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Introduction
In this contribution, we mainly discuss the remaining NCR functionalities and NCR-MT capability based on supported features.
Discussion
NCR-MT RRC_IDLE state 
During last RAN2 meeting, whether NCR-MT can be released to RRC_IDLE state is still FFS:
	· On NCR-Fwd ON/OFF:
· When NCR-MT is in RRC_CONNECTED mode, the NCR-Fwd can be ON or OFF following the side control information received from the gNB. 
· After NCR-MT enters RRC_INACTIVE mode, the NCR-Fwd can be ON or OFF following the last configuration received from the gNB.
· Release to RRC-IDLE is FFS.


Recalling that we agreed NCR-MT can support RRC_CONNECTED and RRC_IDLE state in RAN2 #119bis-e meeting.
	· NCR-MT supports RRC_CONNECTED and RRC_IDLE states, FFS on RRC_INACTIVE state (e.g. optional support or not support).


However, since NCR-MT is responsible to receive and process side control information for NCR-Fwd, it is optimal if the NCR-MT could always stay in RRC_CONNECTED state, so that NCR-Fwd could be controlled with the up-to-date configuration. There’s no strong motivation to let NCR-MT go to RRC_IDLE mode again once it is connected to the gNB-cell.
Additionally, NCR-MT’s responsibility is to build backhaul link between NCR and gNB. There’s no actual data transmitting towards the NCR-MT. Therefore, if gNB releases the NCR-MT to RRC_IDLE state, there’s no way for CN to know whether and when to page the NCR-MT back to RRC_CONNECTED state. The only mechanism available in the current specification is for UE itself to initiate the RRC Connection.  This could be done for example, based on some internal timer in the NCR or other implementation specific algorithms.  If these are considered sufficient by a gNB, there is no reason for standards to prohibit an NCR from using RRC_IDLE.
Hence, if gNB decides to release NCR-MT to RRC_IDLE state, it is suggested to leave it up to implementation how NCR-MT is transferred back to RRC_CONNECTED state.  
As NCR-MT supports RRC_IDLE, the discussion here is only whether RRCRelease to IDLE to NCR-MT is prohibited in specification.  
Proposal 1: Standards does not prohibit network from releasing NCR-MT to RRC_IDLE.  It is up to implementation to release NCR-MT to RRC_IDLE state and how to transfer it back to RRC_CONNECTED state. 
NCR-MT Capability
It was agreed in RAN2 #120 meeting to further study whether IAB specific features could be considered as baseline for NCR-MT:
	· In NCR-MT capability discussion, to focus on mandatory features that are required for NCR-MT.
· All existing optional features are considered as applicable to NCR-MT unless explicitly excluded (Same as IAB-MT). FFS on taking IAB specified features as a baseline for future discussion.


In below section, we further discuss whether IAB mandatory feature and optional feature can be applicable for NCR-MT.
Mandatory feature of NCR-MT
As captured in TS38.306 [1], except mandatory features listed in Table 4.2.15.1-1/2/3, all other mandatory/optional features are optional for an IAB-MT.
For RAN1/4 related mandatory features, it is suggested to wait for more progress in RAN1/4.
Proposal 2: Wait for RAN1/4 progress on whether take IAB-MT’s L1 and RRM mandatory feature list as baseline for NCR-MT.
For RAN2 related mandatory features, which are shown as below, based on our observation, NCR-MT has similar functionality with IAB-MT, which is to maintain basic connectivity towards gNB. Therefore, we think it is reasonable to use IAB-MT’s mandatory feature list as baseline.
	IAB-MT mandatory features
Table 4.2.15.1-1, Table 4.2.15.1-2 and Table 4.2.15.1-3 capture feature groups, which are mandatory for an IAB-MT. All other feature groups or components of the feature groups as captured in TR 38.822 [24] as well as capabilities specified in this specification are optional for an IAB-MT, unless indicated otherwise.
	Features 
	Index 
	Feature group 
	Components 
	Additional
information

	0. General 
	N/A 
	IAB procedures 
	1) Routing using BAP protocol, as specified in TS 38.340
[23]
2) Bearer mapping using BAP protocol, as specified in TS
38.340 [23]
3) IAB-node IP address signalling over RRC, as specified
in TS 38.331 [9]
	

