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1. Introduction
At RAN1#105-e meeting, following agreements/working assumptions/conclusion related to RAN1 aspects for RAN2-led features for RedCap UEs were made [1]:
	Working assumption:
1. For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
0. The early indication in Msg1 can be configured to be enabled/disabled
0. FFS How to support enable/disable the early indication
0. FFS details e.g.:
1. separate initial UL BWP
1. separate PRACH resource
1. PRACH preamble partitioning
0. FFS the possibility of supporting Msg3 for the early indication 
Agreement: (if the above working assumption is confirmed)
1. Early indication of RedCap UEs in Msg1 can be enabled/disabled via SIB
Working assumption:
1. RedCap UE type is defined based on one of the following options
2. Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
2. Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
2. FFS: details of the set of reduced capabilities
Conclusion:
1. RAN1 postpones the discussion on constraining of reduced capabilities, and if deemed necessary, RAN1 can come back
Agreement:
1. Support 2-step RACH for RedCap UEs as an optional feature
3. FFS details of early indication in MsgA, e.g.:
0. Separation of 2-step RACH resources or MsgA preambles
0. Separation of initial UL BWP
0. Using a new indication in MsgA PUSCH part
3. Note: Discussion on 4-step RACH for early indication should be prioritised



In addition, at RAN2#114-e meeting, following agreements/working assumptions related to framework for reduced capabilities were made [2]:
Working assumption: 
1. Extend UE-NR-Capability using NCE to capture RedCap capabilities
Agreements:
1. We will continue the discussion on which capability are applicable to RedCap UE (FFS if we need to have an exhaustive check)
1. At least for early identification there will be only one RedCap UE (no need to define separate RedCap UE types for FR1 and FR2)
1. It is up to the network how to prevent RedCap UEs from using radio capabilities not intended for RedCap UEs (no specification impact is foreseen at least in RAN2. FFS whether something is needed from SA2/CT1)
Agreements online:
1. RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE
1. We will have an email discussion until the next meeting to discuss which higher layer capabilities are not applicable for RedCap UEs (it could result in a draft 38.306 CR) and how to reflect the handling of RedCap specific capabilities (e.g. Maximum BW, Max Rx, MIMO-Layer, 256QAM, CA/DC, HD-FDD, etc)
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
1. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.
Agreements:
1. SIB1 (not MIB) indicates cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs. Further details of the solution are FFS
1. The cell barring for RedCap UE is per cell (not per PLMN).
1. RedCap UE supports the Intra Frequency Reselection Indicator.
1. Either Msg1 and/or Msg3 early identification will be supported
Agreements via email (from offline 106):
1. There is no need to support Rx branches specific early identification from RAN2 perceptive (final decision up to RAN1).
1. Send LS to ask RAN3 to consider the coordination between gNBs on whether a neighbour/target gNB supports RedCap UEs, if needed, to avoid handover RedCap to a target cell that it can’t access. We can come back in the next meeting with discussions on other restrictions, e.g. related to number of RX

In the following sections, RAN1 aspects for RAN2-led features for RedCap UEs and its specification impacts are discussed.


2. RedCap UE type
Based on the WID, reduced capabilities for each operating band can be summarized as Table 1. As stated in the WID, only one RedCap UE type is used for RedCap UE identification so that initial access can be handled based on the identification as discussed in Section 3. As mentioned in Section 1, it was agreed as working assumption in the last RAN1 meeting that the RedCap UE type is defined based on one of Option 2 or Option 4. Option 2 only includes the reduced capabilities that the network needs to know during initial access. Option 4 (which seems equivalent to basic FGs adopted in Rel-16 NR-U and NR SL) are defined irrespective of the necessity during initial access. As shown in Section 2, RAN2 agreed following, which is aligned with Option 4. In that sense, Option 4 should be selected for the definition of RedCap UE type.
3. 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

Regarding details of the set of reduced capabilities, as any reduced capabilities other than the maximum UE BW have two candidate values, lower ones as highlighted in yellow should be mandatory and they can be included in the UE type definition. Note that maximum UE BW has been agreed to be included in the definition.
Proposal 1: 
· RedCap UE type for RedCap UE identification is defined by the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support, including the followings:
· Maximum UE BW: 20 MHz for FR1, 100 MHz for FR2
· Minimum number of Rx branches: 1
· Supported number of DL MIMO layers: 1
· Maximum DL modulation order: 64QAM
· Duplex operation: HD-FDD Type A

Table 1.   Reduced capabilities for each operating band
	FR1 FDD
	FR1 TDD
	FR2

	· 20MHz BW
· 1Rx with 1 DL MIMO or 2Rx with 2 DL MIMO
· HD-FDD Type A or FD-FDD
· DL 64QAM or 256QAM
	· 20MHz BW
· 1Rx with 1 DL MIMO or 2Rx with 2 DL MIMO
· DL 64QAM or 256QAM
	· 100MHz BW
· 1Rx with 1 DL MIMO or 2Rx with 2 DL MIMO
· DL 64 QAM or 256QAM (same as legacy UE)




