guard band and nrofCRBs indicates the length of the guard band in RBs. For intraCellGuardBandsUL and intraCellGuardBandsDL, when nrofCRBs is 0, zero-size or no guard band(s) are is used. If not configured absent, the guard bands, if any, are defined according to the TS 38.104 [12] TS 38.314 [19], clause 7 and 38.101-1 [15]. For licensed spectrum, this field is absent and no UE action is required.



=====  end of change according to option 2 =============
· Advantage: No impact on RAN1 agreements and specification text on default guard band signaling.
· Drawbacks: 
· UEs in licensed spectrum can actually ignore the specified UE behavior indicated by Need -S absence behavior 
· Less intuitive ASN.1 reading and unnecessary description about exceptions for the UE behavior
[bookmark: _Toc47629863][bookmark: _Toc47645974]RAN2 to decide how to remove the impact on UEs operating in licensed spectrum
2.2 	Paging clarification in Section 6.5
2.2.1	Current specification text in Section 6.5 	
======== Current text in Section 6.5 =========================
Short Messages can be transmitted on PDCCH using P-RNTI with or without associated Paging message using Short Message field in DCI format 1_0 (see TS 38.212 [17], clause 7.3.1.2.1).
Table 6.5-1 defines Short Messages. Bit 1 is the most significant bit.
Table 6.5-1: Short Messages
	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
If set to 1: stop monitoring PDCCH occasions(s) for paging in this Paging Occasion.

	4 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.



If stopPagingMonitoring bit is set to 1, the UE may stop monitoring PDCCH monitoring occasion(s) for paging in that Paging Occasion (PO) as specified in TS 38.304 [20].
======== End of current text in Section 6.5 ================
2.2.2	Issues with the text in Section 6.5
The text highlighted above is partly repeating the description for the stopPagingMonitoring bit. Furthermore, it is only relevant for that bit. Therefore, we propose to move/merge that sentence to the description of the stopPagingMonitoring bit.
Furthermore, the description does not mention that the bit is only applicable if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present when operating with shared spectrum channel access. If nrofPDCCH-MonitoringOccasionPerSSB-InPO is not present, there are no additional PDCCH monitoring occasions, and thus, the UE paging monitoring behaviour would remain unchanged. 
[bookmark: _Toc47629866][bookmark: _Toc47645975]Include all descriptions relevant for stopPagingMonitoring in the corresponding bit description of the Short Message.
[bookmark: _Toc47629867][bookmark: _Toc47645976]Clarify that the stopPagingMonitoring bit is only applicable for operation with shared spectrum channel access and only if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
======== Text proposal for Section 6.5 =========================
Table 6.5-1: Short Messages
	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
This bit can be used for operation with shared spectrum channel access if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
If set to 1: indication that the UE may stop monitoring PDCCH occasions(s) for paging in this Paging Occasion (PO) as specified in TS 38.304 [20].

	4 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.



If stopPagingMonitoring bit is set to 1, the UE may stop monitoring PDCCH monitoring occasion(s) for paging in that Paging Occasion (PO) as specified in TS 38.304 [20].
======== End of text proposal for Section 6.5 =========================
2.3 	Miscellaneous corrections
2.3.1	Naming alignments and avoidance of long field names to comply with ASN.1 naming convention
According to clause A.3.1.2 ASN.1 identifier naming conventions: “Identifiers, other than PDU identifiers, longer than 25 characters should be avoided where possible.”
2.3.1.1	UnlicensedParametersPerBand capabilities
We had agreed to avoid using the name “unlicensed” in RAN specifications. Instead, we have used “shared spectrum channel access” and to cover Frame Based Equipment and Load Based Equipment behavior, we refer to “channel access modes”.
	Abbreviation
	Abbreviated word

	Param(s)
	Parameter(s)