	1. PDCP 
	1-0 
	Basic PDCP
procedures
	1) (de)Ciphering on SRB
2) Integrity protection on SRB
3) Timer based SDU discard
4) Re-ordering and in-order delivery
6) Duplicate discarding
7) 18bits SN
	

	2. RLC 
	2-0 
	Basic RLC procedures 
	1) RLC TM
2) RLC AM with 18bits SN
3) SDU discard
	

	
	2-4 
	NR RLC SN size for
SRB
	NR RLC SN size for SRB
	

	3. MAC 
	3-0 
	Basic MAC procedures 
	1) RA procedure on PCell
2) IAB-MT initiated RA procedure (including for beam
recovery purpose)
3) NW initiated RA procedure (i.e. based on PDCCH)
4) Support of ssb-Threshold and association between
preamble/PRACH occasion and SSB
5) Preamble grouping
6) UL single TA maintenance
7) HARQ operation for DL and UL
8) LCH prioritization
9) Prioritized bit rate
10) Multiplexing
11) SR with single SR configuration
12) BSR
13) PHR
14) 8bits and 16bits L field
	

	9. RRC 
	9-1 
	RRC buffer size 
	Maximum overall RRC configuration size 
	45 Kbytes

	
	9-2 
	RRC processing time 
	1) RRC connection establishment
2) RRC connection resume without SCell addition/release
and SCG establishment/modification/release
3) RRC connection reconfiguration without SCell
addition/release and SCG
establishment/modification/release
4) RRC connection re-establishment.
5) RRC connection reconfiguration with sync procedure
6) RRC connection reconfiguration with SCell
addition/release or SCG establishment/modification/release
7) RRC connection resume
8) Initial security activation
9) Counter check
10) UE capability transfer
	1) to 3) 10ms
4) 10ms
5): 10ms +
additional delay
(cell search time
and
synchronization)
defined in TS
38.133
6) and 7) 16ms
7) 10 or 6ms
(See details in
clause 12, TS
38.331)
8) and 9) 5ms
10) 80ms





However, following differences should also be adopted by NCR-MT:
1. Feature “0. General – IAB procedures”
These IAB procedures, e.g. routing, BAP processing, are not applicable to NCR, since there’s no BAP processing at NCR-MT.
2. PDCP and RLC SN bit
There’s no user service traffic towards NCR-MT, since it is only responsible for building control link between NCR and gNB cell. Recalling that the long SN bit of PDCP and RLC is mainly designed for high throughput. Hence, similar as Redcap, we think there’s no need to support long SN bit in PDCP and RLC layer, i.e. 18 bit length of PDCP SN and RLC SN can be optional feature to NCR-MT.
Proposal 3: NCR-MT’s mandatory feature takes IAB-MT mandatory feature list as baseline, except:
· Not support IAB procedures for NCR-MT
· 18bit length of PDCP SN and RLC SN is optional to NCR-MT.
Optional feature of NCR-MT
NCR is expected to be a cost-effective device, compared to IAB node. Therefore, to further reduce cost compared to IAB node, we think there’s no strong motivation to let NCR-MT support all optional features. 
First of all, as captured in TS38.306 [1], following optional features are not applicable to RedCap UE:
	CA, MR-DC, DAPS, CPAC and IAB (i.e., the RedCap UE is not expected to act as IAB node) related UE
features and corresponding capabilities are not supported by RedCap UEs. All other feature groups or
components of the feature groups as captured in TR 38.822 [24] as well as capabilities specified in this
specification remain applicable for RedCap UEs same as non-RedCap UEs, unless indicated otherwise.


