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1	Introduction
[bookmark: _Ref178064866]The study item on the support of reduced capability NR devices for use cases such as industrial wireless sensors, video surveillance, and wearables [1] has the following objective among others.
	· Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].



RAN1 has made the following agreements [2].
	[bookmark: _Hlk49352463]Agreements:
· Further study the options for identification of RedCap UEs, including the following indication methods:
· Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Opt. 2: During Msg3 transmission. 
· Opt. 3: Post Msg4 acknowledgment. 
· E.g., during Msg5 transmission or part of UE capability reporting.
· Opt. 4: During MsgA transmission (subject to support of if 2-step RACH)
· Other options are not precluded.
· Note: This study intends to establish feasibility of, and pros and cons for the identified options from RAN1 perspective, without any intention of down-selection without guidance from RAN2.

Conclusion:
· RAN1 to wait for further progress in RAN2 on the issues of temporary access barring and congestion control



RAN2 has made the following agreements [2].
	Agreements:
· 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. 
· UAC mechanism also apply to REDCAP UEs.
· System information indicates whether REDCAP operation is allowed/barred on a frequency. FFS reuse the legacy intraFreqReselection or introduce separate flag
· Further discuss enhancement of UAC for REDCAP UEs, including e.g.:
a. Define new Access Identity for REDCAP UEs
b. Define new Access Categories for REDCAP UEs
(for any final decision we need to check with SA1 and/or CT1)



RAN2 also agreed to hold the following post-meeting email discussion (link to email, link to inbox).
	· [POST111-e][914][REDCAP] UE identification and access restrictions (Huawei)
· Scope: Discuss UE identification and access restrictions, addressing open issues from the meeting, taking into account possible RAN1 agreements and identifying possible solutions
· Intended outcome: email discussion summary
· Deadline:  Until next meeting




In this contribution, we discuss physical layer aspects of this objective.
2	UE identification
With the legacy procedure for UE capability signaling, in case the UE capabilities are already stored in the AMF, the full set of UE capabilities can be retrieved by the gNB from the AMF after the UE ID is made known to gNB. In case the AMF does not have the UE capabilities, the gNB retrieves them after the RRC connection has been setup and security has been enabled. If the UE comes from RRC_IDLE, the used UE ID is the 5G-S-TMSI which is known after Msg5. If the UE comes from RRC_INACTIVE, the used UE ID is the resume ID (I-RNTI) which is received in Msg3. Using the legacy mechanisms, the UE capabilities would be known to gNB before any service is configured and before any user-plane data transmission takes place.
Any new functionality for UE identification would only be required if the above is not enough, for example if it is desired to have an earlier UE identification. From RAN1 perspective, there can be several reasons why this would be desired, which broadly fall into the following two categories:
· A RedCap UE can be expected to experience degraded performance compared to a legacy UE, and it may be desired to apply one or more coverage recovery techniques to the transmission of one or more of the random access messages. Depending on the details of the recovery techniques, it may be undesired or even impossible for a legacy UE to process the message when the recovery techniques are used, and in that case an early indication may be needed so that gNB knows whether to apply the coverage recovery techniques or not to the transmission of subsequent messages. On the other hand, there may also be scenarios where it is not necessary to use recovery techniques, or where it is feasible to apply the required recovery techniques to all UEs including legacy UEs.
· A RedCap UE may have limited (or no) ability to use certain transmission formats. For example, if the RedCap UE has a smaller maximum UE bandwidth compared to legacy UEs, the RedCap UE may have difficulty to implement frequency hopping support for configurations where it is expected to hop outside its UE bandwidth, and in this case an early indication may be needed so that gNB can take the limited abilities of the RedCap UE into account. On the other hand, there may be some configurations of cell bandwidth, slot duration and other relevant cell configuration parameters where the RedCap UE is able to perform adequately. In the mentioned example with reduced UE bandwidth, frequency hopping outside the RedCap UE bandwidth may not be needed in a given cell, or the RedCap UE may have enough time to do frequency retuning between frequency hopping locations. Some of these aspects may not be fully understood without RAN4 involvement (in WI phase).
The realistic options for introducing an early indication for UE identification are in Msg1, in Msg3, in Msg5 or later, or in MsgA in case 2-step RACH is used. A new Msg3 indication would only be relevant for UEs coming from RRC_IDLE, since if a UE comes from RRC_INACTIVE then the UE capabilities can be retrieved by gNB after it has received the resume ID (I-RNTI) in Msg3 as mentioned above.
A Msg1 indication to identify RedCap UEs means using PRACH preamble partitioning or separate PRACH resources for RedCap. In this case one would get the RedCap early indication implicitly. To avoid performance losses and fragmentation of preamble space we think Msg1 indication should be avoided if possible. One reason to avoid premature conclusions in this regard is that there may be a similar need for early indication in the Small Data enhancement work [3], and we want to avoid the excessive PRACH resource consumption or fragmentation that might result from RedCap, Small Data and their combinations.
Until all these aspects are clearly understood, we would like to keep the door open for all options and perhaps also to the possibility for the network to configure which option that should be used since it may vary from scenario to scenario which option is the best one. The final decision should not be made until in the WI phase.
[bookmark: _Toc53800340]In the TR, capture feasibility/pros/cons for different options from RAN1 perspective, considering the input in the table in this contribution. Do not make further attempts to down-select between the options in this RAN1 meeting.