The UnlicensedParametersPerBand is signalled as a child of BandNR, and thus, we do not need to repeat in the IE name that these parameters are per band.
UnlicensedParametersPerBand is signalled as a child of BandNR.
Also, since we do not use “unlicensed” in the RAN specifications and use shared spectrum channel access and channel access mode to point to cover the semi-static and dynamic channel access modes, we propose to align such naming and to keep the names short, we propose to replace “UnlicensedParametersPerBand” with “SharedSpectrumChAccessParams”.
Parameters related to channel access modes can be grouped to “ChannelAccessParameters”.
[bookmark: _Toc47629868][bookmark: _Toc47645977]“UnlicensedParametersPerBand” is replaced with “SharedSpectrumChAccessParams” 
[bookmark: _Toc47629869][bookmark: _Toc47645978]Group channel access related capabilities in “ChannelAccessParameters” 
2.3.1.2	Search space switching
=========== Current parameter names =============
In SlotFormatIndicator:
    [[
    availableRB-SetsToAddModList-r16  SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF AvailableRB-SetsPerCell-r16   OPTIONAL, -- Need N
    availableRB-SetsToRelease-r16     SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex                 OPTIONAL, -- Need N
    searchSpaceSwitchTriggerToAddModList-r16     SEQUENCE (SIZE(1..4)) OF SearchSpaceSwitchTrigger-r16                        OPTIONAL, -- Need N
    searchSpaceSwitchTriggerToReleaseList-r16 SEQUENCE (SIZE(1..4)) OF ServCellIndex                                          OPTIONAL, -- Need N
    co-DurationsPerCellToAddModList-r16 SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF CO-DurationsPerCell-r16     OPTIONAL, -- Need N
    co-DurationsPerCellToReleaseList-r16 SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex              OPTIONAL  -- Need N
    ]]
}

	searchSpaceSwitchTriggerToAddModList
A list of SearchSpaceSwitchingTrigger objects. Each SearchSpaceSwitchingTrigger object provides position in DCI of the bit field indicating search space switching flag for a serving cell or, if CellGroupsForSwitching-r16 is configured, group of serving cells (see TS 38.213 [13], clause 11.5.2).



	SearchSpaceSwitchTrigger field descriptions

	positionInDCI
The position of the bit within DCI payload containing a search space switching flag (see TS 38.213 [13], clause 11.5.2).

	servingCellId
The ID of the serving cell for which the configuration is applicable or the group of serving cells as indicated by CellGroupsForSwitching-r16 containing this servingCellId.



In PDCCH-Config:
    [[
    controlResourceSetToAddModList2-r16 SEQUENCE (SIZE (1..2)) OF ControlResourceSet                     OPTIONAL,   -- Need N
    controlResourceSetToReleaseList-r16 SEQUENCE (SIZE (1..5)) OF ControlResourceSetId-r16               OPTIONAL,   -- Need N
    searchSpacesToAddModListExt-r16     SEQUENCE(SIZE (1..10)) OF SearchSpaceExt-r16                     OPTIONAL,   -- Need N
    searchSpaceSwitchingTimer-r16       INTEGER (1..80)                                                  OPTIONAL,    -- Need R
[bookmark: _Hlk43320372]    cellGroupsForSwitchingList-r16      SEQUENCE(SIZE (1..4)) OF CellGroupForSwitching-r16               OPTIONAL,   -- Need R
    uplinkCancellation-r16              SetupRelease { UplinkCancellation-r16 }                          OPTIONAL,   -- Need M
    monitoringCapabilityConfig-r16      ENUMERATED { r15monitoringcapability,r16monitoringcapability }   OPTIONAL,  -- Need M
    searchSpaceSwitchingDelay-r16       INTEGER (10..52)                                                 OPTIONAL    -- Need R
    ]]

