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1 Introduction
This paper aims at the definition and reduced capabilities for RedCap UE, mainly on the below WID and provides our views on NCD-SSB based measurement.
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.

· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.

· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)

· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]

· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.


2 Discussion
2.1 RedCap UE type definition

	· A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
· Further discuss whether to capture also one or more of the following reduced capabilities to RedCap UE type description

· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers

· Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands

· Supports either DL up to 64 QAM or up to 256 QAM for FR1

· Does not support CA/DC


RAN1 agreement in RAN#106-e meeting implies that the RedCap UE type definition can be left to RAN1. Therefore, we propose that RAN2 can wait for more RAN1 progress on this issue.
Proposal 1: RAN2 wait for more RAN1 conclusion on the RedCap UE type definition.
2.2 Higher layer capabilities

In the TR 38.822, the 4-5 ANR features includes:

	ANR
	Capability signalling

Field name in TS 38.331
	Note
	In legacy in Mandatory/Optional
	RedCap UE

	1) CGI reporting of EUTRA cell when EN-DC is not configured
	1) eutra-CGI-Reporting
	SA only
	Mandatory with capability signalling
	

	2) CGI reporting of NR cell when EN-DC is not configured
	2) nr-CGI-Reporting
	
	
	

	3) CGI reporting of NR cell when EN-DC is configured
	3) nr-CGI-Reporting-ENDC
	EN-DC only
	
	Not supported


- The ANR features is mandatory but with capability signalling for non-RedCap UE, which is allowed to report “not supported”.

- ANR features require UE to read the SI of the neighbouring cell and report the acquired information to the network, which add extra complexity to the RedCap UE. However, RedCap UE is supposed to be one low-cost UE type.

- In R17 RedCap deployment, there is no typical RedCap UE only cell, which means non-RedCap can assist the NW to support ANR anyway.
- Allowing ANR to be optionally supported by RedCap UE still gives the possibility for NW to get ANR information from some RedCap UEs.

Observation 1: There is no essential motivation to mandate all RedCap UEs to support ANR, considering some of RedCap UEs and other non-RedCap UEs can perform ANR in the same cell.
Proposal 2: ANR feature is optional for RedCap UE.
There is one FFS left from last RAN2 meeting on the supporting 16 DRBs for RedCap UE. In practical, there will be not many DRB or service required by RedCap UE up to 16. If supporting 16 DRBs in addition to the agreed mandatory 8 DRBs, the gNB implementation has to handle two kinds of UE with different capabilities of DRB number. That means the rare case 16 DRB UE will cause much and additional complexity to the gNB implementation on handling RedCap UE. As we have agreed, new capability signalling is only introduce when necessary, while 16 DRB is only for flexibility of some rare case.
Proposal 3: Do not introduce the optional capability to indicate the support of 16 DRBs for RedCap UEs.
2.3 Capability framework
RX braches and DL MIMO layer

One leftover from last RAN2 meeting on how to report the DL MIMO layer for RedCap is on the legacy field maxNumberMIMO-LayersPDSCH.
	maxNumberMIMO-LayersPDSCH

Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
	FSPC
	CY
	N/A
	N/A


Based on the current ANS.1 design, One MIMO layer seems different with the case of not supporting MIMO, since the UL MIMO layer IE has the value of “oneLayer” while can be absent.
MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}
MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}
In addition, there is no RAN1 agreement to state that 1RX is mandatory but 2RX is optional. It means, in the RAN2 speciciation, there should be no implication on RedCap UE will support one layer by default.
Observation 2: It is not clear in the current specification on whether “supporting one DL MIMO layer” is same as “not supporting DL MIMO”. 
Observation 3: Even if the statement “If absent, the UE does not support MIMO on this carrier” causes some ambiguity on the oneLayer supporting, it is better not to further change/clarify the R15 and R16 specification anymore.

Observation 4: As to be endorsed in running CR R2-2109668, by copying the WID, capture “RedCap UE supports 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported” in the RedCap specific section in TS 38.306.
To avoid any clarification to R15/16 speciation, we should directly add “oneLayer” for RedCap. However, it is not backward compatible to add one value to the legacy IE MIMO-LayersDL, since there is no spare value left. In that case, add one new R17 IE for RedCap will be the clean design.
Proposal 4: Introduce new value “oneLayer” for RedCap DL MIMO layer reporting in R17, to avoid any clarification which may impact on R15 and R16 specification.

Leftover on 38.306 running CR
In the email discussion [Post115-e][108][RedCap] 38.306 Running CR (Intel), the running CR was endorsed with some leftover details. We propose to do further updates on the running CR as below proposals.
Proposal 5: Add “RedCap UE: the UE mandatorily supporting maximum bandwidth 20MHz in FR1 and 100MHz in FR2, and other reduced capabilities specified in sub-clause 4.2.x.x.” in TS 38.306 section 3.1.

