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1.	Introduction
The work item on support of reduced capability NR devices was approved in RAN#90e and the WID was found in RP-202933 [1]. 
[bookmark: _Hlk58502603]One of the objectives in [1] is to specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
In addition, it is noted in the WID that coexistence with non-RedCap UEs is to be ensured and the appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.
In this contribution, we briefly discuss higher layer support for reduced capability NR devices.
2.	Definition of RedCap UE type(s)
RAN2 recently made some progress on RedCap UE capabilities and types just before RAN1 WI begins:
	· RedCap UE capabilities can be categorized as:
· Min capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) if identified; 
· FFS on whether some features are mandatory with signaling for RedCap UE, i.e. IOT bit;
· (Note: RedCap UEs might have the same set of higher layer capabilities, however this is FFS in RAN2)  
· Optional capabilities (signaled explicitly)
· Following scenarios are considered when design the capability signaling for RedCap UE, but FFS on the details, e.g. what each category of features may include and on the applicability of the cases:
· For the features that are mandatory for non-Redcap UEs: 
· Case1: The Redcap UE mandatorily supports the feature with the same value;
· Case2: The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value);
· Case3: The Redcap UE optionally supports the feature;
· Case4: The Redcap UE does not support the feature at all.   
· For the features that are optional for non-Redcap UEs: 
· Case1: The Redcap UE does not support the feature at all.
· Case2: The Redcap UE supports the feature with different value;
· Case3: The Redcap UE supports the feature with the same value;
· Case4: The Redcap UE mandatorily supports the feature
· Following capability design principle is considered for RedCap UE, but details should be discussed in WI phase:
· Alternative 1:
· The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:
· Mandatory features for non-RedCap UE that are not supported for RedCap UE;
· Mandatory features for non-RedCap UE that are optional for RedCap UE;
· Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;
· Optional features for non-RedCap UE that are not supported for RedCap UE;
· Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.
· For a RedCap device type, define new signaling fields in UE Capability for the features that are mandatory w/o capability signaling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signaling for non-RedCap UEs but with different value for RedCap UEs.The possible new introduced signaling fields for RedCap UEs should not apply to non-RedCap or legacy UEs for mandatory features w/o capability signaling.
· Alternative 2:
· Directly define the UE capabilities required for RedCap devices, including:
·  Mandatory features for RedCap UEs (defined in specification);
· Optional features for Redcap UEs (introduce signaling fields in an independent container defined specifically for Redcap UE). 
· Regarding how can the network know whether the UE is RedCap UE or not in order to handle UE capabilities properly, following options are considered and to be captured in the TR, the further analysis/down selection should be done in WI phase (following options may not be mutually exclusive, and may not be an exhaustive list):
· Option 1: RedCap device type is indicated as part of the capability signaling
· Option 2: Define a new IE specifically for RedCap Ues containing these additional Redcap specific capabilities that is included only by Redcap UEs.
· Option 3: The network obtains the RedCap based on identification solution, e.g. during Msg1, Msg3, MsgA,etc, (pending RAN1 conclusion), and forwards it to target during Handover. 
· Option 4: NW identifies RedCap UE based on the reported capabilities. That is, assuming there are capabilities specific to RedCap UEs not used by non-RedCap UEs, it should be clear to NW the UE is Redcap without any additional type indication (if such is not needed e.g. during initial access).


Based on the above RAN2 agreements, we observed the following points:
Observation 1: RAN1 needs to discuss minimum L1 capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) regardless of RRC states. The minimum L1 capability may or may not be mandatory for non-RedCap UEs. 
Observation 2: RAN1 needs to discuss whether there is any L1 feature some RedCap UEs may support (i.e. optional for RedCap UE) regardless of RRC states. 
Observation 3: How to construct and signal RedCap UE capabilities would be discussed in RAN2. RAN1 could wait until RAN2 sends a LS on this aspect.
In addition, RAN1 made some progress on minimum L1 capabilities for RedCap UEs in RAN1#103-e. We think that RAN1 can further discuss additional L1 capabilities mandatory or optional for RedCap UEs, if any, for not only initial access but also connected mode.
Accordingly, we suggest the following proposals for RAN1 discussion from RAN1#104bis-e.
Proposal 1: RAN1 could continue to discuss additional minimum L1 capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) and any L1 feature some RedCap UEs may support (i.e. optional for RedCap UE) for initial access, if any from RAN1#104bis-e.
Proposal 2: RAN1 can discuss minimum L1 capabilities all RedCap UEs in RRC_CONNECTED support (i.e. mandatory for RedCap UE) and any L1 feature some RedCap UEs in RRC_CONNECTED may support (i.e. optional for RedCap UE) after some RAN1 progress
Proposal 3: Other details of RedCap UE capabilities can be discussed later in RAN1 based on RAN2 outcome.
