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Introduction
The RAN1 study for R17 RedCap devices was completed in Q4 2020, and a new WID [2] was approved in RAN-90e meeting.
In this contribution, we share our views on the design framework and principles for NR Rel-17 RedCap devices, including:
· Deployment scenarios and requirements 
· Consideration for the device types
· Co-existence considerations 
· FR2 specific coexistence considerations
Deployment Scenarios and Use-Case Specific Requirements
Three main use cases, connected industries, smart city innovations, and wearables are considered for R17 RedCap WI. Tables 1-2 summarized the generic and use case specific requirements for R17 RedCap devices.
Table 1: Generic Requirements for R17 RedCap Devices
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Table 2. Use Case Specific Requirements for R17 RedCap Devices
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[bookmark: Ob1]Observation 1: Most use cases for RedCap devices require a compact form factor, which limits the number of TX/RX antennas as well as the size of antennas.
Consideration for NR RedCap Device Type 
A main motivation for introducing the new RedCap device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of R15/R16.  
[bookmark: _Hlk26857702]In RAN2 #111-e meeting, the following agreements were made [3]:
	The number of device types should be minimized, 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.
Whether reduction of upper layer capabilities should be considered is FFS (in any case no email discussion until the next meeting on this).
Whether and how it can be ensured RedCap UEs are used only for intended use cases. This may require coordination with other WGs (e.g. RAN3 / SA / CT).



In RAN2 #112-e meeting, the following agreements were made [3]:
	RedCap UE capabilities can be categorized as:
· Min capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) if identified; 
· FFS on whether some features are mandatory with signaling for RedCap UE, i.e. IOT bit;
· (Note: RedCap UEs might have the same set of higher layer capabilities, however this is FFS in RAN2)  
· Optional capabilities (signalled explicitly)



Based on the outcome of RAN1 study [1] as well as the agreements of RAN2, we have the following observations and proposals for the NR RedCap device type:
[bookmark: Ob2]Observation 2: Defining a single RedCap UE type continues the model by which NR has been following, and it offers much more flexibility in supporting future market needs.

[bookmark: Ob3]Observation 3: Defining more than one RedCap UE types would require 3GPP to play the role of product management to identify different product segments, which is outside the scope of 3GPP.

[bookmark: PR1][bookmark: p1]Proposal 1: In FR1, it is beneficial to support 1 RX UE and 2 RX UE for R17 RedCap devices. Specifically, 1 RX should be supported as the minimum number of RX branches. 2 RX should be supported as an optional UE feature. 

[bookmark: PR2]Proposal 2: A single RedCap UE type (per FR) is preferred for R17 RedCap devices.
Co-existence Considerations
[bookmark: _Hlk23927392]With the introduction of NR RedCap UEs, it is important to consider their coexistence with R15/R16 high-end eMBB and URLLC devices.  To this end, it would be desirable for RedCap UE to reuse the waveform, numerologies, channel coding, physical signals and control/data channel structure of NR R15/16.
NR R17 RedCap devices should re-use the PHY channels of NR R15/R16 during initial access. As a result, the signaling overhead to support co-existence of different UE types/capabilities is minimized. Early indication of RedCap UE is desirable during initial access, especially when the initial BWP of non-RedCap UE is wider than the max UE BW of RedCap UE.
On the other hand, network can indicate its support for RedCap UE by leveraging the spare bit(s) in MIB/SIB1.
By re-using the UE capability transfer mechanism of NR R15, a RedCap device can submit the UECapabilityInformation to gNB, based on the UECapabilityEnquiry issued by the network. Upon receiving the reports of UE  capability, the scheduler at gNB is able to multiplex the RedCap UE with NR R15/16 UE on shared radio resources, or allocate dedicated resources for RedCap UE. Therefore, the co-existence of different UE capabilities can be ensured and simplified after RRC connection is established.
[bookmark: p2][bookmark: PR3]Proposal 3: Support the co-existence of RedCap and non-RedCap devices and minimize the L1 impacts at least by:
· re-using the waveform, numerologies, channel coding, MCS/CQI tables, physical signals and control/data channel structure of NR R15
· re-using UE processing Cap#1 and CSI computation time of NR R15 
· re-using the UE capability transfer mechanism of NR R15 after RRC connection
· supporting early indication of RedCap UE during initial access

[bookmark: PR4]Proposal 4: FFS inter-UE multiplexing between RedCap and Non-RedCap UE during and after initial access
FR2-Specific Coexistence Considerations
Beam Management
Stationary devices within a gNB coverage may cause several issues:
· The distribution of the UEs within a gNB coverage may be such that certain beams have much more UEs than other beams leading to overloading of these beams
· More persistent interference for UEs within a beam and across beams
For efficient beam utilization and interference management, gNB may be able to control the distribution of UEs among the beams by dynamic signaling, however:
· Dynamic signaling may cause additional overhead 
· If we have persistent interference (especially on UL), NW control may not be sufficient or efficient
Beam overloading may affect RedCap UEs as well as non-RedCap UEs.
                         [image: ]           [image: ]

