Page 8
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #103-e		R1-2008019
e-Meeting, October 26th – November 13th, 2020

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Discussion on design principles and definition for RedCap device type
Agenda item:	8.6.4
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
In the SID [1] for support of reduced capability NR devices, one 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].

During RAN1#102-e, the following agreements are made [2],

Agreement:
· Studying how to constrain RedCap devices to be used only for the intended use cases is deprioritized in RAN1.
 
In this contribution, consideration on design principles and definition for RedCap devices type are discussed and proposals are given.
2. Discussion on design principles for reduced capability NR devices
In the following, principles to constrain reduced capability NR devices 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 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 1: The network should be able to control access of reduced capability NR devices, to avoid performance degradation.
Proposal 2: The design for reduced capability NR devices should be able to realize flexible resource sharing and easy capacity extension.
Access control of RedCap devices will be discussed in another agenda. Here, we will discuss the resource sharing and capacity extension.
· Resource sharing
[bookmark: _GoBack]To realize resource sharing, the coexistence problems analysed in our companion contribution [3] needs to be solved, for example, 
· When RedCap devices and eMBB/URLLC devices coexistence in the same initial BWP, the determination of aggregation levels of type0/1-PDCCH and MCSs of broadcast PDSCH should consider the existence of RedCap devices.
· The gNB can reconfigure an initial DL/UL BWP with bandwidth larger than 20MHz for FR1 eMBB/URLLC devices, then RedCap devices may find that the scheduling of msg.3 is out of its maximum bandwidth. 
· When relaxed N1/N2 values are adopted for RedCap devices, the K2 value for msg.3 and K1 value for HARQ of msg.4 may be not enough for RedCap UE processing.
If RedCap devices want to share resources with eMBB/URLLC devices, for example, receive from common SSB, and common type0-PDCCH as eMBB/URLLC devices, the above problems need to be solved. 
Dedicated SIB1 information can be transmitted for RedCap devices, and then separate Type1-PDCCH search spaces can be configured for RedCap UEs in SIB1. In this case, separate common PDCCH and Msg.2 PDSCH can be transmitted for RedCap UEs, and partial of the first coexistence problems can be avoided. 
Proposal 3: Dedicated SIB1 information can be transmitted for RedCap devices to realize efficient resource sharing with eMBB/URLLC devices.
Early identification of RedCap device type is good for gNB to solve the third coexistence problems. Once gNB finds that RedCap devices request access, it can use matched scheduling parameters, e.g. ALs, MCS, slot offsets. 
Proposal 4: Early identification of RedCap device type is desired for efficient coexistencewith eMBB/URLLC devices.
· Capacity extension
For capacity extension, BWP framework can be used. 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. However, to avoid RACH congestion or restrict access of low capability devices, the BWP framework has to be used even from the initial access for devices with reduced capability; this is different from the power saving, which focuses on connected UEs.
With separate initial BWP, the RedCap devices can be offloaded from the common initial BWP for eMBB/URLLC devices. When the traffic load of RedCap device is high, even multiple separate initial BWPs can be configured. gNB can realize flexible capacity expansion for RedCap UEs.
What’s more, Separate initial BWP can solve the above coexistence problems. On the separate BWP, scheduling parameters are mostly considering the RedCap capability. Such as MCSs and ALs determination, K1/K2 values, initial BWP bandwidth before RRC connected can match the capability of RedCap devices.
Proposal 5: Separate initial BWP is supported for RedCap devices.
3. Discussion on RedCap UE type definition
According to the performance requirement, the reduced RedCap NR devices can be divided into low and medium UE capabilities compared to the eMBB/URLLC devices, to match the two kinds of reference data rates, and at the same time the low UE capability corresponds to a smaller device size. 
However, how to define the UE type and whether to introduce explicit categories needs to be discussed.
Firstly, we think explicit UE type(s) for network to realize access control is needed. The UE type is comprised of a minimum set of UE features/capabilities. Then during the initial access, gNB can make early access control for RedCap UE type or for different RedCap UE types, since the reduced capabilities will consume more network resources than normal devices, to avoid negative impact on normal existing eMBB/URLLC UEs. For example, the network can inform that specific UE type is not allowed to access the cell, and this can happen even before UE’s capability report.
Proposal 6: Explicit UE type(s) for network to realize access control is defined.
The following component can be included for RedCap UE type, if introduced,
· The number of RX/TX antennas: This is related to coverage performance of initial access, 1RX and 2RX has different coverage performance. 
· Maximum UE bandwidth: the reduced bandwidth may cause initial access problems when coexist with eMBB/URLLC devices, when gNB reconfigures a initial BWP larger than 20MHz for FR1, when 8 FDMed RACH occasions are configured, and when 50MHz maximum UE bandwidth is supported for FR2.
· UE processing time capability: when larger N1/N2 values are introduced, some smaller value of K2 and K1 during PRACH procedure cannot be used.
The above components are related to UE initial access, gNB can use RedCap specific scheduling schemes to overcome coexistence problems. Depending on the cost reduction analysis results, one or two RedCap UE types can be determined based on the candidate values left for each component.
Proposal 7: The following components can be included for RedCap UE type,
· The number of RX/TX UE types
· Maximum UE bandwidth
· UE processing time capability

Then the existing UE feature/capability framework can be the reused for RedCap devices, and UE can report its additional capabilities besides those included in RedCap UE type to gNB.
4. Conclusions
In this contribution, considerations on design principles and definition for RedCap devices type are discussed and proposals are made as following,
Proposal 1: The network should be able to control access of reduced capability NR devices, to avoid performance degradation.
Proposal 2: The design for reduced capability NR devices should be able to realize flexible resource sharing and easy capacity extension.
Proposal 3: Dedicated SIB1 information can be transmitted for RedCap devices to realize efficient resource sharing with eMBB/URLLC devices.
Proposal 4: Early identification of RedCap device type is desired for efficient coexistence with eMBB/URLLC devices.
Proposal 5: Separate initial BWP is supported for RedCap devices.
Proposal 6: Explicit UE type(s) for network to realize access control is defined.
Proposal 7: The following components can be included for RedCap UE type,
•	The number of RX/TX UE types
•	Maximum UE bandwidth
•	UE processing time capability
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