Proposal 6: In the RedCap specific section, two sub-clauses are added for:

· “Mandatory features specific to RedCap”: RedCap UE’s mandatory features, which are different with the non-RedCap UE.
· “Features not applicable to RedCap”: the features not applicable to RedCap UE;
2.4 NW awareness of the RedCap UEs
In order to let the network know whether the UE is a RedCap UE or not for proper handling of the UE capabilities, the following options can be considered:

Option 1: RedCap device type is indicated as part of the capability signalling.

Option 2: Define a new IE specifically for RedCap UEs containing the RedCap-specific capabilities. The IE is included in the signalling only by Redcap UEs.

Option 3: The network identifies RedCap UEs based on the appropriate identification solution, e.g. during Msg1, Msg3, MsgA, etc, (pending RAN1 conclusion). The RedCap UE identification is forwarded it to the target gNB during handover. 

Option 4: The network identifies RedCap UEs based on the reported capabilities, assuming the identification can be done through RedCap-specific capabilities not used by non-RedCap UEs.

Option 1 relies on an explicit indication for RedCap UEs and Option 2 and 4 rely on an implicit identification of RedCap UEs via some specific capabilities or specific capability parameters. 
Based on the last RAN2 agreements as below, we see option1 is straight forward.

	The network needs to know if the UE is a RedCap UE or not in order to at least correctly identify the set of mandatory features (i.e. baseline capabilities) that the UE supports, including Handover case.

The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.


Also, it is very difficult to distinguish RedCap UEs from other UEs with option 2/4 in the case that a RedCap UE does not support any RedCap specific optional capability. Hence Option 1 is proposed.
Proposal 7: A RedCap device type should be indicated explicitly as part of the capability signalling (even in the case a RedCap UE does not support any RedCap specific optional capability).
2.5 NCD-SSB related issues and reply LS
In the just-finished RAN1 meeting, it was agreed to send a LS on use of NCD-SSB instead of CD-SSB for RedCap UE to RAN2&RAN4 [2], which includes the following contents.

	RAN1 respectfully requests RAN2 and RAN4 to provide feedback about the use of NCD-SSB instead of CD-SSB in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts (when applicable) for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB. Specifically, RAN1 would like RAN2/RAN4 to respond to the following questions before the RAN1#107-e meeting:

1) [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC

2) [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE

3) [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

4) [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

5) [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs

6) [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation

7) [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
8) [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement

In order for the RAN1 work within the Rel-17 RedCap WI to be finalized in December 2021 as expected, RAN1 would need responses from RAN2 and RAN4 already before RAN1#107-e, which starts 11th November 2021.


Before discussing the details, we intend to clarify the current situation of SSB/CSI-RS based RRM, RLM, BFD, link recovery, RO selection, and mobility in specs.

· NCD-SSB based serving cell and neighbouring cell RRM measurement for PCell is not supported in RRC_CONNECTED, RRC_INACTIVE, RRC_IDLE states (i.e. NCD-SSB based mobility is not supported). 
· NCD-SSB based RLM is not supported.

· NCD-SSB based BFD is not supported.

· NCD-SSB based link recovery is not supported.

· NCD-SSB based RO selection is not supported.

· CD-SSB based RRM with measurement GAP is supported.

· CSI-RS based RRM/RLM is supported if UE has related capability.

Consideration on Q1: 
Regarding RRM of serving cell and neighbouring cell and mobility, the current spec just supports CD-SSB based measurement no matter for RRC_CONNECTED state or for RRC_IDLE/RRC_INACTIVE state. If NCD-SSB based serving cell and neighbouring cell would be supported, there are many issues need to be studied. The following are some examples:

· How to determine the target SSB to measure
· How to derive cell quality when UE measures multiple SSB

· How to rank cell quality if they are derived from different kind of SSB.

· How to configure target MO to measure a neighbouring cell with multiple SSBs 

So, it is very complicated to support NCD-SSB based serving cell and neighbouring cell RRM and RAN2 needs more evaluation.

Regarding RLM/BFD/link recovery, with considering that NCD-SSB may have larger period or different TX power, it is unclear for RAN2 whether they are feasible/suitable or not. Maybe RAN4 and RAN1 need some evaluation. But, if RAN4 and RAN1 can confirm this, it is feasible to enhance current spec for RAN2 from the view of signalling.
Regarding RO selection, UE chooses RACH resource associated to one SSB index based on CD-SSB measurement results and network needs to response RAR at the spatial direction of this SSB index in current spec. Since NCD-SSB and CD-SSB may have different TX power and block indexes, it is unclear for RAN2 how to choose RACH resource when UE performs NCD-SSB.
Regarding time/frequency tracking and AGC, they are out of RAN2 scope.

