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1.	Introduction
The study item on support of reduced capability NR devices was approved in RAN#86 and the SID was revised in RAN#88e [1]. 
One of the objectives in [1] is to identify and study potential UE complexity reduction features, including:
Reduced number of UE RX/TX antennas
UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
Half-Duplex-FDD 
Relaxed UE processing time 
Relaxed UE processing capability
In this contribution, we discuss some other aspects for reduced capability NR devices.
2.	Discussion
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 1: 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 1: 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 2: 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 2: 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 3: If the DCI schedules new SIB1-R, REDCAP UEs can identify whether the cell supports REDCAP UEs based on the DCI.
Proposal 3: 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 4-1: 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 4-2: 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 4: REDCAP specific RACH resources can be configured for gNB to transmit on-demand SI message decodable by REDCAP UEs.  
As written in the WID, we intend to study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
In RAN1#103-e, RAN1 concluded that the study on RRM relaxations for stationary devices was deferred to RAN2. In addition to RRM relaxation, we think that other aspects can be optimized for stationary UEs. For example, stationary UEs may not frequently change for a best beam RS. Thus, it seems beneficial to optimize relaxed operation of some aspects based on beam RS such as Radio Link Monitoring and Beam Failure Detection.
Observation 5: A best beam RS would not frequently change for a certain stationary UE for which some aspects could be optimized.
Proposal 5: Study relaxed operation of RLM/BFD as well as RRM for a stationary UE. 
Conclusion
In conclusion, we propose to discuss the following observations and proposals for reduced capability NR devices:
Observation 1: 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 1: Study a mechanism for scheduling new SIB1 (e.g. SIB1-R) used by REDCAP UEs.
Observation 2: 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 2: 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 3: If the DCI schedules new SIB1-R, REDCAP UEs can identify whether the cell supports REDCAP UEs based on the DCI.
Proposal 3: The DCI format 1_0 with CRC scrambled by SI-RNTI explicitly or implicitly indicates whether the cell supports REDCAP UEs
Observation 4-1: 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 4-2: It is beneficial for gNB to know whether on-demand SI is requested by REDCAP UEs or normal UEs.
Proposal 4: REDCAP specific RACH resources can be configured for gNB to transmit on-demand SI message decodable by REDCAP UEs.  
Observation 5: A best beam RS would not frequently change for a certain stationary UE for which some aspects could be optimized.
Proposal 5: Study relaxed operation of RLM/BFD as well as RRM for a stationary UE. 
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