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1. Introduction
This contribution provides consideration in early identification and system information indication for camping restriction based on updated RedCap WID and RedCap TR.
2. Discussion
2.1. Early identification
One of the targets of RedCap WID is to specify functionality of early identification:
· 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]
In SI phase, options for early identification and respective pros and cons are identified in TR 38.875 [2].
-	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
-	E.g., via separate initial UL BWP, or in MsgA preamble part via separate PRACH resource or PRACH preamble partitioning, or in MsgA PUSCH part
The necessity for option 1, identification during Msg1 transmission, are copied as following from TR:
-	Coverage recovery (including link adaptation) for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 retransmission, Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH, if it is determined that coverage recovery for RedCap UEs is necessary for one of more of these channels
-	Identifying UE minimum processing times capabilities for PDSCH processing and PUSCH preparation, if relaxations to UE min processing times are defined for N1 and N2
-	Identifying UE capability for UL modulation order for Msg3 and Msg5 scheduling, if relaxations to max UL modulation order (i.e., UL modulation order restricted to lower than 64QAM) are introduced
-	Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4
These necessities actually are all RAN1 related. For example, the necessity to identify UE max bandwidth capability for Msg 3 and Msg 5 scheduling and PUCCH in response to Msg 4 depends on whether RedCap UE is allowed to operate in initial BWP with bandwidth larger than RedCap UE’s capability. The necessity for coverage recovery also depends on RAN1 evaluation and the solution may be integrated into another WI, coverage enhancement. The differentiation for UL modulation for Msg 3 and Msg 4 scheduling depends on whether max UL modulation order is relaxed. The processing time relaxation for N1 and N2 are also up to RAN1 decision.
Observation 1: All necessities of identification during Msg 1 transmission are RAN1 related.
Thus, from RAN2 point of view, identification during Msg 1 transmission is not needed. Whether it is needed should be decided by RAN1.
Proposal 1: From RAN2 perspective, early identification during Msg1 transmission is not needed. It is up to RAN1 to further check the necessity. 
One reason to support early identification during Msg 3 is to enable RRC rejection to RedCap UE during congestion. However, we don’t think RedCap UE can be treated differently from non-RedCap UE. RedCap UE is defined with reduced capabilities but not lower priority. Actually, in some use cases, RedCap UE may have higher priority, e.g. industry sensor. Due to the limited message size of message 3, it is hard to encode service information in Msg3, e.g. defining new RRC causes. Further, UAC is design to control access attempts during congestion based on access identity and access category. It is more suitable to perform congestion control by using UAC mechanism.
Similarly, it is improper to differentiate contention resolution based only on UE type.
Observation 2: It is improper to differentiate RRC rejection and contention resolution only based on UE type.
If physical layer configuration in Msg 4 for RedCap UE is different from non-RedCap UE due to reduced capabilities, and identification during Msg 1 is not always configured base on RAN1 decision. Identification during Msg 3 may be needed. 
Another potential reason for identification during Msg3 is whether different RRC processing delay requirement is needed. Per our understanding, RRC processing time relaxation seems not very beneficial for cost reduction.
Observation 3: Identification during Msg3 may be needed if physical layer configuration in Msg4 is different for RedCap UE and non-RedCap UE, and identification during Msg1 is not supported.
However, this is also an RAN1 issue and should be decided by RAN1. In summary, from RAN2 point of view, there is no necessity for identification during Msg3.
Proposal 2: From RAN2 perspective, early identification during Msg3 transmission is not needed. 
Similarly, identification during MsgA transmission is not needed for RRC rejection purpose. Other reasons for it also depends on RAN1 decision.
Proposal 3: From RAN2 perspective, early identification during MsgA transmission is not needed. It is up to RAN1 to further check the necessity. 
2.2. Access and camping restriction
According to updated RedCap WID, it should be specified to indicate whether a RedCap Ue can camp on the cell/frequency, and this indication shall be specific to the number of Rx branches of the UE.
· [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] 
And according to RedCap WID, for FR1 and FR2, the RedCap UE can support 1 Rx branches or 2 Rx branches.
· 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.
Existing UAC configuration in SIB1 is used for congestion control during congestion, control whether access attempt is allowed before initiate access and apply barring time if the access attempt is not allowed. The intention of RedCap access control is to control whether RedCap UE can camp on current serving cell. Thus it is not suitable to reuse UAC for this purpose and decouple UAC and RedCap access control is preferred.
Proposal 4: To indicate whether RedCap UE can camping on the serving cell, to define two access control indications, one for 1 Rx branch UE and the other for 2 Rx branch UE.
In RAN sharing deployment, different operators may have different restriction requirement to RedCap UE access. Some operators may not allow RedCap UE with 1 Rx branch and/or 2 Rx branches to camp on the cell to avoid resource efficiency degradation on a certain frequency while other operators may allow. In this case, it is beneficial to be able to configure RedCap access control indicators per PLMN.
Proposal 5: RAN 2 to discuss whether the RedCap access control indication can be configured per PLMN.
From UE power saving point of view, MIB is the best choice for these two indicators. However there is no enough spare bits in MIB to carry two indicators. 
