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1. Introduction
At the RAN#91, RAN2 completed the work on “Study Item on support of reduced capability NR devices”, and the WID was revised in [1] with following objectives:
· 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] 
In addition, an LS was sent to SA on UAC, i.e. UAC will be discussed in SA instead of RAN. 
In this contribution, we discuss the issues on early identification and the camping restrictions for RedCap UE.
1. [bookmark: Proposal_Pattern_Length]Discussion
Early identification
Early identification was discussed in RAN2 in several meeting, however it is difficult for RAN2 to make decision since all scenarios are driven by RAN1. 
At RAN2#112, RAN2 agreed:
Agreements:
1.	Whether it is needed to identify RedCap UEs during Msg3 from RAN2 perspective or not depends on the following two aspects:
-	Whether Msg4/5 special handing for RedCap UE is needed, pending RAN1
-	Whether there is a need to reject part of RedCap UEs in addition to cell barring and UAC mechanism
Agreements:
1. Include the possible options (msg1, msg3, msg5) in the TP without saying anything on RAN2 preferences on when identification is required
2. Do not send a LS on RedCap UE identification to RAN1 and wait for more RAN1 process
At RAN2#113, based on [5], RAN2 further discussed the potential solutions for early identification. But only agreed to capture candidate solutions and corresponding pros/cons in the TR. Based on RAN plenary discussion, only MSG1, MSG3 and MSGA based early identification solutions are in the scope. 
As captured in the TR [6], MSG1 solution can be applied for:
-	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
MSG3 solution can be applied for :
· for coverage recovery (including link adaptation) for one or more of: Msg4 PDCCH/PDSCH, Msg5 PUSCH and associated PDCCH.
MSG-A solution can be applied for 2 step RACH procedure:
· Coverage recovery (including link adaptation) for MsgA transmission (UE selection of RedCap specific 2-step resources, i.e. MsgA indication in preamble part).
· Coverage recovery (including link adaptation) for MsgB and later messages, and associated PDCCH. 
However as discussed in RAN plenary, RedCap specific coverage recovery/enhancements are not supported in Rel-17. Therefore, the main motivation for early identification is for selection of proper PDSCH MCS/PDCCH ALs (link adaptation) for non-RedCap UEs instead of always using the most conservative scheduling assuming that any UE is a RedCap UE. The impact due to conservative scheduling for non-RedCap UEs can be significant (increased system OH, increased CP latency for non-RedCap UEs, etc.) since the link performance gap between a non-RedCap and RedCap UE in the DL can even be ~6 dB (4Rx vs. 1Rx in certain FR1 “TDD bands”).  
Thus, with early identification during Msg1, the benefits can be realized for Msg2 PDCCH/PDSCH, PDCCH for Msg3 reTx, and Msg4 PDCCH/PDSCH as well as for UL transmissions (Msg3, PUCCH-for-Msg4, Msg5). 
With early identification during Msg3, the benefits can be realized for Msg4 PDCCH/PDSCH as well as for UL transmissions (PUCCH-for-Msg4, Msg5).
For 2 step RACH, it is still unclear whether 2 step RACH will be supported for RedCap UE or not. 
We could see, MSG1 based solution can cover all scenarios compared with other solution. There is no clear need to introduce multiple solutions, especially in case one solution can cover all scenarios, but rest can only cover limited scenarios..  
Observation 1: MSG1 based early identification solutions can cover all scenarios. However, MSG A or MSG 3 based approach can only cover limited scenarios. 

For MSG1 based solution:
	Option 1: During Msg1 transmission [6]:
Feasibility: Identification of RedCap UE type(s) during transmission of Msg1 could be feasible from the perspective of RAN1, at least for the following solutions:
-	Separation of PRACH resources (e.g., occasions and/or formats) or PRACH preambles between RedCap and non-RedCap UEs
-	Separation of initial UL BWP for RedCap and non-RedCap UEs



The impact of MSG 1 based solution is the additional RACH resources or UL BWP resources. But it can be acceptable considering it can cover most scenarios except 2 step RACH. The selection between RedCap specific RACH configuration or UL BWP can be decided by RAN1, but the configuration would be broadcasted in the system information. Moreover the presence of RedCap specific UL BWP or RACH configuration means the RedCap UE shall use it for initial access. Otherwise the UE shall use UL BWP/RACH provided for non-RedCap UE for initial access unless the cell has been barred for the RedCap UEs.
Proposal 1: MSG1 based early identification is introduced.  The RedCap UE shall use RedCap specific UL BWP or RACH configuration for initial access if either one is present in system information. If absent, the UE shall use UL BWP/RACH provided for non-RedCap UE for initial access. The final decision on RedCap specific UL BWP or RACH config should be done by RAN1. 
For MSG3 based solution:
	Option 2: During Msg3 transmission:
Feasibility: Identification of RedCap UE type(s) during transmission of Msg3 may be feasible from the perspective of RAN1, at least for the following solutions:
-	Using the spare bit in existing Msg3 definition
-	Extending the Msg3 size to carry additional one or more bits, indicating RedCap UE type(s)
-	Introduction of new larger RRC message (e.g. on CCCH1)
-	New MAC control element or LCID