A similar approach as RedCap can also be considered for NCR-MT, except IAB (which will be discussed separately in below section). 
Proposal 4: CA, MR-DC, DAPS, CPAC related UE features and corresponding capabilities are not supported by NCR-MT.
Additionally, for other optional features are used by IAB-MT, we further discuss whether those are applicable to NCR-MT or not:
General parameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	bh-RLF-DetectionRecovery-Indication-r17
Indicates whether the IAB-MT supports BH RLF detection indication and BH RLF
recovery indication handling as specified in TS 38.331 [9] and in TS 38.340 [23]
	IAB
MT
	No 
	No 
	No

	bh-RLF-Indication-r16
Indicates whether the IAB-MT supports BH RLF indication handling as specified in
TS 38.331 [9] and in TS 38.340 [23]
	IAB
MT
	No 
	No 
	No

	directSN-AdditionFirstRRC-IAB-r16
Indicates whether the IAB-MT supports direct SN addition in the first RRC
connection reconfiguration after RRC connection establishment.
	IAB
MT
	No 
	No 
	No


bh-RLF-DetectionRecovery-Indication-r17 and bh-RLF-Indication-r16 are specifically designed for an IAB-MT, where a BH RLC Channel exists. Hence, NCR-MT doesn’t need to support these two features.
Similarly, as discussed above, MR-DC is not applicable to NCR-MT, NCR-MT also doesn’t need to support directSN-AdditionFirstRRC-IAB-r16.
Observation 1: General parameters optional capability of IAB-MT (i.e. bh-RLF-DetectionRecovery-Indication-r17, bh-RLF-Indication-r16, and directSN-AdditionFirstRRC-IAB-r16) are not applicable to NCR-MT
SDAP parameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	sdap-QOS-IAB-r16
Indicates whether the IAB-MT supports flow-based QoS and multiple flows to 1 DRB mapping, as specified in TS 37.324 [25].
	IAB
MT
	No 
	No 
	No

	sdapHeaderIAB-r16
Indicates whether the IAB-MT supports UL SDAP header and SDAP End-marker, as
specified in TS 37.324 [25].
	IAB
MT
	No 
	No 
	No


Similar as IAB-MT, SDAP layer is required to support DRB for configuration. Therefore, since DRB is optional supported, SDAP is also optional supported by NCR-MT.
Observation 2: SDAP QoS and SDAP header are optional for NCR-MT.
PDCP parameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	drb-IAB-r16
Indicates whether the IAB-MT supports DRB configuration including split DRB with one UL path, (de)ciphering on DRB and PDCP status reporting.
	IAB
MT
	No 
	No 
	No

	non-DRB-IAB-r16
Indicates whether the IAB-MT supports SRB2 configuration without a DRB, as
specified in TS 38.331 [9].
	IAB
MT
	No 
	No 
	No


Different from NCR-MT, DRB is optional for an IAB-MT. It was agreed in RAN2 #120 meeting that there are three options of configuring DRB for a NCR-MT, i.e. 1 DRB, 16 DRB or no DRB.  
	· NCR-MT indicates the maximum number of supported DRB in UE capability, values {1, 16}. If absent, the NCR-MT does not support DRB.


Therefore, a separate capabilities is proposed to indicate optional DRB for NCR-MT, i.e. supportedNumberOfDRBs-NCR-r18, as captured in the companion contribution [2]. However, in our understanding, optional DRB should be captured in General parameter, rather than in functional protocol layer.
Proposal 5: Introduce supportedNumberOfDRBs-NCR-r18 as UE capability general parameter for NCR-MT. 
It was also agreed that NCR-MT supports SRB2. Similar as IAB-MT, as DRB is also optional for NCR-MT, SRB2 can be supported without DRB.
Observation 3: non-DRB-IAB-r16 is applicable for NCR-MT.
BAP parameters
Since BAP layer is IAB-MT specific, and NCR-MT doesn’t have such functionality. Hence, it is straightforward that BAP parameters are not applicable to NCR-MT.
Observation 4: BAP parameters of IAB-MT are not applicable to NCR-MT.
MAC parameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	lcg-ExtensionIAB-r17
Indicates whether the IAB-MT supports extended logical channel group as specified
in TS 38.321 [8]. A UE supporting this feature shall also support Extended Buffer
Status Report formats.
	IAB
MT
	No 
	No 
	No

	lcid-ExtensionIAB-r16
Indicates whether the IAB-MT supports extended Logical Channel ID space using
two-octet eLCID, as specified in TS 38.321 [8].
	IAB
MT
	No 
	No 
	No

	preEmptiveBSR-r16
Indicates whether the IAB-MT supports Pre-emptive BSR as specified in TS 38.321
[8].
	IAB
MT
	No 
	No 
	No