One more aspect is beam direction blockage. In some systems, especially in reduced capability NR devices, there may be large number of UEs that are using preconfigured resources. Thus, it may reduce the flexibility of the network to accommodate/multiplex other UEs (e.g., eMBB users) at these preoccupied/preconfigured resources (e.g., CORESETs/search space sets, SPS, CG).
The network may choose to FDM or use MU-MIMO to multiplex these UEs. However, this may not always be possible especially if the 2 UEs are using gNB Tx or Rx beams pointing in different directions. 
[bookmark: p7]Proposal 5: For FR2, consider more efficient ways to:
· reduce beam overloading and interference for stationary or slow moving UEs (e.g., by reducing the need for dynamic TCI state updates);
· reduce beam direction blockage to accommodate other UEs in times when beams are preconfigured for RedCap UEs.
RedCap Resource Usage
Generally, the number of RedCap UEs in the system may be large, thus consuming many resources. Hence, it may be desirable to have a lean design for RedCap as much as possible to reduce the resource impact. It also may be desirable to reuse the resources for non-RedCap UEs as much as possible. A lean design for UL and DL is also very beneficial to reduce the resource overhead that is caused by RedCap UEs on non-RedCap UEs. Examples include:
· Ways to reduce signaling overhead by pre-configurations for certain message types
· Event-based UL messages (e.g., L1 measurement reports)
· Reducing unused pre-configured resources like SPS and UL-CG
· Reducing the overhead for RS used for beam management
[bookmark: p8]Proposal 6: For FR2, consider ways to reduce the UL and DL resources utilizations for RedCap devices by:
· utilizing a leaner RedCap design, e.g.:
· Ways to reduce signaling overhead by pre-configurations for certain message types
· Event-based UL messages (e.g., L1 measurement reports)
· Reducing unused pre-configured resources like SPS and UL-CG
· Reducing the overhead for RS used for beam management
· re-using as much as possible resources used by the non-RedCap UE

PRACH Overloading and Congestion
In certain cases, many RedCap or IOT devices may be connected to the same cell or beam and many of them need to access the network (using RACH) at the same time causing RACH overloading and congestion. This can be particularly true for stationary devices. These beams may be congested at only certain times or during certain events, examples:
· Many bicycles parked in the same location and are unlocked at almost the same time (during rush hour)
· Co-located cameras or industrial sensors scheduled to upload data to the network at a specific time
In these cases, due to the large number of RedCap UEs, eMBB (or even RedCap UEs) may not have enough PRACH resources causing temporary congestion and collisions and causing delays to network access.
In case of congestion/collision, NR defines a backoff indicator (BI) mechanism sent on RAR message, and the BI is:
· Time based  the whole beam may be overloaded, so this may not help
· Is reactive, i.e., after the collision happens  we may need a proactive method if the congestion patter is known for example
Hence, to avoid such network access delays caused by PRACH congestions and overloading, we may need to consider ways to more proactively prevent such collisions to help mitigate unnecessary UE power and delays.
[bookmark: p9]Proposal 7: For FR2, consider additional ways to mitigate PRACH collisions and resource overloading to improve UE power efficiency and latency.

Conclusions
Based on the discussions above, we have the following observations and proposals: 
Observation 1: Most use cases for RedCap devices require a compact form factor, which limits the number of TX/RX antennas as well as the size of antennas.

Observation 2: Defining a single RedCap UE type continues the model by which NR has been following, and it offers much more flexibility in supporting future market needs

Observation 3: Defining more than one RedCap UE types would require 3GPP to play the role of product management to identify different product segments, which is outside the scope of 3GPP.

 
Proposal 1: In FR1, it is beneficial to support 1 RX UE and 2 RX UE for R17 RedCap devices. Specifically, 1 RX should be supported as the minimum number of RX branches. 2 RX should be supported as an optional UE feature. 

Proposal 2: A single RedCap UE type (per FR) is preferred for R17 RedCap devices.

Proposal 3: Support the co-existence of RedCap and non-RedCap devices and minimize the L1 impacts at least by:
· re-using the waveform, numerologies, channel coding, MCS/CQI tables, physical signals and control/data channel structure of NR R15
· re-using UE processing Cap#1 and CSI computation time of NR R15 
· re-using the UE capability transfer mechanism of NR R15 after RRC connection
· supporting early indication of RedCap UE during initial access
Proposal 4: FFS inter-UE multiplexing between RedCap and Non-RedCap UE during and after initial access

Proposal 5: For FR2, consider a separate cell search and initial access design for RedCap devices to balance early discovery of RedCap systems (UE power and acquisition time), resource overhead, and network flexibility. 
· Separation may be from SSB, CORESET0, RMSI, or RACH
· Consider techniques to reduce the resource duplications due to such separation 
Proposal 6: For FR2, consider more efficient ways to:
· reduce beam overloading and interference for stationary or slow moving UEs (e.g., by reducing the need for dynamic TCI state updates);
· reduce beam direction blockage to accommodate other UEs in times when beams are preconfigured for RedCap UEs.
Proposal 7: For FR2, consider ways to reduce the UL and DL resources utilizations for RedCap devices by:
· utilizing a leaner RedCap design, e.g.:
· Ways to reduce signaling overhead by:
· Bundling message
· Pre-configurations for certain message types
· Piggy-backing control messages on already used messages 
· Event-based UL messages (e.g., L1 measurement reports)
· Dynamically configuring control resources
· UE requested (on-demand) control resources
· Reducing unused pre-configured resources like SPS and UL-CG
· Reducing the overhead for RS used for beam management
· re-using as much as possible resources used by the non-RedCap UE

Proposal 8: For FR2, consider additional ways to mitigate PRACH collisions and resource overloading to improve UE power efficiency and latency.
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