DCI format 1_0 with CRC scrambled by SI-RNTI in Type0 PDCCH has 15 bits reserved. Considering that legacy NR devices and reduced capability NR devices may share CORESET 0 and DCI during initial access procedure, certain reserved bit or bits in DCI scheduling SIB1 can be used for include the access control indicators. The RedCap UE can stop the system information acquisition procedure once RedCap UE successfully decodes the DCI. Unnecessary SIB1 decoding can be avoided. 
Another option is to define two access control indicators explicitly in SIB1. This option provides more flexibility to for access control indication, e.g. access control indication per PLMN as discussed above.
Proposal 6: RAN2 to discuss following signaling options for access control indication:
· Option 1: explicit IE in DCI used for SIB1 scheduling
· Option 2: explicit IE in SIB1
It is still unclear whether network can configure a cell as RedCap access only, i.e. whether all of following cell types are supported:
- Type 1: Non-RedCap UE access only, i.e.RedCap UE access is not supported or barred.
- Type 2: RedCap UE access only, i.e. Non-RedCap UE access is barred.
- Type 3: Both non-RedCap UE and RedCap UE access are allowed.
Per our understanding, each type has a corresponding deployment scenario. For instance, cell dedicated for RedCap UE access may be preferred for connected industrial and video Surveillance in certain exclusive areas. While for wearable use case, it is most likely camp in the RedCap and non-RedCap co-exist cell. In some other scenarios, NW may want to bar RedCap UE to avoid performance degradation of eMBB and URLLC services. Thus, for the flexibility of deployment, the specification shall support all of the three cell types.
[bookmark: _GoBack]Proposal 7: A cell can be configured to support non-RedCap access only, or RedCap access only, or both RedCap and non-RedCap access.
To support RedCap access only cell, cell barring for RedCap UE and non-RedCap UE should be configured independently. Thus current cellBarred in MIB should not be applied to RedCap UE. Otherwise, RedCap UE is barred too if non-RedCap UE is barred. The new introduced indicator used for indication whether RedCap UE is allowed to camp can act for cell barring for RedCap UE.
Proposal 8: To support RedCap access only cell, existing “cellBarred” in MIB is not applicable to RedCap UE.
To avoid unnecessary measurement for cell reselection, the network should be able to indicate whether a neighboring frequency/cell for cell reselection support RedCap UE access. For the frequency/cell supporting both RedCap and non-RedCap UE, indication can be added in current IE to indicate whether a frequency/cell can support RedCap access. And the indication should be specific to 1 Rx branch and 2 Rx branches respectively. While for the frequency/cell only support RedCap UE, a separate frequency or cell list dedicated for RedCap UE can be introduced.
Proposal 9: For cell reselection, network can indicate in system information, whether a neighbour frequency/cell can supports 1Rx and/or 2 Rx RedCap UEs.
For the neighboring frequency supporting both non-RedCap and RedCap UE, the network may prefer it has different cell reselection priority for non-RedCap and RedCap UE. Thus network should be able to configure frequency priority for cell reselection for non-RedCap UE and RedCap UE separately.
Proposal 10: For a frequency that supporting both RedCap and non-RedCap access, network can configure separate cell reselection priorities for RedCap UEs and non-RedCap UEs.
3. Conclusion
Observation 1: All necessities of identification during Msg 1 transmission are RAN1 related.
Observation 2: It is improper to differentiate RRC rejection and contention resolution only based on UE type.
Observation 3: Identification during Msg3 may be needed if physical layer configuration in Msg4 is different for RedCap UE and non-RedCap UE, and identification during Msg1 is not supported.
Proposal 1: From RAN2 perspective, early identification during Msg1 transmission is not needed. It is up to RAN1 to further check the necessity. 
Proposal 2: From RAN2 perspective, early identification during Msg3 transmission is not needed. 
Proposal 3: From RAN2 perspective, early identification during MsgA transmission is not needed. It is up to RAN1 to further check the necessity. 
Proposal 4: To indicate whether RedCap UE can camping on the serving cell, to define two access control indications, one for 1 Rx branch UE and the other for 2 Rx branch UE.
Proposal 5: RAN 2 to discuss whether the RedCap access control indication can be configured per PLMN.
Proposal 6: RAN2 to discuss following signaling options for access control indication:
· Option 1: explicit IE in DCI used for SIB1 scheduling
· Option 2: explicit IE in SIB1
Proposal 7: A cell can be configured to support non-RedCap access only, or RedCap access only, or both RedCap and non-RedCap access.
Proposal 8: To support RedCap access only cell, existing “cellBarred” in MIB is not applicable to RedCap UE.
Proposal 9: For cell reselection, network can indicate in system information, whether a neighbour frequency/cell can supports 1Rx and/or 2 Rx RedCap UEs.
Proposal 10: For a frequency that supporting both RedCap and non-RedCap access, network can configure separate cell reselection priorities for RedCap UEs and non-RedCap UEs.
4. Reference
[1] RAN2#112-e chairman notes
[2] 3GPP TR 38.875, h.0.0
[3] 3GPP TS 38.331




