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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 Fallback operation for RedCap UEs
As discussed in last meeting, it is not a typical case to allow RedCap UEs to access to the legacy cell. Apart from the scenario, the RedCap UE probably cannot work in legacy cell because of the reduced capability. For example, RedCap UE is agreed that PDCP/RLC AM 12 bits SN is mandatory supported, while PDCP/RLC AM 18bits SN is optional. However, for non-RedCap UEs, the 18-bit SN capability is mandatory without signalling. When a RedCap UE which doesn’t support the 18 bits SN accesses to a legacy cell, and NW configure the RedCap UE to use the 18bits SN, then it will result to a configuration failure. Similarly, DRB configuration and other reduced or dedicated capability related configuration may also have problems. And RAN2 may need further discuss to solve these issues. Thus, we propose a simple way that RedCap UE is not supported to access the legacy cell.
Proposal 1: RAN2 confirm that RedCap UE cannot work in the legacy cell.
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.
2.2 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 endorsed in running CR, 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 RAN2#115-e meeting, it is already agreed that PDCP/RLC AM 12 bits SN is mandatory for RedCap UE, to further clarify, we propose to add some supplementary descriptions under the field shortSN and am-WithShortSN in the 38.306 Running CR as follows:
 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: To clarify in the field description of shortSN and am-WithShortSN that, RedCap UE should always report ”1” in TS 38.306 section 4.2.4 and 4.2.5.

2.3 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 6: 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).
2.4 Inter-RAT mobility management
Considering that the NR service coverage for RedCap may be limited especially during the early deployment stage and the NR coverage itself is not yet universal in some regions, the LTE coverage would be an important backup for RedCap UEs to maintain basic services, which not only supplements the NR RedCap service coverage, but also makes up for the NR coverage.

Observation 5: The LTE coverage is an important backup for RedCap UEs considering the limitation of NR Redcap service coverage and NR coverage during the early deployment stage.

Hence, in the previous RAN2 meeting, it was agreed that inter-RAT mobility related capabilities are applicable for RedCap UEs. RedCap UEs can be paired with a LTE module which allows the UE to act as a normal LTE UE in the LTE network. To make the overall process work, we think two scenarios should be analysed.

Scenario 1: from NR to LTE

In this scenario, the RedCap UE originally camps or works on a NR cell which supports RedCap.

[image: image1.png]



Fig.1 inter-RAT mobility from NR to LTE

For idle/inactive RedCap UEs, the legacy cell reselection mechanism can be directly reused where the UE performs measurement and decides whether to reselect to a LTE cell based on the current rules. After the inter-RAT cell reselection, the UE acts as a LTE UE.

For connected RedCap UEs, there is also no special handling needed for the handover procedure. The source NR cell chooses a target LTE cell based on the existing mechanism. Similar to the inter-RAT reselection, the RedCap UE would work as a LTE UE to continue its service in the LTE cell.

Observation 6: For the inter-RAT mobility from NR to LTE, the current cell reselection and handover mechanisms can be reused for RedCap UEs paired with LTE module.

Scenario 2: from LTE to NR

In this scenario, the RedCap UE originally camps or works on a LTE cell as a LTE UE.

[image: image2.png]LTE Proper mobility NR

()
- /\,/'
L~ /
LTEUE 4
~ " RedCap UE -
LTE Error case
()
- o - .
N LTEUE





Fig.2 inter-RAT mobility from LTE to NR

For idle/inactive RedCap UEs, the UE itself can determine whether a candidate NR cell supports RedCap and then decides whether to perform the inter-RAT cell reselection to this NR cell. No further enhancements are needed. Thus, the legacy cell reselection mechanism can be directly reused as in scenario 1.

For connected RedCap UEs, according to the current standard progress, the LTE cell cannot identify whether a UE is the RedCap type and does not have information on neighbouring RedCap-supporting NR cells, hence, solutions are necessary to ensure that the RedCap UE can be handed over by the source LTE cell to a target NR cell which supports RedCap.

Observation 7: For the inter-RAT mobility from LTE to NR, the source LTE cell cannot identify whether a UE is the RedCap type and does not have information on the RedCap-supporting of target NR cells.
One straightforward way is to update the LTE network specifically for RedCap such that the source LTE cell can identify RedCap UEs and accordingly selects a suitable target NR cell. However, we think this solution is unrealistic considering the standard work load and the practical deployment complexity and cost.

On the premise that no RedCap specific handling is introduced in the LTE side, it is possible that the target NR cell selected by the source LTE cell does not support RedCap. Besides, based on the reply LS to RAN3 approved in the last meeting, RAN2 confirmed that a legacy gNB cannot identify a RedCap UsE via UE radio capabilities, which means that the legacy target NR cell may mistakenly accept the RedCap UE to be handed over. Therefore, the key issue is how to avoid that the RedCap UE is subsequently handed over to such an inappropriate cell. There can be two options:

· Option 1

If some information on whether the target NR cell supports RedCap can be provided to the RedCap UE before it starts to access the target cell, the incorrect handover procedure can be terminated as early as possible. Afterwards, the RedCap UE can perform e.g. RRC re-establishment in a RedCap-supporting NR cell or a LTE cell.

A specific solution is that the target NR cell which supports RedCap adds a new indication in the RRC reconfiguration message sent to the UE during the handover procedure. Then after receiving the configuration generated by the target NR cell, the RedCap UE checks whether the new indication is included:

· If the new indication is included, the target NR cell supports RedCap and the UE can continue the handover procedure as legacy;

· Else, the target NR cell is actually a legacy cell which does not support RedCap, thus the UE does not need to access the target cell and instead performs RRC re-establishment in a RedCap-supporting NR cell or a LTE cell.
· Option 2

The RedCap UE first performs handover as legacy without knowledge on the type of the target NR cell. Then the RedCap UE checks whether the target NR cell supports RedCap after synchronizing with the target cell and receiving the SIB1 of the target cell. A possible way is:

· If the SIB1 broadcast by the target cell contains RedCap specific IFRI, the target NR cell supports RedCap and the UE can work in this cell later;
· Else, the target NR cell is actually a legacy cell which does not support RedCap, thus the UE can perform RRC re-establishment in a RedCap-supporting NR cell or a LTE cell.

Comparing the two options, Option 1 can prevent the RedCap UE from performing incorrect handover access to legacy NR cells but has certain spec impact; Option 2 has less spec impact but the RedCap UE can only determine whether the handover target is appropriate after synchronizing with the target NR cell.

Proposal 7: For the LTE to NR handover, if the RedCap UE finds the target NR cell is a legacy cell, the UE should trigger RRC re-establishment procedure. FFS on the spec impact.
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 endorsed in running CR, 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.
Observation 5: The LTE coverage is an important backup for RedCap UEs considering the limitation of NR Redcap service coverage and NR coverage during the early deployment stage.

Observation 6: For the inter-RAT mobility from NR to LTE, the current cell reselection and handover mechanisms can be reused for RedCap UEs paired with LTE module.

Observation 7: For the inter-RAT mobility from LTE to NR, the source LTE cell cannot identify whether a UE is the RedCap type and does not have information on the RedCap-supporting of target NR cells.
Proposal 1: RAN2 confirm that RedCap UE cannot work in the legacy cell.
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: To clarify in the field description of shortSN and am-WithShortSN that, RedCap UE should always report ”1” in TS 38.306 section 4.2.4 and 4.2.5.

Proposal 6: 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 7: For the LTE to NR handover, if the RedCap UE finds the target NR cell is a legacy cell, the UE should trigger RRC re-establishment procedure. FFS on the spec impact.
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