3. RedCap UE identification
As captured in TR 38.875, following options were discussed for RedCap UE identification while Option 4 was deprioritized for the study:
-	Option 1: During Msg1 transmission
-	E.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning
-	Option 2: During Msg3 transmission
-	Option 3: Post Msg4 acknowledgment. 
-	E.g., during Msg5 transmission or part of UE capability reporting
-	Option 4: During MsgA transmission
-	Subject to support of 2-step RACH procedure

As shown in Section 1, Option 1 was agreed as working assumption in the last RAN1 meeting. As coverage recovery is necessary for Msg2 and Msg3 in FR1 TDD bands and Msg3 in FR1 FDD bands during initial access, Option 1 is enough to schedule RedCap UEs appropriately, i.e. additional support during Msg3 is not necessary. Regarding how to identify RedCap UEs during Msg1 transmission, we think all the schemes listed above can be supported. As discussed in our companion contribution [3], if separate initial UL BWP is configured for RedCap UEs, legacy UE can use existing RO configuration without RedCap UEs while RedCap UEs can access the cell using different RO configuration dedicated to them. Even if the same initial UL BWP is shared by non-RedCap UEs and RedCap UEs, dedicated PRACH configurations (e.g., ROs and/or PRACH preambles) for RedCap UEs can be considered.
Proposal 2: 
· Support RedCap UE identification during Msg1 transmission with the following schemes:
· [bookmark: _Hlk71678227]Separate initial UL BWP for RedCap UEs
· Dedicated PRACH configurations (e.g., ROs and/or PRACH preambles) for RedCap UEs


4. Support of Rel.15/16 UE capabilities
As captured in TR 38.875 as follows, it should be discussed whether/how Rel.15/16 mandatory/optional UE features is supported for RedCap UEs:
	The UE capabilities can be categorized as: 
· Minimum mandatory capabilities that all RedCap UEs support, if identified.
· Optional capabilities, to be signalled explicitly.
For capability signalling of RedCap UEs, the following scenarios are possible, however feasibility, applicability of the cases and the final division to categories depend on the exact RedCap capabilities (to be defined):
· For the features that are mandatory for non-Redcap UEs:
-	The Redcap UE mandatorily supports the feature with the same value.
-	The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value).
-	The Redcap UE optionally supports the feature.
-	The Redcap UE does not support the feature at all.
· For the features that are optional for non-Redcap UEs:
-	The Redcap UE does not support the feature at all.
-	The Redcap UE supports the feature with a different value.
-	The Redcap UE supports the feature with the same value.
-	The Redcap UE mandatorily supports the feature.



Also, as shown in Section 1, it was agreed as working assumption in the last RAN2 meeting that by default, all non-RedCap UE capabilities are applicable for RedCap UE. For the features that are mandatory for non-Redcap UEs in TS38.306, we see almost all features should be supported as mandatory for RedCap UEs as well, except for the features as follows:
· L1 FG2-3: maxNumberMIMO-LayersPDSCH
· Same as supported number of Rx branches for RedCap UEs
· RF FG1-4: pdsch-256QAM-FR1
· Optional
· RF FG2-1: channelBWs-DL/channelBWs-UL:
· 20MHz for FR1 and 100MHz for FR2
Latter two features should be handled in RAN4. Regarding the 1st feature, RAN1 agreed that the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework. Therefore, same as RAN2 working assumption, following should be considered as discussed in the last RAN1 meeting [4]:
Proposal 3: 
· For the necessary updates of UE capabilities, current definition of mandatory/optional support of L1 UE capabilities in TS38.306 is reused for RedCap UEs by default unless any update is identified
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs


5. Conclusion
In this contribution, we discussed RAN1 aspects for RAN2-led features for RedCap UEs. Based on the discussion, we made following proposals.
Proposal 1: 
· RedCap UE type for RedCap UE identification is defined by the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support, including the followings:
· Maximum UE BW: 20 MHz for FR1, 100 MHz for FR2
· Minimum number of Rx branches: 1
· Supported number of DL MIMO layers: 1
· Maximum DL modulation order: 64QAM
· Duplex operation: HD-FDD Type A
Proposal 2: 
· Support RedCap UE identification during Msg1 transmission with the following schemes:
· Separate initial UL BWP for RedCap UEs
· Dedicated PRACH configurations (e.g., ROs and/or PRACH preambles) for RedCap UEs
Proposal 3: 
· For the necessary updates of UE capabilities, current definition of mandatory/optional support of L1 UE capabilities in TS38.306 is reused for RedCap UEs by default unless any update is identified
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs
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