3.	Identification of RedCap UEs
In addition, RAN2 discussed how the network can know whether the UE is RedCap UE or not in order to handle UE capabilities properly. Option 3 in the above RAN2 agreements is MSG1/3 based on identification solution which has been discussed in RAN1#103-e. RAN1 made some agreements on this solution as follows:
	· Observation: Early identification of RedCap UE type(s) during transmission of Msg1 may be necessary for:
· coverage recovery (including link adaptation) for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 reTx, 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.
· Note: Exact necessity depends on outcome of studies on UE cost/complexity reduction in AI 8.6.1 and Coverage Recovery in AI 8.6.3, and the SI on Coverage Enhancements.  
· Observation: If early identification of RedCap UE type(s) via Option 1 is not supported, identification of RedCap UE type(s) during transmission of Msg3 may be necessary for coverage recovery (including link adaptation) for one or more of: Msg4 PDCCH/PDSCH, Msg5 PUSCH and associated PDCCH
· Note: Exact necessity depends on outcome of studies on Coverage Recovery in AI 8.6.3


Considering the status of RAN1/2 discussion, we think that RAN1 should continue to discuss MSG1/3 based on identification solution during initial access from RAN1#104-e.
Proposal 4: RAN1 should continue to discuss MSG1/3 based on identification solution during initial access from RAN1#104bis-e.
Furthermore, we observed that some companies propose to indicate a new RedCap device type during initial access assuming that different RedCap device types are supported in Rel-17. We think that if the network need to differently handle different RedCap UEs having different sets of UE capabilities during initial access, it would be beneficial to define different RedCap device types. Need for different RedCap device types is not so clear, yet, though. Thus, we think that RAN1 can discuss need for identification of different RedCap device types for initial access. Note that RAN2 could mainly discuss need for identification of different RedCap device types after initial access.
Proposal 5: RAN1 can discuss need for identification of different RedCap device types for initial access from RAN1#104bis-e, assuming that RAN2 would mainly discuss need for identification of different RedCap device types after initial access.
4.	Other higher layer related aspects of RedCap UEs
[bookmark: _GoBack]In LTE, SIB1-BR and a separate SIB2 provide cell access information and common channel configuration for MTC UEs. In NR, it is not clear whether we need a separate SIB1 for REDCAP UEs, yet. 
We think that it is beneficial to introduce a separate SIB1 for REDCAP UEs due to the following reasons:
If common channels need to be enhanced for REDCAP UEs, REDCAP specific common channel configuration can be signaled without any concern on SIB1 size. 
REDCAP specific cell access information including UAC information can be signaled without any concern on SIB1 size, considering UAC information size can be significant in congestion.
Transmission of SIB1 can be optimized for REDCAP UEs.
Observation 4: It is beneficial to introduce a new SIB1 for REDCAP UEs e.g. for support of potential REDCAP specific common channel configuration and transmissions without any concern on SIB1 size.
Proposal 6: Study a mechanism for scheduling new SIB1 (e.g. SIB1-R) used by REDCAP UEs.
If a new SIB1 is introduced for REDCAP UEs, RAN1 should study a mechanism for scheduling a new SIB1 used by REDCAP UEs. In LTE, MIB provides scheduling information of SIB1-BR. However, NR MIB could not accommodate scheduling information of a new SIB1 for REDCAPs due to a very limited reserved bit in MIB. Accordingly, other options need to be studied to support scheduling of a new SIB1 (e.g. SIB1-R) in NR.
Observation 5: In LTE, MIB provides scheduling of SIB1-BR. However, it seems difficult for NR MIB to accommodate scheduling information of a new SIB1-R. 
One option to schedule a new SIB1 is that REDCAP UEs as well as legacy UEs rely on CORESET0 and receive the same DCI format 1_0 with CRC scrambled by SI-RNTI. We reckon that the DCI scheduling legacy SIB1 could be extended to schedule a new SIB1-R for REDCAP UEs. For example, some reserved bits in the DCI can provide additional information to REDCAP UEs which can decode a new SIB1 based on the additional information. Since reserved bits are ignored by legacy UEs, using reserved bits has no backward compatibility issue. 
Proposal 7: If CORESET0 can be shared by REDCAP UEs and normal UEs, the DCI format 1_0 with CRC scrambled by SI-RNTI can be used to schedule both legacy SIB1 and new SIB1-R.
If the existing DCI with SI-RNTI is extended to schedule a new SIB1-R, it can be also used to help UEs early identify whether the cell supports REDCAP UEs, even before decoding PDSCH carrying SIB1 or SIB1-R. REDCAP UEs could quickly understand whether the cell supports REDCAP UEs based on the extended part of the DCI. Thus, they could avoid further decoding PDSCH for SIB1-R at a cell not supporting REDCAP UEs, which leads to UE power saving in idle mobility i.e. cell selection and reselection process. 
Observation 6: If the DCI schedules new SIB1-R, REDCAP UEs can identify whether the cell supports REDCAP UEs based on the DCI.
