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1	Introduction
[bookmark: _Ref178064866]In this contribution we will discuss the following RedCap WI objectives on RedCap early indication and RedCap access restriction [1].
	· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 



2	Definition of RedCap UE type and reduced capabilities
2.1	RedCap UE camping on legacy cell
In the previous RAN2 meeting it was proposed in R2-2109446 that RedCap UEs should be able to camp on legacy cells under certain conditions. It is argued that spotty RedCap coverage in early-stage deployments may hinder the adoption of the RedCap feature. We think this is a deployment scenario that is less likely to happen and considering that Rel-17 needs to be closed soon RAN2 should instead prioritize addressing the remaining open issues.
It is further proposed that if the RedCap UEs have capabilities that are compliant with the minimum requirements in the cell, they should be able to camp and access legacy cells (which would then be unaware that the UEs that are trying to access are in fact RedCap UEs). This may happen under certain conditions such as when RedCap UEs have 2 Rx support 256QAM in FR1, not support only HD-FDD, and the carrier bandwidth is no wider than 20 MHz in FR1 or 100 MHz in FR2. 
Moreover, not being able to identify RedCap UEs was a main concern among operators when formulating the WID [1], which resulted in explicitly capturing RedCap access restrictions in the WID objectives (also more recently operators are expressing this concern, see e.g. R2-2110536). RedCap UEs camping on legacy cells could therefore be problematic with regards to the following parts of the WID objectives:
	
· 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.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 
<text omitted>
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.




[bookmark: _Toc92750588]RedCap UE camping and accessing legacy cells may be problematic when some WID objectives are considered.
That is, even though RedCap UEs from RAN p.o.v. may not be distinguishable from legacy UEs in this particular scenario, there could be other reasons why the network would like to distinguish RedCap UEs from legacy UEs (e.g., for charging, different treatment in CN, etc.). If that is the case, there would be no means or method available for a legacy gNB to avoid access from RedCap UEs, or for operators to block RedCap access. Further, handovers can be problematic since a legacy UE will not be able to provide RedCap specific info to the target cell. 
[bookmark: _Toc92750589]Legacy gNB will be unaware that the UE is of RedCap type, meaning that:
· [bookmark: _Toc92750590]there are no means for legacy gNBs to restrict RedCap UE access
· [bookmark: _Toc92750591]Handovers can be problematic.
In the LS reply R2-2111360 to RAN3, RAN2 stated the following which highlights the problems:
RAN2 can confirm that RedCap UEs should not attempt to camp/access in legacy cells or be handed over to such cells. Support for RedCap UEs in a cell is signalled by RedCap-specific indicators, e.g., RedCap-specific intraFreqReselection indicator (IFRI), in system information broadcast. Absence of RedCap-specific indicators would indicate that the cell does not support RedCap UEs.
RAN2 can confirm it is not possible for a legacy gNB to identify a RedCap UE via RedCap UE radio capabilities.  A legacy target gNB does not understand e.g. new values or fields introduced in the radio capability signalling for RedCap UEs and cannot signal new cause values. 
If support for RedCap UEs camping on legacy cells in introduced in Rel-17, RAN3 would therefore have to be informed and the work they have done may have to be reconsidered. 
[bookmark: _Toc92750592]LS reply in R2-2111360 states: RAN2 can confirm that RedCap UEs should not attempt to camp/access in legacy cells or be handed over to such cells.