=========== End of current parameter names =============
In order to align the parameter names and to limit the number of characters, it is proposed to shorten the names and use “switch” consistently instead of “switching”, as shown below. Also, the field name “searchSpaceSwitchingTriggerToAddMod” can be shortened to “switchTriggerToAddMod”.
[bookmark: _Toc47629870][bookmark: _Toc47645979]Shorten the search space switching related names in SlotFormatIndicator and PDCCH-Config and use “switch” consistently instead of “switching”.
[bookmark: _Toc47629871][bookmark: _Toc47645980]In PDCCH-Config, add “SearchSpaceSwitchConfig” parameter to group all the search space switching related parameters.
=========== Start of proposed modifications =============
In SlotFormatIndicator:
    [[
    availableRB-SetsToAddModList-r16  SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF AvailableRB-SetsPerCell-r16   OPTIONAL, -- Need N
    availableRB-SetsToRelease-r16     SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex                 OPTIONAL, -- Need N
    searchSpaceSwitchTriggerToAddModList-r16     SEQUENCE (SIZE(1..4)) OF SearchSpaceSwitchTrigger-r16                        OPTIONAL, -- Need N
    searchSpaceSwitchTriggerToReleaseList-r16 SEQUENCE (SIZE(1..4)) OF ServCellIndex                                          OPTIONAL, -- Need N
    co-DurationsPerCellToAddModList-r16 SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF CO-DurationsPerCell-r16     OPTIONAL, -- Need N
    co-DurationsPerCellToReleaseList-r16 SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex              OPTIONAL  -- Need N
    ]]
}

	searchSpaceSwitchTriggerToAddModList
A list of SearchSpaceSwitchingTrigger objects. Each SearchSpaceSwitchingTrigger object provides position in DCI of the bit field indicating search space switching flag for a serving cell or, if CellGroupsForSwitching-r16 is configured, group of serving cells (see TS 38.213 [13], clause 11.5.2).



The above parameters in PDCCH-Config related to search space switching can be grouped in searchSpaceSwitchConfig-r16 as follows:
    [[
    controlResourceSetToAddModList2-r16 SEQUENCE (SIZE (1..2)) OF ControlResourceSet                     OPTIONAL,   -- Need N
    controlResourceSetToReleaseList-r16 SEQUENCE (SIZE (1..5)) OF ControlResourceSetId-r16               OPTIONAL,   -- Need N
    searchSpacesToAddModListExt-r16     SEQUENCE(SIZE (1..10)) OF SearchSpaceExt-r16                     OPTIONAL,   -- Need N
    searchSpaceSwitchingTimer-r16       INTEGER (1..80)                                                  OPTIONAL,    -- Need R
    cellGroupsForSwitchingList-r16      SEQUENCE(SIZE (1..4)) OF CellGroupForSwitching-r16               OPTIONAL,   -- Need R
    uplinkCancellation-r16              SetupRelease { UplinkCancellation-r16 }                          OPTIONAL,   -- Need M
    monitoringCapabilityConfig-r16      ENUMERATED { r15monitoringcapability,r16monitoringcapability }   OPTIONAL,  -- Need M
    searchSpaceSwitchingDelay-r16       INTEGER (10..52)                                                 OPTIONAL    -- Need R
    searchSpaceSwitchConfig-r16       	SearchSpaceSwitchConfig-r16
]]

SearchSpaceSwitchConfig ::=			SEQUENCE {
	searchSpaceSwitchTimer-r16			INTEGER (1..80)                                                  OPTIONAL,   -- Need R                                                 
    cellGroupsForSwitchList-r16      	SEQUENCE(SIZE (1..4)) OF CellGroupForSwitch-r16               	 OPTIONAL,   -- Need R
    searchSpaceSwitchDelay-r16       	INTEGER (10..52)                                                 OPTIONAL    -- Need R
}