The problems of MSG 3 based solution are:
· Candidate solutions are too heavy i.e. require more specification change compared to Msg1; 
In addition, as discussed above, MSG3 is only appliable for limited scenario, we do not see the need to introduce it in Rel-17. 
Proposal 2: MSG 3 based early identification solution is not introduced in Rel-17.  
For MSGA based solution:
	Option 4: During MsgA transmission:
Feasibility: Identification of RedCap UE type(s) during transmission of MsgA could be feasible, at least for the following solutions:
-	Separation of 2-step RACH resources (e.g., occasions and/or formats) or MsgA preambles between RedCap and non-RedCap UEs
-	Separation of initial UL BWP for RedCap and non-RedCap UEs
-    Using a new indication in MsgA PUSCH part



Similar to MSG1 based solution, the impact of MSGA based solution is the additional RACH resources or UL BWP resources, or new indication in MsgA PUSCH part. However it is unclear whether 2 Step RACH will be supported for RedCap UE or not. Therefore RAN2 should wait for RAN1 on this.  
Proposal 3: Postpone the discussion on MSG A based early identification and wait for RAN1 to decide whether 2-step RACH is supported for RedCap UE. 

Camping restrictions for RedCap UE
Camping restrictions were discussed in RAN2#111, and RAN2 agreed:
Agreements:
1. An indication in system information is needed to indicate whether a REDCAP UE can camp on the cell. FFS whether the indication is explicit or implicit. 
2. System information indicates whether REDCAP operation is allowed/barred on a frequency. FFS reuse the legacy intraFreqReselection or introduce separate flag
In addition, as discussed in RAN plenary, some operators would like to have means to control whether 1Rx RedCap UE or 2Rx RedCap UE can camp on the cell or not. It is also reflected in the WID as “it shall be possible for the indication to be specific to the number of Rx branches of the UE.”.
For cell barring, it is also related to early identification solution since for MSG 1 based early identification, network may need to indicate RedCap specific UL BWP or RACH configuration. If this information is introduced in system information, absence of the RedCap specific configuration implies that the cell is barred for RedCap UEs. 
However to allow the operators to have additional choice on whether 1 Rx or 2 Rx RedCap UE can camp on the cell. We still need to introduce explicit RedCap specific cell bar based on the number of Rx branches of the UE.
Proposal 4: Introduce RedCap specific cell bar indication based on the number of Rx branches supported by the RedCap UE;
Regarding intraFreqReselection, the question is whether the legacy bit can be reused or not. There are following scenarios:
· Scenario 1: RedCap is barred, but non-RedCap is not barred;
· Scenario 2: RedCap is not barred, but non-RedCap is barred;
· Scenario 3: RedCap is barred, and non-RedCap is also barred;
· Scenario 2: RedCap is not barred, and non-RedCap is also not barred;
Normally cells in the same frequency will be upgraded simultaneously regardless of whether the cell supports RedCap or not. For above 4 scenarios, we do not see the issue to reuse existing intraFreqReselection bit considering redcap special handling is not needed. Therefore, we propose:
Proposal 5: Legacy bit intraFreqReselection is reused for RedCap UE;
1. Conclusion
Based on the discussion, we have following observation and proposals:
Observation 1: MSG1 based early identification solutions can cover all scenarios. However, MSG A or MSG 3 based approach can only cover limited scenario. 
Proposal 1: MSG1 based early identification is introduced.  The RedCap UE shall use RedCap specific UL BWP or RACH configuration for initial access if either one is present in system information. If absent, the UE shall use UL BWP/RACH provided for non-RedCap UE for initial access. The final decision on RedCap specific UL BWP or RACH config should be done by RAN1. 
Proposal 2: MSG 3 based early identification solution is not introduced in Rel-17.  
Proposal 3: Postpone the discussion on MSG A based early identification and wait for RAN1 to decide whether 2-step RACH is supported for RedCap UE.
Proposal 4: Introduce RedCap specific cell bar indication based on the number of Rx branches supported by the RedCap UE;
Proposal 5: Legacy bit intraFreqReselection is reused for RedCap UE;
1. Reference
[1] RP-210918 RedCap WID update, Nokia, Ericsson
[2] R2-2102056	RAN2 update to TR38875	Ericsson
[3] R2-2009936	Summary of email discussion 914 on UE identification and access restrictions	Huawei	
[4] R2-2010786	Summary of offline 113 - RedCap identification and access restrictions	Huawei
[5] R2-2102018	Summary of offline 108 - [REDCAP] UE identification and access restriction	Ericsson
[6] TR 38.875




