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1. [bookmark: _Toc120549591]Introduction
[bookmark: _GoBack]In the SID agreed in RAN#86 [1] for support of reduced capability NR devices, two of the objectives are as the following, 
· 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 this contribution, standardization framework and principles for reduced capabilities are discussed, and the functionality of how to control the access of devices with reduced capabilities is also discussed.
2. Discussion on standardization framework and principles for Reduced Capability NR Devices
In our companion contribution[2], based on the reference data rate requirement, two capability sets are preferred to be defined, 
· set 1 for lower data rate, such as several Mbps, compact device size and lower UE capability, and 
· set 2 for higher data rate, such as tens of Mbps and reduced UE capability but higher than set 1 to provide such as lower latency or larger buffer size.
Proposal 1: Define at most two capability sets is preferred for the devices with reduced capability.
In the following, principles to constrain above reduced capabilities are discussed.
· The network should be able to control access of reduced capability NR devices, to avoid performance degradation and realize traffic offloading.
· Considering coexistence with eMBB/URLLC devices in the same network, if access of reduced capability NR devices will bring significant performance degradation to eMBB/URLLC UEs, the network can refuse the access of reduced capability NR devices.
· By controlling access of such devices, the network can provide additional specific resources for reduced capability NR devices when the traffic load is heavy. And when the traffic load is light, resource sharing can be allowed.
· The design for reduced capability NR devices should be able to realize flexible resource sharing and can easy capacity extension.
· Resource sharing between eMBB/URLLC devices and reduced capability NR devices can increase spectral efficiency. But for use cases such as industrial wireless sensors, large number of devices may be served at the same time, if the capacity can not be extended accordingly, congestion may happen and the users’ experience will be reduced.
Based on above principle discussion, the following proposals are given. 
Proposal 2: The network should be able to control access of reduced capability NR devices, to avoid performance degradation and realize traffic offloading.
Proposal 3: The design for reduced capability NR devices should be able to realize flexible resource sharing and can easy capacity extension.

3. Discussion on the design of network control for Reduced Capability NR Devices
The design for reduced capability NR devices needs to follow above principles. BWP framework can be used to serve such devices. BWP framework has been used by R16 power saving. To support UE power saving, BWP specific parameters can be configured, and UE switches to specific BWP with power saving configuration, such as smaller MIMO layers, and dormant BWP in Scell to realize power saving.
While to restrict access to network, the BWP framework has to be used even from the initial acess for devices with reduced capability, this is different from the power saving, which focuses on connected UEs. BWP framework can provide the following advantages,
· Separate BWPs for initial access of UEs with different capabilities can offload the traffic and avoid initial access blocking. 
· By introducing additional BWPs except for the initial BWP that defined by pdcch-ConfigSIB1 in MIB, and setting smaller BWP bandwidth, UEs with small bandwidth can access to such BWP. 
· BWP specific system information can be broadcasted in different BWPs to support different types of reduced capability NR devices.
· Separate BWP can support reduce UE processing time, such as larger default scheduling slot offset.

Therefore, it is proposed to use BWP framework to support network control for Reduced Capability NR Devices.
Proposal 4: BWP framework is used to support network control for Reduced Capability NR Devices.

There are different realizations for such BWP framework,
· Option 1: More than one cell defining SSBs can be transmitted in one cell, and PBCHs can indicate different initial BWPs. Different bandwidths are set for these BWPs, and transmissons on these BWPs support different UE processing time. For this option, SSB transmitted periodically on different synchronization rasters means larger network overhead. One example is illustrated in figure.1, where the different initial BWP can support different device types.
[image: ]
Figure.1 More than one cell defining SSBs are transmitted in one cell.
· Option 2: one common cell defining SSB is transmitted, but different CORESET#0 for reduced capability devices to receive scheduling information of SIB1, as shown in figure.2. This option saves the SSB overhead, and support different UE bandwidth and UE processing time. However, for this option, additional indication is needed to indicate the other initial BWPs.
[image: ]
Figure.2 common cell defining SSB but different CORESET#0 are transmitted
· Option 3: common SSB and common CORESET#0 as eMBB devices are received, but SIB1 information is transmitted in different BWPs. This option can support different UE processing time and offload devices, but all devices need to support a UE bandwidth equal or larger than the common initial BWP, since they have to receive SIB1 scheduling information by the common CORESET#0.
[image: ]
Figure.3 common cell defining SSB but different SIB1 are transmitted.
All the three options can support different SIB1 information for different types of NR devices, further study on the three options is needed.
Proposal 5: Further study is needed for different options to realize BWP framework.
· Option 1: More than one cell defining SSBs can be transmitted in one cell, and PBCHs can indicate different initial BWPs,
· Option 2: one common cell defining SSB is transmitted, but different CORESET#0 for reduced capability devices to receive scheduling information of SIB1,
· Option 3: common SSB and common CORESET#0 as eMBB devices are received, but SIB1 information is transmitted in different BWPs.

4. Conclusions
In this contribution, considerations on standardization framework and principles for reduced capability NR devices are discussed, and design to realize network control is also discussed. The following proposals are made.
Proposal 1: Define at most two capability sets is preferred for the devices with reduced capability
Proposal 2: The network should be able to control access of reduced capability NR devices, to avoid performance degradation and realize traffic offloading.
Proposal 3: The design for reduced capability NR devices should be able to realize flexible resource sharing and can easy capacity extension.
Proposal 4: BWP framework is used to support network control for Reduced Capability NR Devices.
Proposal 5: Further study is needed for different options to realize BWP framework.
-	Option 1: More than one cell defining SSBs can be transmitted in one cell, and PBCHs can indicate different initial BWPs,
-	Option 2: one common cell defining SSB is transmitted, but different CORESET#0 for reduced capability devices to receive scheduling information of SIB1,
-	Option 3: common SSB and common CORESET#0 as eMBB devices are received, but SIB1 information is transmitted in different BWPs.
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