CellGroupForSwitching-r16 ::=       SEQUENCE(SIZE (1..16)) OF ServCellIndex

=========== End of proposed modifications =============
Other related parameter names:
In UnlicensedParametersPerBand, the corresponding capability names refer to “search space set group switching”, while the corresponding parameter names refer to “search space switching groups” or “search space switch groups”, respectively. Therefore, it is proposed to shorten/align the names in the capability signaling as indicated below.
[bookmark: _Toc47629872][bookmark: _Toc47645981]In UnlicensedParametersPerBand capability signaling, add “SearchSpaceSwitchConfig” parameter to group all the search space switching related parameters.
	Current names
	Proposed names for alignment compliant with ASN.1 naming convention

	searchSpaceSetGroupSwitchingwithDCI-r16             
searchSpaceSetGroupSwitchingwithoutDCI-r16             
searchSpaceSetGroupSwitchingcapability2-r16         
	searchSpaceSwitchWithDCI-r16             
searchSpaceSwitchWithoutDCI-r16             
searchSpaceSwitchCapability2-r16         



2.3.2	Signaling enhancements	
2.3.2.1	Current search space group ID configuration
===== Current search space group ID configuration ============ 
In SearchSpace:
searchSpaceGroupIdList-r16                      SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)           OPTIONAL,    -- Need R

	searchSpaceGroupIdList
List of search space group IDs which the search space is associated with. The network configures at most 2 search space groups per BWP where the group ID is either 0 or 1.



===== End of current search space group ID configuration ============ 
2.3.2.2	Issues with the current implementation
Since RAN1 has decided to limit the number of search space groups to 2 search space groups, the current implementation requires the signaling of 2 integer values. It is not obvious from the ASN.1 code what is the meaning of the INTEGER values, though.
A simpler structure which requires only 2 bits can be realized as follows:
===== Start of change proposal ============ 
	searchSpaceGroupIdList-r16                      SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)           OPTIONAL,    -- Need R
	isInSearchSpaceGroupZero        ENUMERATED {true}   OPTIONAL, -- Need R
	isInSearchSpaceGroupOne         ENUMERATED {true}   OPTIONAL, -- Need R

	searchSpaceGroupIdListsisInSeachSpaceGroupZero
Indicates whether search space group IDs which the search space is associated with search space group ID 0. The network configures at most 2 search space groups per BWP where the group ID is either 0 or 1.

	isInSearchSpaceGroupOne         
Indicates whether the search space is associated with search space group ID 1.



===== End of change proposal ============ 
Advantages:
· Simpler structure for better code readability; as a side effect, there will also be less signaling overhead
Drawback:
· Small impact on RAN1 specifications
[bookmark: _Toc47629873][bookmark: _Toc47645982]Use 1-bit indications to indicate whether a search space set belongs to group ID 0 and/or group ID 1  instead of providing a list of integer values representing the group IDs.
3	Conclusion
In the previous sections we made the following observations: 
Proposal 1	RAN2 to decide how to remove the impact on UEs operating in licensed spectrum
Proposal 2	Include all descriptions relevant for stopPagingMonitoring in the corresponding bit description of the Short Message.
Proposal 3	Clarify that the stopPagingMonitoring bit is only applicable for operation with shared spectrum channel access and only if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
Proposal 4	“UnlicensedParametersPerBand” is replaced with “SharedSpectrumChAccessParams”
Proposal 5	Group channel access related capabilities in “ChannelAccessParameters”
Proposal 6	Shorten the search space switching related names in SlotFormatIndicator and PDCCH-Config and use “switch” consistently instead of “switching”.
Proposal 7	In PDCCH-Config, add “SearchSpaceSwitchConfig” parameter to group all the search space switching related parameters.
Proposal 8	In UnlicensedParametersPerBand capability signaling, add “SearchSpaceSwitchConfig” parameter to group all the search space switching related parameters.
Proposal 9	Use 1-bit indications to indicate whether a search space set belongs to group ID 0 and/or group ID 1  instead of providing a list of integer values representing the group IDs.
[bookmark: _In-sequence_SDU_delivery]
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