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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, a new study item named “Reduced capability NR devices” was agreed. As described in the revised SID [1], the intention is to study a UE feature and parameter list with lower end capabilities, relative to Rel.16 eMBB and URLLC, to serve the use cases of industrial wireless sensors, video surveillances and wearables. Two objectives to study, among others, are as below:
· 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.
· 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.
Based on the SID, we give our views on the framework and principles for RedCap in this contribution. 
Discussion
Based on the updated SID in RAN#89e, the requirements for RedCap use cases are summarized in Table 1. The device type(s) for RedCap UEs, if introduced, shall be based on the requirements for each use case, especially based on the reference bit rate and the peak data rate. 
Table 1 RedCap use case requirements
	Use cases
	Reference bit rate
	Latency
	Reliability
	Battery life

	Industrial wireless sensors 
	<2Mbps
	<100ms;
5-10ms for safety related sensors.
	99.99%
	At least few years. 

	Video surveillance
	2-4Mbps for economic video;
7.5-25Mbps for high-end video
	<500ms
	99%-99.9%
	NA

	Wearables
	5-50Mbps in DL, 2-5Mbps in UL.
peak data rate <=150Mbps in DL, <=50Mbps in UL.
	NA
	NA
	<= 1-2 weeks



Device types for RedCap 
There are several motivations of defining device type(s) for RedCap UEs. Firstly, lower signaling overhead could be achieved for UE capability reporting. Secondly, it facilities the network identifying the RedCap UEs early, such that the network could control RedCap UEs accessing the network, or adjusting scheduling strategy for RedCap UEs so as to reduce the impacts to the legacy UEs during initial access procedure. Last, defining limited set device types could help avoid market fragmentation from commercial point of view, which is relevant for low cost UEs.  
The UE capabilities included in a device type might be e.g., max. UE bandwidth, max. data rate, max. buffer size, etc. Regarding the RedCap UE bandwidth, it was agreed in RAN1#102e that,
· For FR1, The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 
Then we may check if 20MHz UE BW is enough to meet the data rate requirements for RedCap UEs through maximum data rate calculation using following equation [2],  


The peak data rate for 20MHz UE BW in FR1 is calculated and listed in Table 1 with following assumptions, 
· , only one carrier is assumed for RedCap UEs.
· , the MIMO layers.
· , the modulation order, 6 for 64QAM and 8 for 256QAM
· , the maximum code rate supported in NR. 
· , 106RBs for 20MHz BW with 15kHz SCS.
·  , the average OFDM symbol duration.
·  , for 15kHz SCS. 
· OH = 0.14 for DL and 0.10 for UL.
The rough DL peak data rate with 20MHz UE BW for different MIMO layers and modulation orders is calculated and listed in Table 1.
Table 1 Peak data rate for 20MHz BW in FR1
	MIMO layer
	Modulation order 
	Peak data rate for DL (Mbps)
	Peak data rate for UL (Mbps)

	1
	16QAM
	56
	60

	1
	64QAM
	85
	91

	1
	256QAM
	113
	121

	2
	16QAM
	113
	121

	2
	64QAM
	170
	182

	2
	256QAM
	226
	242


From Table 1, it is observed that,
· For DL
· The data rates enabled by (20MHz, 256QAM, 2 MIMO layers) could well fulfill the data rate requirement for all RedCap use cases.
· The data rates enabled by (20MHz, 64QAM, 1 MIMO layer) could well fulfill the data rate requirement for most RedCap use cases, except for high-end wearables.
· For UL 
· The data rate with (20MHz, 16QAM, 1 MIMO layer) could well fulfill the data rate requirement for all RedCap use cases.
Based on the observation, 20MHz UE bandwidth is sufficient to meet the data rate requirements of all RedCap use cases. Therefore, there is no strong motivation to define a device type with higher bandwidth. On the other hand, the UEs supporting higher bandwidth could report the capability through additional signaling. 
For the number of device types for RedCap, the factors from both technically and commercially shall be considered. As was agreed in RAN2#111e, 
The number of device types should be minimised, to reduce market fragmentation, and introduced only where essential to control UE accesses and differentiate them from legacy R15/R16 and non-Redcap R17 UEs, (e.g. number of Tx/Rx antennas, maximum supportable BW, etc.). The exact composition of the set of L1 capabilities of the device type can be discussed by RAN1.  
Then one option is to define single device type, which includes a set of baseline or mandatory capabilities that all the RedCap UEs need to support. The other option is to define two device types, one for low-end devices and one for high-end. Both options would be based 20MHz maximum UE BW, and the differentiation is mainly from e.g., the maximum modulation order and/or the maximum MIMO layers (related with no. of Rx) that the UE can support. 
We have the following observation and proposal,  
Observation 1: For FR1, 20MHz UE bandwidth could well meet the data rate requirements of RedCap use cases.  
Proposal 1: Define one or two device types with 20MHz maximum UE bandwidth for FR1. 
For FR2, it was agreed to study both 50MHz and 100MHz maximum UE bandwidth. Then we may check if 50MHz BW is enough to meet the data rate requirements. Table 2 provides a summary for the peak data rate that 50MHz UE BW could provide. 
Table 2 Peak data rate for 50MHz BW in FR2
	MIMO layer
	Modulation order 
	Peak data rate for DL (Mbps)
	Peak data rate for UL (Mbps)