Consideration on Q2:
The definition of QCL relationship is not included in RAN2 spec and RAN2 doesn’t understand it well, so it is difficult for RAN2 to answer this question. But, it is feasible to enhance spec from RAN2 signalling perspective after it is decided by RAN1/RAN4.
Consideration on Q3:
From RAN2 perspective, there is no limitation to PCI of CD-SSB and NCD-SSB, i.e., they can be same or different.
Consideration on Q4:  
In current spec, the periodicities of CD-SSB and NCD-SSB are configured independently and they can be same or different. If NCD-SSB based RRM/RLC/BFD are introduced, the periodicity of NCD-SSB may have impact on measurement requirement, so it needs RAN4 confirms this. As for Tx power, block index and QCL source, they are out of RAN2 scope. But, RAN2 can enhance the signalling to support different configuration of CD-SSB and NCD-SSB when RAN1/4 have a conclusion. 
Consideration on Q5:
According to current the spec, there is no limitation to the frequency location and period of NCD-SSB. From RNA2 perspective, it requires more discussion on whether to introduce additional limitation or not for RedCap UE. However, the periodicity of current CD-SSB is 20ms usually to ensure that UE can find a cell quickly while NCD-SSB has not this strictly requirement because it is not used for initial access. Hence, NCD-SSB can have larger periodicity to reduce network side overhead if RAN4 confirms that there is no impact to measurement.
Consideration on Q6:
Non-RedCap UE supports CSI-RS based RRM/RLM measurement if it has related capability and supports SSB based RRM measurement with GAP when active BWP doesn’t cover SSB in current spec. So, it is feasible and already supported to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation. 
Consideration on Q7:
Similar to Q6, we think it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity.
Consideration on Q8:
The full set of potential impacts requires more RAN2 discussion. It is expected that huge standard efforts is needed to support NCD-SSB for measurement
As shown above:

· NCD-SSB based serving cell and neighbouring cell measurement has large impact on cell reselection and measurement. 
· NCD-SSB based RLF/BFD/link recovery needs spec enhancement. 
· When NCD-SSB has different Tx power and block index, we also need to evaluate the impact to RO selection and QCL relation configuration. 
Hence, RAN2 needs to evaluate the work load before deciding whether to support NCD-SSB instead of CD-SSB for RedCap UE or not. In addition, RAN1 only have the last Rel-17 meeting in November and it is not practical to complete NCD-SSB RRM without RAN1 impact. 
Proposal 8: As requested in the RAN1 LS, the reply LS should provide analyses “in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts”.

Proposal 9: RAN2 need to evaluate the work load before deciding on the feasibility to support NCD-SSB based measurement for RedCap UE.
Proposal 10: It is expected that huge RAN2 standard effort is needed to support NCD-SSB RRM.
Proposal 11: Inform RAN1 that it is not practical to complete the NCD-SSB RRM standard efforts without RAN1/4 impact/involvement.
3 Conclusion

In this contribution, we discussed capability definition for RedCap UE. Corresponding observations and proposals are listed as below:

Observation 1: There is no essential motivation to mandate all RedCap UEs to support ANR, considering some of RedCap UEs and other non-RedCap UEs can perform ANR in the same cell.
Observation 2: It is not clear in the current specification on whether “supporting one DL MIMO layer” is same as “not supporting DL MIMO”. 
Observation 3: Even if the statement “If absent, the UE does not support MIMO on this carrier” causes some ambiguity on the oneLayer supporting, it is better not to further change/clarify the R15 and R16 specification anymore.

Observation 4: As to be endorsed in running CR R2-2109668, by copying the WID, capture “RedCap UE supports 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported” in the RedCap specific section in TS 38.306.
Proposal 1: RAN2 wait for more RAN1 conclusion on the RedCap UE type definition.

Proposal 2: ANR feature is optional for RedCap UE.

Proposal 3: Do not introduce the optional capability to indicate the support of 16 DRBs for RedCap UEs.
Proposal 4: Introduce new value “oneLayer” for RedCap DL MIMO layer reporting in R17, to avoid any clarification which may impact on R15 and R16 specification.

Proposal 5: Add “RedCap UE: the UE mandatorily supporting maximum bandwidth 20MHz in FR1 and 100MHz in FR2, and other reduced capabilities specified in sub-clause 4.2.x.x.” in TS 38.306 section 3.1.

Proposal 6: In the RedCap specific section, two sub-clauses are added for:

· “Mandatory features specific to RedCap”: RedCap UE’s mandatory features, which are different with the non-RedCap UE.
· “Features not applicable to RedCap”: the features not applicable to RedCap UE;
Proposal 7: A RedCap device type should be indicated explicitly as part of the capability signalling (even in the case a RedCap UE does not support any RedCap specific optional capability).

Proposal 8: As requested in the RAN1 LS, the reply LS should provide analyses “in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts”.

Proposal 9: RAN2 need to evaluate the work load before deciding on the feasibility to support NCD-SSB based measurement for RedCap UE.
Proposal 10: It is expected that huge RAN2 standard effort is needed to support NCD-SSB RRM.

Proposal 11: Inform RAN1 that it is not practical to complete the NCD-SSB RRM standard efforts without RAN1/4 impact/involvement.
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