During Rel-16 and Rel-17 discussion, the main motivation of supporting LCG and LCID extension is to accommodate a large number of UE/IAB-nodes’ connection in BH RLC Channel. For NCR, NCR-Fwd is a pure RF chain, which doesn’t need to be aware of logical channel of different UEs that connect to it. Hence, all MAC optional features of IAB-MT are not applicable to NCR-MT.
Observation 5: MAC optional capability of IAB-MT (i.e. lcg-ExtensionIAB-r17, lcid-ExtensionIAB-r16, and preEmptiveBSR-r16) is not applicable to NCR-MT
MeasAndMobParameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	eventA-MeasAndReport
Indicates whether the IAB-MT supports NR measurements and events A triggered
reporting as specified in TS 38.331 [9].
	IAB
MT
	Yes 
	Yes 
	No

	handoverInterF
Indicates whether the IAB-MT supports inter-frequency HO. It indicates the support
for inter-frequency HO from the corresponding duplex mode if this capability is
included in fdd-Add-UE-NR-Capabilities or tdd-Add-UE-NR-Capabilities. It indicates the support for inter-frequency HO from the corresponding frequency range if this capability is included in fr1-Add-UE-NR-Capabilities or fr2-Add-UE-NR-Capabilities.
	IAB
MT
	No 
	Yes 
	Yes

	mfbi-IAB-r16
Indicates whether the IAB-MT supports multiple frequency band indication.
	IAB
MT
	No 
	No 
	No

	intraAndInterF-MeasAndReport
Indicates whether the IAB-MT supports NR intra-frequency and inter-frequency
measurements and at least periodical reporting.
	IAB
MT
	Yes 
	Yes 
	No


Since are part of Feature Group “4-1 intra-NR measurement and report” which was discussed earlier and need to be mandatorily supported, there’s no need to have a separate IE to capture this mandatory feature.
It was agreed in RAN2 #120 meeting that handover is not supported by NCR-MT. Hence, different from IAB-MT (which are optional features), eventA-MeasAndReport intraAndInterF-MeasAndReport, and handoverInterF are not supported by NCR-MT.
	· In Rel-18, NCR-MT does not support handover and RRM measurements in RRC_CONNECTED.


Observation 6: eventA-MeasAndReport intraAndInterF-MeasAndReport, mfbi-IAB-r16 and handoverInterF are not supported by NCR-MT.
MR-DC parameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	f1c-OverEUTRA-r16
Indicates whether the IAB-MT supports F1-C signalling over DLInformationTransfer and ULInformationTransfer messages via MN when IAB-MT operates in EN-DC mode, as specified in TS 36.331 [17].
	IAB
MT
	No 
	No 
	No

	scg-DRB-NR-IAB-r16
Indicates whether the IAB-MT supports SCG DRB with NR PDCP when IAB-MT
operates in EN-DC mode.
	IAB
MT
	No 
	No 
	No

	interNR-MeasEUTRA-IAB-r16
Indicates whether the IAB-MT supports NR measurement and reports while in EUTRA connected and event B1-based measurement and reports while in EUTRA connected.
	IAB
MT
	No 
	No 
	No


As discussed above, MR-DC is not supported by NCR-MT. Additionally, to control NCR, a network node that a NCR-MT is connected to is required to be a gNB with capability to send side control information. Hence, all above optional features which are related to LTE/MR-DC are not applicable to NCR-MT.
NRDC parameters
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	f1c-OverNR-RRC-r17
Indicates whether the IAB-MT supports F1-C signalling over DLInformationTransfer
and ULInformationTransfer messages via MN when IAB-MT operates in NR-DC andMN is the non-F1-termination node or via SN when IAB-MT operates in NR-DC andSN is the non-F1-termination node, as specified in TS 38.401 [33] and TS 37.340
[7].
	IAB
MT
	No 
	No 
	No

	simultaneousRxTx-IAB-MultipleParents-r17
Indicates the support of simultaneous transmission and reception of an IAB-node
from multiple parent nodes.
	BC 
	No 
	No 
	No


