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1.	Introduction
The work item on support of reduced capability NR devices was approved in RAN#90e [1] and the latest version of the WID including the following objectives was found in [2]. 
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 
In this contribution, we discuss some aspects of higher layer support for reduced capability NR devices.
4.	SIB1 for RedCap UEs
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 eMTC, 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 eMTC, MIB provides scheduling of SIB1-BR. However, it seems difficult for NR MIB to accommodate scheduling information of a new SIB1-R. 
RAN1 agreed that sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth. Thus, 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: When CORESET0 is configured to be shared between RedCap UEs and non-RedCap UEs, the DCI format 1_0 with CRC scrambled by SI-RNTI can be used to schedule both legacy SIB1 and new SIB1-R.
4.	SI indication to control cell access of RedCap UEs
The minimum number of Rx branches for RedCap UEs for frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports (called “NR 4-Rx bands” for brevity) has been controversial for the last a few RAN1 meetings leading to the decision deferred to the RAN plenary meeting. The main issue was whether to introduce 1-Rx RedCap UEs in NR 4-Rx bands. Main concerns from operators were on the loss in spectral efficiency, the impact on the network planning, and the specification impact to recover the coverage loss, to name a few. There were also concerns raised by UE vendors rather from a practical point of view that the wearable solutions with a compact form factor that are available in the market today are all equipped with 1 Rx and integrating 2 Rx with improved performance is not likely to be achievable in a few years. Therefore, the UE vendors want to remove the uncertainty by extending the proven 1-Rx solutions towards the upper NR operating bands such as NR 4-Rx bands.
After a few rounds of discussions in RAN#91-e meeting, the WI objectives were updated in a compromised way that 1-Rx and 2-Rx RedCap UEs are supported in NR 4-Rx bands under the condition that the mechanisms that allow the network to control cell/frequency access of the RedCap UEs based on the number of Rx branches are specified at the same time. In that way, the network has the control of allowing the RedCap UEs to their cells/frequencies only when/if the network is ready. The relevant WI objective is as follows:
· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]
Even if it is a RAN2-led objective, as the motivation of controlling cell/frequency access of RedCap UEs based on the number of Rx branches arose from the performance differences among UEs with different number of Rx branches, RAN1 can discuss and perhaps provide some guidance to RAN2 on how to control cell/frequency access of RedCap UEs based on the number of Rx branches.
The network could indicate whether a RedCap UE can camp on the cell/frequency or not based on the RedCap UE types if multiple RedCap UE types could have been defined. In this case, the network could allow some of the RedCap UE types to camp on the cell/frequency and disallow the others. Even if the WI objective was updated to specify definition of ‘one’ RedCap UE type as of RAN#91-e meeting, the same philosophy can apply to control cell/frequency access of RedCap UEs based on the number of Rx branches in which case the number of Rx branches defines the RedCap UE types.
To be more specific to the access control of RedCap UEs based on the number of Rx branches, depending on the needs from the network, different level of details for RedCap access control can be provided. In its simplest form, the network can simply bar the access of RedCap of UEs to the cell/frequency regardless of the number of Rx branches. Or, the network can only bar the RedCap UEs with 1 Rx branch. The motivation of this case would be to avoid loss in spectral efficiency of the network that may be potentially caused by 1-Rx RedCap UEs. Alternatively, the network can only bar the RedCap UEs with 1 Rx branch only for NR 4-Rx bands. This would be due to the fact that the amount of the potential loss in spectral efficiency of the network is the most significant when the 1-Rx RedCap UEs are introduced in NR 4-Rx bands. The 2 Rx RedCap UEs would be allowed in NR 4-Rx bands in this case. To summarize, the following alternatives can be considered as 1-bit solutions if only 1 bit (or up to 2 code points) is available for access control of RedCap UEs.
· Alt.1 Bar RedCap UEs (regardless of the number of Rx branches)
· Alt.2 Bar 1-Rx RedCap UEs
· Alt.3 Bar 1-Rx RedCap UEs for NR 4-Rx bands, no barring of NR 2-Rx bands
The selection of among the 1-bit solutions can be dependent on the NR operating bands. For example, Alt.1 is used for NR 2-Rx bands while Alt.2 is used for NR 4-Rx bands. This is probably because the barring of 1 Rx RedCap UEs is needed only in NR 4-Rx bands.
So called 1-bit solutions have been considered so far. If more bits or code points are available for access control RedCap UEs, the network can enjoy more degree of freedom to control access of RedCap UEs depending on the number of Rx branches. As an example of 2-bit solutions, if 2 bits are available for access control of RedCap UEs, each of the code points of the 2 bits could map to one of the following states.
