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Introduction
In RAN#86 meeting Spain, RP-193238 is approved as a new SID [1] in the release 17 package, further in RAN#88e, several clarifications are updated in RP-201386. 
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].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87 or later.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity
In addition, in last RAN1 meeting, framework of Redcap devices had been proposed by a couple of companies, such as UE types and capabilities but not discussed, so it is still not clear on several principles. In this contribution, we have some views and proposals on framework of the study for the Reduced Capability NR Devices (REDCAP) in release 17.

Standard framework
2-1 On RedCap UE types and capabilities
3 typical use cases are identified in the Redcap SI. For these use cases, the reference bit rate and the peak data rate is quite different as shown in Table.1 .  For example, reference bitrate for smart wearable application can be 5-50 Mbps in DL and minimum 2-5 Mbps in UL， while the reference bit rate is less than 2 Mbps for industrial sensors. Considering the diverse requirement on the data rate, enabling all the Redcap UEs to support the same peak data rate is not cost and power efficient. It is better to compress the cost and power consumption as much as possible on the base fulfilling the requirement. In addition, considering on the mobility and power consumption, different requirements may be defined. Accordingly, more than one UE types (may be other name) need be discussed and defined.
	Use cases
	Reference bitrate
	Peak bitrate

	Wearables
	5-50/2-5 Mbps（DL/UL）
	Up to 150/ up to 50 Mbps（DL/UL）

	Video Surveillance
	2-4 Mbps
	~/7.5-25 Mbps

	Industrial wireless sensors
	2 Mbps
	2 Mbps


                                     
Besides the data rate, the number of UE Rx antennas depends on either the device size (for wearables) or the coverage requirement(for surveillance), so different UE types should be defined accordingly. 
Generally more than one device types should be considered so as to provide different data rate support. For example, low-end device type and high-end device type can be defined. High-end devices could provide up to 150Mbps data rate in DL and up to 50Mbps data rate in the UL and low-end devices could support the data rate of  up to [10] Mbps in DL and up to [5]Mbps in UL. 
Proposal 1: More than one Redcap device types providing different peak data rate should be supported to adapt different use cases
Since the provided data rate highly depends on the bandwidth, MIMO layer. So, the following table lists possible combinations for these 3 capabilities and calculate the corresponding peak data rate for analysis. In our companion contribution [2], we provide more detailed analysis. Generally, from the discussion in previous RAN1 meeting, both 1Rx/1Tx and 2Rx/1Tx need further study, however, from the form factor point of view for wearable, 1Rx/1Tx should always be an option at least for FR1. On the other hand, if we consider the peak rate difference between low-end and high-end RedCap devices, then the bandwidth may be different according to the number of Rx antenna respectively, for example 40MHz with 1Rx and 20MHz with 2Rx, as listed below.
	Types
	Rx
	Tx
	bandwidth
	Peak data rate

	Low end
	L1
	1
	1
	20MHz 
	~80 Mbps

	High end
	H1
	2
	1
	20MHz
	~160 Mbps

	
	H2
	1
	1
	40MHz
	~160 Mbps


Possible RedCap UE types

From the above analysis, at least L1 and H2 should be supported for low-end and high-end NR smart watch, due to the limited form factor and relative data rate requirement. However, devices other than the smart watch may prefer the H1 instead. In addition, processing reduction, modulation and other capabilities may vary according to the use cases, if features other than number of antenna and bandwidth is different between RedCap devices, it leads to more device types than expected, and it could bring market fractions which should be avoided as much as possible.
Since in the updated SID [1] it is clear that at least 20MHz bandwidth should be promised, then from the initial UE capability point of view, there could be one baseline assumption on RedCap UE capabilities. Basically, 1Rx/1Tx with 20MHz bandwidth (L1 in the above column) could be assumed for the initial access. UE capability beyond the baseline could be reported in the related RRC procedure to the network later.
[bookmark: _GoBack]Proposal 2 : 1Rx/1Tx and 20MHz bandwidth should be assumed as the basic RedCap device type
However, to support the DL peak data rate of RedCap, the number of Rx could be coupled with the bandwidth in the UE type definition, so type H1 and L2 could be considered.
Proposal 3: Further study the following two options for the high-end device type 
· Option 1: 40MHz and 1 Rx
· Option 2: 20MHz and 2Rx

2-2 Network configuration and indication of Redcap
As discussed in the above chapter, for some bands, the antenna reduction from 4Rx to 1Rx will cause obvious coverage gap, initial access related channel may need some enhancement, which depends on the further evaluation and discussion. If some coverage recovery could be introduced in the initial access procedure for RedCap UE, then the network needs to know the RedCap in advance by either preconfigured or specific RMSI configuration. For example, network can configure separated RACH resources for RedCap and eMBB UEs in the initial BWP configuration by which UE could let network know which kind of UE it belongs to.
Proposal 4: Early identification of RedCap capability by RACH procedure can be considered. 

Relation to other R17 items
As discussed in the RAN plenary meeting, the RedCap SI has some overlap with CE item, however, it is clear that RedCap specific coverage and power saving issues should be discussed and solved in RedCap item. For example, coverage recovery for the 3dB antenna efficiency loss due to limited form factor should be discussed here, even it is for the uplink coverage.
Proposal 5: RedCap specific coverage recovery enhancement should be discussed in the RedCap SID.
Beyond what is discussed in the power saving item, the extra issue if there is any, needs be further identified during the study stage and can be addressed in the WI later.

Conclusion
In this contribution, we discuss some aspects of the standard frame work for RedCap, based on the above discussion, we have the following proposals:
Proposal 1: More than one Redcap device types providing different peak data rate should be supported to adapt different use cases
Proposal 2: 1Rx/1Tx and 20MHz bandwidth should be assumed as the basic RedCap device type.
Proposal 3: Further study the following two options for the high-end device type 
· Option 1: 40MHz and 1 Rx
· Option 2: 20MHz and 2Rx
Proposal 4: Early identification of RedCap capability by RACH procedure can be considered. 
Proposal 5: RedCap specific coverage recovery enhancement should be discussed in the RedCap SID.
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