Considering NCR does not support CU/DU split and CP/UP split for control plane signaling robustness, F1-C over NR RRC is not applicable to NCR-MT. Besides, NCR is directly connected to a gNB cell without multiple hops, simultaneous RxTx from multiple parents is also not applicable to NCR-MT.
Observation 7: NRDC related optional capability of IAB-MT (i.e. f1c-OverNR-RRC-r17 and simultaneousRxTx-IAB-MultipleParents-r17) is not applicable to NCR-MT.
Based on above observations, we therefore propose IAB-MT optional features in are not applicable to NCR-MT.
Proposal 6: IAB-MT optional features are not applicable to NCR-MT, except SDAP parameters and non-DRB-IAB-r16.
Structure of NCR-MT capability
It is noted that some optional UE capabilities (e.g. SDAP parameters, non-DRB-IAB-r16) of IAB-MT/Redcap UE may also be adopted by NCR-MT, considering the similarities between the two. 
There are two options to capture those similar optional UE capabilities:
Option 1: Reuse existing UE capability IE of IAB-MT/RedCap UE and add “this UE capability is also applicable for NCR-MT” in the field description
Option 2: Introduce additional bits for NCR-MT, i.e. define a bit specifically for NCR-MT with the same optionality but with NCR-MT in the capability name
It is suggested RAN2 to discuss which option is used to capture the common optional UE capabilities for NCR-MT.
Proposal 7: RAN2 to select how to capture common optional UE capabilities between IAB-MT/RedCap UE and NCR-MT:
Option 1: reuse existing UE capability IE and add “this UE capability is also applicable for NCR-MT” in the field description
Option 2: Introduce additional bits for NCR-MT
Conclusion
In this contribution, we discussed RRC_IDLE state of NCR-MT. Furthermore, the NCR-MT’s capability is also discussed, including mandatory feature and optional features.
We have following observations and proposals:
RRC_IDLE
Proposal 1: Standards does not prohibit network from releasing NCR-MT to RRC_IDLE.  It is up to implementation to release NCR-MT to RRC_IDLE state and how to transfer it back to RRC_CONNECTED state. 
Capability
Proposal 2: Wait for RAN1/4 progress on whether take IAB-MT’s L1 and RRM mandatory feature list as baseline for NCR-MT.
Proposal 3: NCR-MT’s mandatory feature takes IAB-MT mandatory feature list as baseline, except:
· Not support IAB procedures for NCR-MT
· 18bit length of PDCP SN and RLC SN is optional to NCR-MT.
Proposal 4: CA, MR-DC, DAPS, CPAC related UE features and corresponding capabilities are not supported by NCR-MT.
Observation 1: General parameters optional capability of IAB-MT (i.e. bh-RLF-DetectionRecovery-Indication-r17, bh-RLF-Indication-r16, and directSN-AdditionFirstRRC-IAB-r16) are not applicable to NCR-MT
Observation 2: SDAP QoS and SDAP header are optional for NCR-MT.
Proposal 5: Introduce supportedNumberOfDRBs-NCR-r18 as UE capability general parameter for NCR-MT. 
Observation 3: non-DRB-IAB-r16 is applicable for NCR-MT.
Observation 4: BAP parameters of IAB-MT are not applicable to NCR-MT.
Observation 5: MAC optional capability of IAB-MT (i.e. lcg-ExtensionIAB-r17, lcid-ExtensionIAB-r16, and preEmptiveBSR-r16) is not applicable to NCR-MT
Observation 6: eventA-MeasAndReport intraAndInterF-MeasAndReport, mfbi-IAB-r16 and handoverInterF are not supported by NCR-MT.
Observation 7: NRDC related optional capability of IAB-MT (i.e. f1c-OverNR-RRC-r17 and simultaneousRxTx-IAB-MultipleParents-r17) is not applicable to NCR-MT.
Proposal 6: IAB-MT optional features are not applicable to NCR-MT, except SDAP parameters and non-DRB-IAB-r16.
Structure of capability
Proposal 7: RAN2 to select how to capture common optional UE capabilities between IAB-MT/RedCap UE and NCR-MT:
Option 1: reuse existing UE capability IE and add “this UE capability is also applicable for NCR-MT” in the field description
Option 2: Introduce additional bits for NCR-MT
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