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1. Introduction

In [1], new WID on support of reduced capability NR devices is agreed. The objective of higher layer support of reduced capability NR devices is shown as follows.
· 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 this contribution, the issues on the higher layer support of reduced capability NR devices are considered, and views are provided.
2. Discussion
2.1. RedCap UE type(s)
In [3], we discussed the three main use cases identified for RedCap and use case specific requirements on reduced capability device.
The generic requirements on device include low cost/complexity and compact form factor. For specific use cases, the requirements will be different with data rate, latency, and battery lifetime. The priority of requirements may be different for these use cases. For Industrial wireless sensors and Wearables, the requirement on battery lifetime is prioritized. For Industrial wireless sensors, the requirement on latency is prioritized. 
Observation: The priority of requirements are different for different use cases.

In WID[1], the following UE complexity reduction features are supported, and to be specified during work item.

· Specify support for the following UE complexity reduction features [RAN1, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· 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.
· 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 will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
For the requirements of power saving, low cost/complexity and device size with high priority, most of the following potential UE complexity reduction features should include:

· Reduced maximum UE bandwidth(20MHz for FR1, e.g. 100MHz for FR2)
· Reduced minimum number of Rx branches (e.g 1 RX antenna)

· Maximum number of DL MIMO layers
· Relaxed maximum modulation order
· Half-Duplex-FDD 

The devices with these requirements can be defined as one type. Industrial wireless sensors, low-end video and wearables are the examples of this device type. This type can be considered as low-end RedCap device type. It is near to the LPWA (i.e. LTE-M/NB-IOT) device type.

For the requirements not sensitive to device size, power consumption and cost, the requirements of the following potential UE complexity reduction features can be relaxed:

· Reduced number of UE RX (e.g. up to 2 RX antennas for the bands requiring 4RX in Rel-15)
· UE Bandwidth reduction (support of a wider bandwidth after initial access)
· Maximum number of DL MIMO layers(e.g. 2 layer)
· Relaxed maximum modulation order(support of 256QAM in DL)
The devices with these requirements can be defined as one type. High-end video and others are the examples of this device type. This can be considered as high-end RedCap device type. This type of UEs can achieve higher data rate and low latency. It is near to the URLLC and eMBB like device type.

For the support of SA mode for RedCap UEs, the defined device types should share some common physical layer procedure, such as initial access. Use case/ device type orientated RedCap UEs features should be studied and defined. They can be defined specifically per device type, such as based on UE feature sets. 
In our view, two RedCap UE types are acceptable, with one type for low-end RedCap UEs and the other for high-end RedCap UEs. It is not desirable to have too many RedCap UEs types, which will bring specification complexity and market fragmentation.
In summary, two device types are preferred for RedCap UEs in Rel-17. Use case/ device types orientated RedCap UEs features should be studied and defined.

Proposal 1: Two RedCap UEs types with different key requirements are defined for RedCap in Rel-17. 

Proposal 2: Use case/device type orientated RedCap UEs features should be studied and defined.
For the specification of device type, RedCap UEs can be defined through UE capability signaling, or based on UE feature sets. In our view, the existing NR framework for UE feature/capability definition and reporting can be largely reused. This will require less standard efforts.

Proposal 3: Existing framework for UE feature is reused to specify the RedCap UE types.
As discussed above, with use case/device type orientated RedCap UEs features, a minimum UE feature set can be specified for each UE type. The minimum UE feature set implicitly defines RedCap UE types. This can also make sure that the defined UE type can fulfill the use case specific requirements. After all the UE complexity reduction features are identified, the subset of these features can be defined as a minimum UE feature set for a specific UE type. This can be further studied in WI stage. 

Proposal 4: Minimum UE feature set is specified for each UE type.
For the number of UE type for each frequency range, there are following alternatives.

· Alt.1: Single UE type for each FR

· Alt.2: Two UE types for each FR

This issues have been discussed during RAN1#102-e. In our view, the definition of RedCap UE type is use case/requirement orientated. For the perspective of commercial network deployment, FR1 is more popular at current stage. For FR1, two RedCap UE types are preferred. For FR2, at least one RedCap UE type should be defined. Whether two RedCap UE types can be further studied. RAN2 inputs will be constructive on this issue. Therefore, Alt3 with two RedCap UE types for FR1 and at least one type for FR2 are proposed.

Proposal 5: Two UE types for FR1 and at least one UE type for FR2 are defined.
2.2. Access control
In NR Rel-15, cell barring related information are indicated in MIB and SIB1. For cell barring for RedCap UEs, the following implicit and explicit indication methods were discussed [2].  

· Implicit or explicit indication (as may apply): 

· Alt. A: Via separate SSB and/or CORESET 0.
· Alt. B: Via indication in MIB.

· Alt. C: Via indication in DCI format scheduling SIB1.
· Alt. D: Via indication in SIB1.

For Alt.A, separate SSB and/or CORESET 0 for RedCap UEs may use initial DL BWP or a separate DL BWP. The initial DL BWP is responsible for SSB, CORESET for Type0 and even Type0A/1/2 PDCCH transmission. Beam sweeping further brings challenges to the resource comsumption of initial DL BWP. If the periodicity of SSB is shorter, the situation will be more severe. It is difficult to introduce separate SSB and/or CORESET 0 for RedCap UEs in initial DL BWP. 

For separate SSB and/or CORESET 0 in a separate DL BWP, we should study the need of supporitng a separate DL BWP for SIB and/or other common control (RAR, paging) transmissions to RedCap UEs. In our view, this method can well solve the issue of coexistence with regular/legacy UEs. However, separate SIB and/or SSB will have high system overhead. If RedCap UEs still need to receive legacy SIB, power consumption is another issue to consider. 

In our view, separate SSB and/or CORESET 0 for RedCap UEs is not preferred, regardless of using iniital or separate DL BWP, considering the system overhead. 

Proposal 6: Separate SSB and CORESET 0 are not used for cell barring indication. 

Alt.B and Alt.D are used for regular NR UE in Rel-15. They can be reused as a unified access control mechanism for RedCap UEs. Alt.C has some impacts on DCI format 1_0 in RAN1. This can be further discussed in RAN2. From RAN1 perpective, Alt B and D have least standard impacts. 

Proposal 7: Leagacy Access Control  mechanism is reused for RedCap UE as much as possible. The details are discussed in RAN2. 

For the soft access control via PRACH resource and/or transmission configurations specific to RedCap UEs, it is mainly a RAN2 issue. We can wait for the outcome from RAN2 discussion. If the solution has RAN1 impacts, RAN1 can further study this issue.
3. Conclusions
In this contribution, the issues on the higher layer support of reduced capability NR devices are discussed. The following are observed and proposed.

Observation: The priority of requirements are different for different use cases.

Proposal 1: Two RedCap UEs types with different key requirements are defined for RedCap in Rel-17. 

Proposal 2: Use case/device type orientated RedCap UEs features should be studied and defined.
Proposal 3: Existing framework for UE feature is reused to specify the RedCap UE types.
Proposal 4: Minimum UE feature set is specified for each UE type.
Proposal 5: Two UE types for FR1 and at least one UE type for FR2 are defined.
Proposal 6: Separate SSB and CORESET 0 are not used for cell barring indication. 

Proposal 7: Leagacy Access Control  mechanism is reused for RedCap UE as much as possible. The details are discussed in RAN2. 
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