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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#89 meeting, the revised SID on supporting the reduced capability NR devices was approved [1], 
and the following objectives in the SID were included: Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
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].


In RAN1 #102 meeting [2], following agreement and conclusions are listed:Agreements:
· Further study the options for identification of RedCap UEs, including at least the following indication methods:
· [bookmark: OLE_LINK13]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.
Conclusion:
· RAN1 to defer to RAN2 for further progress on studies regarding RRM relaxations and E-DRx for RedCap UEs to facilitate reduced UE power consumption.


In RAN2 #111 meeting [3], following agreements are achieved: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. UAC mechanism also apply to REDCAP UEs.
3. System information indicates whether REDCAP operation is allowed/barred on a frequency. FFS reuse the legacy intraFreqReselection or introduce separate flag
4. 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


In this contribution, identification and access restriction of reduced capabilities devices are discussed, with the considerations on the aspects to ensure the coexistence for NR RedCap UEs and NR legacy UEs.
[bookmark: _Ref481055071]Discussion
[bookmark: OLE_LINK106][bookmark: OLE_LINK111][bookmark: OLE_LINK23][bookmark: OLE_LINK225][bookmark: OLE_LINK226]Capability indication and access restriction
In RAN2 #111-e meeting, it was agreed to introduce an indicator in system information to indicate whether to allow RedCap UE camp on a cell. To our understanding, there are two potential motivations for restricting the access of RedCap UEs to avoid unnecessary network access attempt of the RedCap UEs. 
· Motivation 1: Network has no ability to support the RedCap UEs.
· Motivation 2: Network supports RedCap UEs, but restricts the RedCap UE’s access for load balance and system performance.
For the former motivation, the network should indicate to the RedCap UE whether the network has the capability to support RedCap UEs access or not. For the commercialization of networks, support of NR RedCap UEs could be deployed gradually. In the actual network environment, especially for the initial deployment phase, it is possible that some cells do not have the capability of supporting NR RedCap UEs. If the network indicates no support of NR RedCap UEs, the UEs will not attempt to access the network again or not attempt to access for a much longer time for avoiding unnecessary power consumption. In this case, the UE may continue to scan SSB raster for finding another suitable cell to camp on. Therefore, the earlier the network indicates its capability, the better the RedCap UEs can save its power consumption.
Proposal 1: It is necessary for network to indicate its capability of whether it supports RedCap UEs accessing or not.
For the latter motivation, if the network already has the capability of supporting the reduced capability UEs, the network should indicate whether it allows the RedCap UEs accessing or not. For example, the network wants to load balance or protect the access of legacy UEs. Furthermore, due to the reduced capability, e.g. number of RX/TX antenna, reduced PDCCH complexity, the RedCap UEs will have lower transmission efficiency compared to legacy UEs. The massive number of RedCap UEs will pull down the network performance. Based on the above discussion, it should be allowed that network can restrict all RedCap UEs or part of RedCap UEs access according to the strategy. According to the current NR specification, there are some mechanisms for the network to indicate whether the network allows the UE’s accessing or not, for example, via the indications in MIB or SIB1, or load balance mechanism during the random access procedure, or during paging procedure. As RAN2 agreed, an indication in system information is needed to indicate whether a RedCap UE can camp on the cell. One direct way is to indicate by one spare bit in MIB, and 2 more spare bits in PBCH payload in FR1. 
Observation 1: For FR1, spare bits in MIB are possible for restricting the access of RedCap UEs.
[bookmark: OLE_LINK6]Moreover, there are 15 spare bits in DCI associated with SIB1, the spare bits can be used to make access restriction of RedCap UEs. Compared with access restriction via SIB1, if restrict the access of RedCap UEs via DCI associated with SIB1, the RedCap UEs would stop the system information acquisition procedure once the RedCap UE successfully decodes the DCI with the access restricting information. Since unnecessary SIB1 decoding can be avoided for the RedCap UEs, it is beneficial for power saving for this method. Therefore, it is preferred to restrict the access of RedCap UEs via DCI associated with SIB1.
Observation 2: Compared with access restriction via SIB1, access restriction via DCI associated with SIB1 is beneficial for RedCap UE’s power saving and with minor specification impact.
Proposal 2: Consider to restrict the access of RedCap UEs via DCI associated with SIB1.
Based on the above discussion, both of the two motivations should be indicated in system information (e.g., MIB or DCI associated with SIB1). In WI phase, the details on achieving those two motivations whether in the same procedure or different procedures can be further discussed.
Device identification
In RAN1 #102-e meeting, multiple options are listed in agreement for further study, e.g. during Msg1, MsgA, Msg3 or Msg5. Based on the discussion in the above section, the network can indicate whether it allows RedCap UEs access or not, based on identifying RedCap UEs. Some mechanisms should be discussed for how to identify RedCap UEs.
[bookmark: OLE_LINK10]The bandwidth and peak data rate of NR RedCap UE will be less than that of eMBB UEs. If there is no identification on RedCap UEs before RRC connection is established, the network has to make limitations on eMBB UE’s scheduling and DL/UL data transmission during cell access and random access procedure, when considering the coexistence of NR RedCap UEs with NR legacy UEs. The earlier the network can identify the RedCap UEs, the better for the gNB to separately schedule the data transmission and make network control on RedCap UEs. 
Observation3: The earlier the network identify the RedCap UEs, the better for the gNB to separately schedule the data transmission and make network control on RedCap UEs.
[bookmark: OLE_LINK1][bookmark: OLE_LINK87]For 2-step RACH, RedCap UE can be identified by MsgA. For 4-step RACH, RedCap UE can be identified by Msg1/MsgA or Msg3. Identifying RedCap UEs via Msg1/MsgA (e.g. separated RACH resources for the RedCap UEs and the legacy UEs) has some benefits. Identifying RedCap UEs via Msg1/MsgA can provide resource allocation flexibility for RedCap UEs and legacy UEs. Accordingly, gNB can configure proper resources for Msg2/Msg3/Msg4. Furthermore, if the RedCap UEs cannot support the entire bandwidth of the UL BWP (exceed the maximum bandwidth supported by RedCap UEs), there would be problems to transmit Msg3. Therefore, it is suitable to identify RedCap UEs by Msg1 or MsgA. This can be achieved by separated Msg1 and MsgA resource configuration either in shared SIB1 or in two separated SIB1 deciding by the network [4]. In addition, identifying RedCap UEs via Msg1/MsgA can provide proper processing time for RedCap UEs and legacy UEs. Since the relaxed processing time for RedCap UEs is mentioned in revised SID [1], the processing time for Msg2/Msg3/Msg4 are possible to be relaxed, identifying RedCap UEs via Msg1/MsgA can avoid impact on coexistence with legacy UEs. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 3: Consider to identify RedCap UEs via Msg1/MsgA.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, preliminary considerations are provided on defining and constraining reduced capabilities, as well as the identification and access restriction of reduced capabilities devices. Moreover, the following observation and proposals are given:
Observation 1: For FR1, spare bits in MIB are possible for restricting the access of RedCap UEs.
Observation 2: Compared with access restriction via SIB1, access restriction via DCI associated with SIB1 is beneficial for RedCap UE’s power saving and with minor specification impact.
Observation3: The earlier the network identify the RedCap UEs, the better for the gNB to separately schedule the data transmission and make network control on RedCap UEs.
Proposal 1: It is necessary for network to indicate its capability of whether it supports RedCap UEs accessing or not.
Proposal 2: Consider to restrict the access of RedCap UEs via DCI associated with SIB1.
Proposal 3: Consider to identify RedCap UEs via Msg1/MsgA.
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