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Introduction
This paper provides our views on framework and principles for reduced capability for the following issues.
· UE type
· Device identification
· DL BWP for Idle/Inactive modes
Detailed proposals are described in the following sections. This contribution is a revision of R1-2006287.

UE type
In the RAN 88-e meeting, the SID [2] description for wearable use case is revised as follows:
	Use case specific requirements: 
[…]
· 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).



According to the description, not all the RedCap UEs are mandated to support the same peak data rate. Table 1 lists the data rate requirement for different RedCap use cases, and it is observed that the date rate requirements are diverse for different use cases. So at least high-end and low-end RedCap UE should be studied in FR1 and it is in the scope of the SID. High-end RedCap UE provides high data rate and low-end RedCap UE provides low data rate. 
Table 1: RedCap use cases and rate requirements
	Use cases
	reference bit rate 
	peak bit rate

	Industrial sensors
	<2Mbps (UL heavy)
	N/A

	Video Surveillance
	2-4 Mbps for economic video; 7.5-25 Mbps for High-end video
	N/A

	Wearable
	5-50 Mbps in DL and 2-5 Mbps in UL 
	Up to 150 Mbps for DL and up to 50 Mbps for UL



Based on the evaluation results of our companion contribution [1], there will be a considerable cost difference between high-end RedCap UE and low-end RedCap UE. In our view, with the experience of different market demand on LTE Cat 4 and Cat 1bit, the cost reduction is also a promising factor as well as the market fragmentation. 
It is common understanding that the high-end RedCap UE and the low-end RedCap UE can send their capability to network without defining Categories in NR like that done in LTE. 
However, the low-end RedCap UE may be implemented with just 1 RX antenna, and the coverage in initial access stage may not be guaranteed, e.g. reception of broadcast PDCCH/PDSCH. Therefore, how to let the low-end RedCap UE efficiently work at least in initial access should be considered. Furthermore, it is common understanding that small data transmission (e.g. in RACH) is a typical transmission method for RedCap UE, e.g. smart watch, and thus efficiently supporting RedCap UE in idle mode is highly desired.

Proposal 1: The low-end RedCap UE which is implemented with 1 RX antenna should be studied as least.
Proposal 2: How to let the low-end RedCap UE efficiently work at least in initial access should be considered.

Device identification
In RAN1#102 E-meeting, there were many discussions on identification of RedCap UEs and reached the following agreement: 
	Agreement：
· Further study the options for identification of RedCap UEs, including the following indication methods:
· Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Opt. 2: During Msg3 transmission. 
· Opt. 3: Post Msg4 acknowledgment. 
· E.g., during Msg5 transmission or part of UE capability reporting.
· Opt. 4: During MsgA transmission (subject to support of if 2-step RACH)
· Other options are not precluded.
· Note: This study intends to establish feasibility of, and pros and cons for the identified options from RAN1 perspective, without any intention of down-selection without guidance from RAN2.



In this part, we list the pros and cons for Opt.1-3.
· Opt.1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· pros:
· The bandwidth of the uplink initial BWP for normal UE can be configured by SIB1 flexibly and the maximum bandwidth can be 100MHz in FR1. Normal UE can benefit from scheduling flexibility, Msg3 frequency hopping as well as transmission capacity with a larger initial UL BWP. 
· The coverage enhancement for Msg2/4 can be put to great use for RedCap UEs.
· cons:
· Separate BWP/RACH resources or PRACH preamble partitioning are required.
· Opt. 2: During Msg3 transmission. 
· pros:
· Separate BWP/RACH resources or PRACH preamble partitioning are not needed.
· The coverage enhancement for Msg4 can be put to great use for RedCap UEs.
· cons:
· The coverage enhancement for Msg2 cannot be used for RedCap UEs.
· The bandwidth of the uplink initial BWP of normal UEs should be limited to the maximum bandwidth of RedCap UEs unless some solutions are adopted.
· How to indicate the RedCap UE needs further study.
· Opt. 3: Post Msg4 acknowledgment. E.g., during Msg5 transmission or part of UE capability reporting.
· pros:
· Separate BWP/RACH resources or PRACH preamble partitioning are not needed.
· cons:
· The coverage enhancement cannot be used for RedCap UEs before the network knows the UE is a RedCap UE.
· The bandwidth of the uplink initial BWP of normal UEs should be limited to the maximum bandwidth of RedCap UEs unless some solutions are adopted.
In our opinion, network may need to know the UE capability earlier. For example, if network does not know the bandwidth capability of a RedCap UE, network may schedule Msg3/5 in a larger bandwidth which will cause a reception failure at RedCap UEs or put a constraint on the configuration of the uplink initial BWP of normal UEs. 
If opt. 1 is not accepted at the end, the solutions should be studied on how to free the configuration of the uplink initial BWP of normal UEs from the limitation of the maximum bandwidth of RedCap UEs.
Proposal 3: Study the early indication of RedCap UE capability or the solutions that can free the configuration of the uplink initial BWP of normal UEs from the limitation of the maximum bandwidth of RedCap UEs.

DL BWP for Idle/Inactive modes
RAN1#102 E-meeting discussed a proposal on DL BWP for Idle/Inactive mode as follows: 
	Proposal：
· Potential studies on the need for supporting use of a DL BWP, that may be different from initial DL BWP defined by the SSB and CORESET 0, for SIB and/or other common control (RAR, paging) transmissions to RedCap UEs including those in Idle/Inactive modes. 


In our opinion, we should study the topic. Firstly, efficiently supporting RedCap UE with 1 RX antenna may need the enhancement of broadcast PDCCH/PDSCH, which may be differentiated from the legacy broadcast PDCCH/PDSCH. Secondly, paging capacity may be limited as the number of RedCap UEs in the network grows. 
On the other hand, the DL BWP of RedCap UEs may be limited to 20MHz and the DL BWP of normal UEs can be up to 100MHz in FR1. Assuming the DL BWP of RedCap UEs is part of the DL BWP of normal UEs, whether and how the other 80MHz DL bandwidth to be used for RedCap UEs should be discussed as well.
Proposal 4: Study supporting use of a DL BWP, which may be different from initial DL BWP defined by the SSB and CORESET 0.
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Based on the analyses and discussions, we have the following proposals:
Proposal 1: The low-end RedCap UE which is implemented with 1 RX antenna should be studied as least.
[bookmark: _GoBack]Proposal 2: How to let the low-end RedCap UE efficiently work at least in initial access should be considered.
Proposal 3: Study the early indication of RedCap UE capability or the solutions that can free the configuration of the uplink initial BWP of normal UEs from the limitation of the maximum bandwidth of RedCap UEs.
Proposal 4: Study supporting use of a DL BWP, which may be different from initial DL BWP defined by the SSB and CORESET 0.
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