Proposal 8: The DCI format 1_0 with CRC scrambled by SI-RNTI explicitly or implicitly indicates whether the cell supports REDCAP UEs
In NR, gNB can avoid repeatedly broadcasting other system information than SIB1 at all times and temporarily broadcast them upon request from an individual UE. Such mechanism is known as on-demand SI delivery. 
It is understood that gNB transmits other system information within the size of CORESET 0. However, REDCAP UEs may or may not receive transmissions of other system information at a cell, considering that minimum capability of REDCAP UEs could be lower than minimum capability of legacy UEs depending on RAN1 discussion. It is not clear whether all REDCAP UEs can always receive other system information at a cell without any intentional restriction to transmission of other system information.
In addition, gNB could possibly provide different configurations in other system information to REDCAP UEs and normal UEs. REDCAP UEs and normal UEs may not need to acquire each other’s system information, if any.
Observation 7: gNB currently transmit other system information within the size of CORESET 0. However, REDCAP UEs may or may not receive legacy transmission of other system information depending on RAN1 discussion. In addition, gNB could possibly provide different configurations in other system information to REDCAP UEs and normal UEs.
Accordingly, it is beneficial for gNB to know whether on-demand SI is requested by REDCAP UEs or normal UEs. This could be of benefit to not only REDCAP UEs but also legacy UEs. 
Observation 8: It is beneficial for gNB to know whether on-demand SI is requested by REDCAP UEs or normal UEs.
For on-demand SI request, gNB can provide RACH resource configuration in SI-RequestConfig of SIB1. We think that REDCAP specific RACH resources used for SI request can be configured in SIB1-R (or SIB1, if SIB1-R is not supported). Thus, gNB could identify which type of a UE is requesting on-demand SI and provide proper configuration in other system information to the UE depending on the type of the UE e.g. REDCAP UEs or normal UEs.
Proposal 9: REDCAP specific RACH resources can be configured for gNB to transmit on-demand SI message decodable by REDCAP UEs.  
Conclusion
In conclusion, we propose to discuss the following observations and proposals for reduced capability NR devices:
Observation 1: RAN1 needs to discuss minimum L1 capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) regardless of RRC states. The minimum L1 capability may or may not be mandatory for non-RedCap UEs. 
Observation 2: RAN1 needs to discuss whether there is any L1 feature some RedCap UEs may support (i.e. optional for RedCap UE) regardless of RRC states. 
Observation 3: How to construct and signal RedCap UE capabilities would be discussed in RAN2. RAN1 could wait until RAN2 sends a LS on this aspect.Proposal: RAN1 should begin to discuss minimum L1 capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) and any L1 feature some RedCap UEs may support (i.e. optional for RedCap UE) from RAN1#105-e.
Proposal 1: RAN1 should begin could continue to discuss additional minimum L1 capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) and any L1 feature some RedCap UEs may support (i.e. optional for RedCap UE) for initial access, if any from RAN1#104bis5-e.
Proposal 2: RAN1 can discuss minimum L1 capabilities all RedCap UEs in RRC_CONNECTED support (i.e. mandatory for RedCap UE) and any L1 feature some RedCap UEs in RRC_CONNECTED may support (i.e. optional for RedCap UE) after some RAN1 progress
Proposal 3: Other details of RedCap UE capabilities can be discussed later in RAN1 based on RAN2 outcome.
Proposal 4: RAN1 should continue to discuss MSG1/3 based on identification solution during initial access from RAN1#104bis-e.
Proposal 5: RAN1 can discuss need for identification of different RedCap device types for initial access from RAN1#104bis-e, assuming that RAN2 would mainly discuss need for identification of different RedCap device types after initial access.
Observation 4: It is beneficial to introduce a new SIB1 for REDCAP UEs e.g. for support of potential REDCAP specific common channel configuration and transmissions without any concern on SIB1 size.
Proposal 6: Study a mechanism for scheduling new SIB1 (e.g. SIB1-R) used by REDCAP UEs.
Observation 5: In LTE, MIB provides scheduling of SIB1-BR. However, it seems difficult for NR MIB to accommodate scheduling information of a new SIB1-R. 
Proposal 7: If CORESET0 can be shared by REDCAP UEs and normal UEs, the DCI format 1_0 with CRC scrambled by SI-RNTI can be used to schedule both legacy SIB1 and new SIB1-R.
Observation 6: If the DCI schedules new SIB1-R, REDCAP UEs can identify whether the cell supports REDCAP UEs based on the DCI.
Proposal 8: The DCI format 1_0 with CRC scrambled by SI-RNTI explicitly or implicitly indicates whether the cell supports REDCAP UEs
Observation 7: gNB currently transmit other system information within the size of CORESET 0. However, REDCAP UEs may or may not receive legacy transmission of other system information depending on RAN1 discussion. In addition, gNB could possibly provide different configurations in other system information to REDCAP UEs and normal UEs.
Observation 8: It is beneficial for gNB to know whether on-demand SI is requested by REDCAP UEs or normal UEs.
Proposal 9: REDCAP specific RACH resources can be configured for gNB to transmit on-demand SI message decodable by REDCAP UEs.  
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