	1
	16QAM
	133
	147

	1
	64QAM
	200
	220

	1
	256QAM
	267
	294


From Table 2, it is observed that,
· For DL
· The data rates enabled by (50MHz, 64QAM, 1 MIMO layer) could well fulfill the data rate requirement for all RedCap use cases.
· For UL
· The data rates enabled by (50MHz, 16QAM, 1 MIMO layer) could well fulfill the data rate requirement for all RedCap use cases.
From the observation, 50MHz UE bandwidth is sufficient to meet the data rate requirements of all RedCap use cases, even with 1 MIMO layer. Therefore, it seems no need to consider 100MHz UE BW from also cost saving purpose. On the other hand, the UEs supporting higher bandwidth could report the capability through additional signaling.
We have the following observation and proposal,  
Observation 2: For FR2, 50MHz UE bandwidth could well meet the data rate requirements of RedCap use cases.  
Proposal 2: Define one device type with 50MHz maximum UE bandwidth for FR2. 
UE access and identification
For the UE identification, it was agreed in RAN1#102e that 
· 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.
[bookmark: _GoBack]For opt.1, the separate initial UL BWP for RedCap UEs could be configured in legacy SIB1. The other option is that it is configured through separate SIB1 for RedCap UEs. The separated SIB1 could be configured through e.g., separate MIB/SSB. 
Depending on different design, the network could control the accessing in different stages,
· If separate SSB is introduced for RedCap UEs, the gNB could control the access of RedCap UEs through the indication of Cellbarred in MIB, similar with the legacy scheme.
· If separate SSB is not introduced for RedCap UEs, the gNB could control the UE access through an indication of Cellbarred in the legacy broadcast signaling. 
· The gNB could control the access of RedCap UEs during random access procedure if the device type is identifiable in Msg1/Msg3/MsgA.  The gNB could apply scheduling restrictions on Msg3/Msg4 for RedCap UEs [3], and support Msg2/MsgB/Msg3/Msg4 repetition if necessary. 
Figure 1 illustrates the different stages of access control during initial access. 
[image: ]
Figure 1 UE access control in different stages during initial access
We have following observation and proposals, 
Observation 3: The gNB could control the access of RedCap UEs in different stages during initial access, depending on different design. 
Proposal 3: Study the feasibility of UE access control during initial access, through
· Cellbarred in dedicated SSB
· Cellbarred introduced in SIB1
· RACH procedure
Proposal 4: Study UE type identification through either Msg1/MsgA, or Msg3. 

Conclusions
As a summary, we have the following observations and proposals on the framework and principles for RedCap devidces,
Observation 1: For FR1, 20MHz UE bandwidth could well meet the data rate requirements of RedCap use cases.  
Observation 2: For FR2, 50MHz UE bandwidth could well meet the data rate requirements of RedCap use cases.  
Observation 3: The gNB could control the access of RedCap UEs in different stages during initial access, depending on different design. 
Proposal 1: Define one or two device types with 20MHz maximum UE bandwidth for FR1. 
Proposal 2: Define one device type with 50MHz maximum UE bandwidth for FR2. 
Proposal 3: Study the feasibility of UE access control during initial access, through
· Cellbarred in dedicated SSB
· Cellbarred introduced in SIB1
· RACH procedure
Proposal 4: Study UE type identification through either Msg1/MsgA or Msg3. 
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