The above was from a RAN perspective, but even if RAN would be unaware, CN would need to know that the UE is of RedCap type. That operators should be able to know which UEs are in the NW is clear from the WID and also from the following agreements from RAN2#114: 
Agreements online:
1. 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
2. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.
It is not clear yet whether there will be an explicit RedCap UE capability bit, or if the RedCap UE type should be implicit from the reduced BW capability reported, i.e., 20 MHz in FR1. According to the latest version of the RAN1 UE feature list in R1-2112902, L1 feature group 28-1 is defined by the UE capability of max 20 MHz (100 MHz) in FR1 (FR2) in combination with the UE capability of RedCap early indication. With the above RAN2 agreements this means that a RedCap UE cannot omit RedCap UE capability information, such as max supported BW, in the capability report transmitted to a legacy gNB. I.e., sending different UE capability reports to Rel-17 gNBs and legacy gNBs is not a feasible option. This is however problematic since it is unclear how a legacy gNB would handle a UE which reports new Rel-17 RedCap capabilities.
[bookmark: _Toc91525721][bookmark: _Toc92750593]RedCap UEs must report RedCap type capabilities also to legacy gNB, which may be problematic since a legacy gNB would not be able to understand new Rel-17 RedCap capabilities, and hence the handling of such UEs is unclear.
Overall, supporting RedCap UEs accessing legacy cells, in the specific scenarios it is actually applicable in practice (see above), has quite a bit of impact, e.g., with respect to UE capability handling, HO (different modes of operation), identification, cell (re-)selection, etc. Practically it will be difficult to manage this in the few remaining RAN2 meetings for Rel-17. 
[bookmark: _Toc92750594]Supporting RedCap UEs accessing legacy cells would require careful reconsideration of work done in RAN WGs and possibly also outside RAN WGs and can jeopardize the timely finalization of Rel-17 RedCap WI. 
Compared to any other feature, it would also be very different to support the RedCap feature in cells where RedCap feature is not supported explicitly.
[bookmark: _Toc92750595]It would be inconsistent with handling of other features to support the RedCap feature in cells where the feature is not explicitly supported.
Our view is that it is acceptable if a Rel-17 RedCap capable gNB deliberately allows RedCap UEs to access the cell, but not that RedCap UEs can access legacy cells which are not capable or aware of RedCap. This could be achieved by a “minimum effort” network implementation in which, for the example of a 2 Rx UE capable of 256QAM in FR1 and FD-FDD in a 20 MHz carrier, gNB would be Rel-17 enabled with RedCap specific barring set in SIB1 for 1 RX, but not for 2 RX, and no Msg1 indication configured (RedCap preambles and RACH occasions shared with legacy). That is, the network implementation changes to support the deployment scenario discussed are not many or severe. Therefore, we propose not to support RedCap accessing legacy gNB in Rel-17:
[bookmark: _Toc92750637]RedCap UEs accessing legacy cells is not supported in Rel-17.

2.2	Half-duplex FDD support
As highlighted above, if the RedCap UE is very capable, i.e., the only reduced complexity feature really implements is the narrower device BW, it would require relatively little effort on the network side to support the UE in a carrier BW which is no wider that the RedCap device BW (i.e., carrier BW at most 20 MHz in FR1). If the UE in addition supports only 1 Rx branch, the network could control whether to support these UEs or not using the agreed 1 Rx branch RedCap barring indication in SIB1. If the UE in addition does not support 256QAM for DL in FR1, this is not expected to cause any problems since lower modulations are already supported in the network for legacy UEs. However, half-duplex (HD) support in FDD bands is not supported in NR prior to RedCap, and therefore quite a large implementation effort could be required on the network side to support it (scheduler changes, collision cases, etc.). To facilitate early support of FD-FDD RedCap UEs it would therefore be beneficial to have a HD-FDD indication in SI. With such a HD-FDD indication gNB could differentiate the support for FD-FDD RedCap and HD-FDD RedCap, which enables the roll-out of FD-FDD support before HD-FDD has fully been implemented in gNBs.
[bookmark: _Toc92750596]Differentiated support for FD-FDD RedCap and HD-FDD RedCap in SI enables early/separate roll-out of FD‑FDD RedCap support in the network.
[bookmark: _Toc92750638]Support of Half-Duplex FDD RedCap is indicated in SIB1.


4	Conclusion
In the previous sections we made the following observations: 
Observation 1	RedCap UE camping and accessing legacy cells may be problematic when some WID objectives are considered.
Observation 2	Legacy gNB will be unaware that the UE is of RedCap type, meaning that:
	there are no means for legacy gNBs to restrict RedCap UE access
	Handovers can be problematic.
Observation 3	LS reply in R2-2111360 states: RAN2 can confirm that RedCap UEs should not attempt to camp/access in legacy cells or be handed over to such cells.
Observation 4	RedCap UEs must report RedCap type capabilities also to legacy gNB, which may be problematic since it is unclear how a legacy gNB would handle a UE reporting new Rel-17 RedCap capabilities.
Observation 5	Supporting RedCap UEs accessing legacy cells would require careful reconsideration of work done in RAN WGs and possibly also outside RAN WGs and can jeopardize the timely finalization of Rel-17 RedCap WI.
Observation 6	It would be inconsistent with handling of other features to support the RedCap feature in cells where the feature is not explicitly supported.
Observation 7	Differentiated support for FD-FDD RedCap and HD-FDD RedCap in SI enables early/separate roll-out of FD‑FDD RedCap support in the network.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RedCap UEs accessing legacy cells is not supported in Rel-17.
Proposal 2	Support of Half-Duplex FDD RedCap is indicated in SIB1.
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