	Option
	Feasibility/pros/cons from RAN1 perspective

	Option 1: Msg1
	Feasibility:
· Yes, assuming enough PRACH resources are available for grouping
Pros:
· Msg2/3/4/5 transmission parameters can be optimized for RedCap and non-RedCap UEs, respectively
· Does not require any additional bits in Msg3 (from RAN1 perspective)
Cons:
· Increased PRACH resource consumption/fragmentation; the fragmentation could multiply if Msg1 indication is further used for RedCap UE identification, Small Data transmission and slicing, possibly leading to resource depletion

	Option 2: Msg3
	Feasibility:
· Yes, assuming Msg2/3 transmission does not become an issue without earlier indication
Pros:
· Msg4/5 transmission parameters can be optimized for RedCap and non-RedCap UEs, respectively
· No increased PRACH resource consumption/fragmentation
Cons:
· Msg2/3 transmission parameters cannot simultaneously be optimized for RedCap and non-RedCap UEs
· Requires at least one bit in Msg3 and potentially a larger Msg3 TBS

	Option 3: Msg5+
	Feasibility:
· Yes, assuming Msg2/3/4/5 transmission does not become an issue without earlier indication
Pros:
· No increased PRACH resource consumption/fragmentation
· Does not require any additional bits in Msg3 (from RAN1 perspective)
Cons:
· Msg2/3/4/5 transmission parameters cannot simultaneously be optimized for RedCap and non-RedCap UEs

	Option 4: MsgA
	Feasibility:
· Yes, assuming 2-step RACH is used
Pros:
· MsgB and Msg5 transmission parameters can be optimized for RedCap and non-RedCap UEs, respectively
· Pros for UE indication in MsgA preamble part are similar as for Option 1
· Pros for UE indication in MsgA PUSCH part are similar as for Option 2
Cons:
· Cons for UE indication in MsgA preamble part are similar as for Option 1
· Cons for UE indication in MsgA PUSCH part are similar as for Option 2



3	Access restriction
RAN1#102e made a conclusion “RAN1 to wait for further progress in RAN2 on the issues of temporary access barring and congestion control”. In our view, RAN1 should continue to prioritize study of other aspects of the study item during the limited remaining time in RAN1 for this study item and leave the study of access restriction to RAN2.
[bookmark: _Toc53800341]RAN1 continues to prioritize study of other aspects of the study item and leave the study of access restriction to RAN2.
[bookmark: _Toc47087773][bookmark: _Toc47087805][bookmark: _Toc47087774][bookmark: _Toc47087806]4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	In the TR, capture feasibility/pros/cons for different options from RAN1 perspective, considering the input in the table in this contribution. Do not make further attempts to down-select between the options in this RAN1 meeting.
Proposal 2	RAN1 continues to prioritize study of other aspects of the study item and leave the study of access restriction to RAN2.
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