· No barring of RedCap UEs (both 1-Rx RedCap UE and 2-Rx RedCap UE are allowed)
· Bar 1-Rx RedCap UEs (only 2-Rx RedCap UE is allowed)
· Bar 1-Rx and 2-Rx RedCap UEs (both 1-Rx RedCap UE and 2-Rx RedCap UE are not allowed)
· Reserved
The selection between the 1-bit solutions and the 2-bit solutions could also be dependent on the NR operating bands. For example, 1-bit solution is used for NR 2-Rx bands, while the 2-bit solution is used for NR 4-Rx bands. This would be probably because access control of RedCap UEs based on the number of Rx branches is needed in NR 4-Rx bands more than it is needed in NR 2-Rx bands.
The system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not can be carried in the SIB1 that is shared by RedCap UEs and non-RedCap UEs. Or it is carried in the new SIB1 that is introduced (in addition to the SIB1 shared with non-RedCap UEs) to convey additional system information intended for RedCap UEs. Or it is carried in the new SIB1 that is introduced to convey all the SIB1 information needed for supporting cell RedCap UEs not requiring the acquisition of the SIB1 for non-RedCap UEs.
Assuming the number of bits required to indicate whether a RedCap UE can camp on the cell/frequency or not including the indication to be specific to the number of Rx branches of the UE is small, e.g., 1 or 2 bits, it can be indicated in the DCI scheduling the SIB1, i.e. the DCI format 1_0 with CRC scrambled by SI-RNTI. This has the benefit of additional power saving by not requiring to receive the PDSCH carrying the SIB1.
Proposal 3: The DCI format 1_0 with CRC scrambled by SI-RNTI explicitly or implicitly indicates the system information indication for a certain type of RedCap UEs (e.g. 1 RX UE)
Proposal 4: The system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not including indication to be specific to the number of Rx branches of the UE can be dependent on the NR operating bands.
4.	Other SI for 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. 
We think that considering minimum capability of REDCAP UEs would be lower than minimum capability of legacy UEs, if REDCAP UEs request SI delivery, we could improve transmission of other system information for better performance. For example, for on-demand transmission of other system information, search space could be differently configured for gNB to provide better performance to RedCap UEs, so that different aggregation levels could be configured for RedCap UEs and non-RedCap UEs.
In addition, RAN1 is currently discussing possibility of using a separate initial DL BWP for RedCap UEs. If this possibility is realized, gNB may transmit other system information to RedCap UEs via the separate initial DL BWP for RedCap UEs. 
Accordingly, RedCap UEs and non-RedCap UEs would be possibly provided different configurations to receive other system information.
Observation 3: REDCAP UEs may or may not receive legacy transmission of other system information e.g. at the boundary of a serving cell due to 1 RX. gNB may provide different configurations for transmissions of other SI for REDCAP UEs and non-REDCAP UEs. (e.g. AL or separate DL BWP)
Besides, gNB could possibly provide different system information configuration in other system information to RedCap UEs and non-RedCap UEs. 
Accordingly, it seems beneficial for gNB to know whether on-demand SI is requested by RedCap UEs and non-RedCap UEs. This could be of benefit to not only REDCAP UEs but also legacy UEs. 
Observation 4: It is beneficial for gNB to know whether on-demand SI is requested by RedCap UEs or non-RedCap 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 based on RedCap specific RACH resources. If the type of the UE requesting on-demand SI is a RedCap UE, gNB could properly transmit other system information possibly including RedCap specific configuration to RedCap UE.
Proposal 5: REDCAP specific RACH resources can be configured for gNB to transmit on-demand SI message.  
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 eMTC, MIB provides scheduling of SIB1-BR. However, it seems difficult for NR MIB to accommodate scheduling information of a new SIB1-R. 
Proposal 2: When CORESET0 is configured to be shared between RedCap UEs and non-RedCap UEs,, the DCI format 1_0 with CRC scrambled by SI-RNTI can be used to schedule both legacy SIB1 and new SIB1-R.
Proposal 3: The DCI format 1_0 with CRC scrambled by SI-RNTI explicitly or implicitly indicates the system information indication for a certain type of RedCap UEs (e.g. 1 RX UE)
Proposal 4: The system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not including indication to be specific to the number of Rx branches of the UE can be dependent on the NR operating bands.
Observation 3: REDCAP UEs may or may not receive legacy transmission of other system information e.g. at the boundary of a serving cell due to 1 RX. gNB may provide different configurations for transmissions of other SI for REDCAP UEs and non-RedCap UEs. (e.g. AL or separate DL BWP)
Observation 4: It is beneficial for gNB to know whether on-demand SI is requested by REDCAP UEs or normal UEs.
Proposal 5: REDCAP specific RACH resources can be configured for gNB to transmit on-demand SI message.  
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