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1. Introduction
In RAN #88e meeting¸ study item on support of redcap UEs [1] was revised. As a baseline, the requirements for these three use cases are:
Generic requirements:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.
Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).
One of the target of this SI is to study the standardization framework and principles for how to define and constrain reduced capabilities. 
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].
2. Discussion
In LTE, UE category is used to represent a set of radio access capability parameters. While in NR, radio access capability parameters are explicitly signaled via capability signaling. During RRC setup procedure, UE’s capability is signaled to CN, and then will be indicated to gNB. Thus for UE in RRC CONNECTED, gNB can be aware of UE capability and determine the configuration and scheduling for the UE based on its capability.
Proposal 1: Current NR capability framework is reused for Redcap UE (i.e. UE capability can be stored in CN and be forwarded to gNB after the initial access).
According to the SID, the main motivation is to lower device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. To enable device design with compact factor form is also one of the requirements. RAN1 has discussed some solutions to fulfill these requirements.
UE bandwidth reduction is an important feature to reduce the UE complexity. In last RAN1 meeting, the following bandwidths were agreed to be studied at least for initial access.
· For FR1, at least 20 MHz maximum UE bandwidth 
· For FR2, 50MHz and 100 MHz maximum UE bandwidth
Other solutions include reduced antenna number, MIMO layer, processing time relaxation, modulation order, TBS and HARQ number.These reduced capabilities may impact initial access. Reduced bandwidth capability will limit the bandwidth for downlink and uplink scheduling. Limited antenna number will cause coverage loss. Then coverage recovery with PDCCH/PDSCH/PUSCH repetition will be needed. Relaxed HARQ processing time also has impact on timeline of msg3/msg4/msg5 scheduling.
Observation 1: Redcap UE may require special treatment during initial access, compared to the legacy UE. 
Since the Redcap UE with reduced capability may require special treatment during initial access, some solution is needed to distinguish the Redcap UE from normal UE during the initial access. Otherwise, the NW has to perform scheduling based on the minimal capabilities supported by the Redcap UE, even for the normal UE. 
Considering different reduced capability may require different treatment on NW side (e.g. in scheduling), different combination of reduced capability set may lead to different requirement on NW, and will increase the complexity in both specification and implementation. 
Observation 2: Lots of reduced capability set supported by different Redcap UE may lead to market fragmenting and increase the complexity in both specification and implementation.
To avoid market fragmenting and save complexity in both specification and implementation, we think only limited combination of reduced capability set shall be allowed for UE, and some kind of Redcap UE type can be introduced to indicate the reduced capability set supported by UE.
For the capabilities associated to the Redcap UE type, one principle is to combine the capabilities which has impact on initial access. These capabilities may include the minimal supported bandwidth, antenna number, HARQ processing time, MIMO layer, etc. Initial access framework for redcap UE should be designed based on the combination of reduced capabilities.
Proposal 2: Redcap UE type shall be introduced to indicate the reduced capability set supported by UE. At least, the reduced capability related to initial access shall be associated to the Redcap UE type.
Besides the reduced capability, which may be used during initial access, some other capability may be supported by UE as well. For example, in NR, some capability is defined to support high peak data rate ( e.g. high layer MIMO, CA/DC etc), high reliable and low delay use case (e.g. PDCP duplication), and other use case. It may be meaningful to determine whether these advanced capabilities can be supported by redcap UE. 
To avoid market fragmentation,we think it would be nice to limit the flexibility of capabilities supported by Redcap UE. Also considering the intention of the redcap UE is targeted to low cost, low complexity and compact device, it seems not all advanced capabilities need to be supported by redcap UE. 
Therefore, it is reasonable to have some limitations in capability signaling to prevent redcap UE from indicating some advanced capabilities. FFS which capabilities are not supported by redcap UE.
Proposal 3: The capabilities, which are not associated to Redcap UE type, can be indicated in NR capability signaling, and separate RAT capability container with new RAT-type shall be used for the Redcap UE.
Proposal 4: To limit the capability scope which can be different for redcap UE, only necessary capability will be included in the new capability container.
3. Conclusion
Proposal 1: Current NR capability framework is reused for Redcap UE (i.e. UE capability can be stored in CN and be forwarded to gNB after the initial access).
Observation 1: Compared to the legacy UE, Redcap UE may require special treatment during initial access procedure. 
Observation 2: Lots of reduced capability set supported by different Redcap UE may lead to market fragmenting and increase the complexity in both specification and implementation.
Proposal 2: Redcap UE type shall be introduced to indicate the reduced capability set supported by UE. At least, the reduced capability related to initial access shall be associated to the Redcap UE type.
Proposal 3: The capabilities, which are not associated to Redcap UE type, can be indicated in NR capability signaling, and separate RAT capability container with new RAT-type shall be used for the Redcap UE.
Proposal 4: To limit the capability scope which can be different for redcap UE, only necessary capability will be included in the new capability container.
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