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1. Introduction

In RAN #86 meeting¸ new study item on support of reduced capability NR devices[1] was approved. 

As a baseline, the requirements for these three use cases are:

Generic requirements:

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

Use case specific requirements: 

· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.

· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

The intention is to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above.

In this contribution, we discuss the coverage issues caused by the lower UE capability and some potential coverage recover schemes are also suggested.
2. Discussion

2.1. Target of coverage recovery

In the SI, one of the objectives is to identify and study potential UE complexity reduction features, including: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 
Some of these features may cause DL/UL coverage reduction. For example, if RX antenna number of the reduced capability (RedCap) NR UE is reduced to 2 or 1 for the purpose of reducing the UE complexity/cost, the receiver array gain is decreased and then the DL coverage will be reduced compared with that of legacy NR UEs. Coverage recovery schemes is used to compensate for the coverage reduction due to the above mentioned potential UE complexity reduction features.

One straightforward coverage recovery target is to compensate the coverage reduction per DL/UL channel. It means that the coverage recovery level only depends on the coverage reduction level caused by the actual UE complexity reduction features that are used for the channel.

Observation 1: For RedCap NR UEs, one straightforward coverage recovery target is to compensate the coverage reduction caused by reduced capability UE for each DL/UL channel.

In the following subsections another coverage recovery target is introduced and some high-level analysis are also given. 
In TR 37.910, self-evaluation results of 5G developed by 3GPP are presented. Based on the link budget results, it can be seen that the Maximum Couple Loss (MCL) of each NR UL/DL channel are different and the MCL are still different even for the same channel but with different scenarios (InH-eMBB/DU-eMBB/Rural-eMBB, slots configuration, LOS/NLOS, O-to-I or not). For example, in scenario of DU-eMBB (4GHz, NR DDDSU), the MCL for each NR channel is listed in Table 1.

Table 1: MCL for legacy NR  

	DU-eMBB (4GHz, NR DDDSU)

	
	DL
	UL

	
	NR PDSCH 
(NLOS)
	NR PDCCH 
(NLOS)
	NR PDSCH
(NLOS O-to-I)


	NR PDCCH 
(NLOS O-to-I)
	NR PUSCH 
(NLOS)
	NR PUCCH 
 (NLOS)
	NR PUSCH 
(NLOS O-to-I)
	NR PUCCH 
 (NLOS O-to-I)

	MCL for NR (dB)
	146.24 
	150.72 
	136.60 
	139.90 
	126.17 
	138.20 
	117.93 
	127.18 


From Table 1, it can be seen that, 

· For NLOS, the coverage limiting channel is NR PUSCH with MCL=126.17dB;

· For NLOS O-to-I, the coverage limiting channel is NR PUSCH with MCL=117.93dB;

· The MCL for DL channels (NR PDSCH and NR PDCCH) are much larger than that of the limiting channel
· The maximum coverage radius of NR deployment is restricted by the limiting channel.
For RedCap NR UE, if some complexity reduction features (such as reduced RX antenna number) are used for DL channels, the DL coverage radius will be reduced accordingly due to the decrease of receiver array gain. Assuming that RX antenna number is reduced from 4 to 1, the decrease of receiver array gain is around 6 dB. The MCL for DL channels for RedCap NR UE is listed in Table 2.

Table 2: MCL for legacy NR and RedCap NR UE 
	DU-eMBB (4GHz, NR DDDSU)

	
	DL
	UL

	
	NR PDSCH 
(NLOS)
	NR PDCCH 
(NLOS)
	NR PDSCH
(NLOS O-to-I)


	NR PDCCH 
(NLOS O-to-I)
	NR PUSCH 
(NLOS)
	NR PUCCH 
 (NLOS)
	NR PUSCH 
(NLOS O-to-I)
	NR PUCCH 
 (NLOS O-to-I)

	MCL for NR (dB)
	146.24 
	150.72 
	136.60 
	139.90 
	126.17 
	138.20 
	117.93 
	127.18 

	MCL for RedCap NR (dB)
	146.24-6=140.24 
	150.72-6=144.72 
	136.60-6=130.60 
	139.90-6=133.90 
	
	
	
	


From Table 2, it can be seen that the limiting channel for RedCap NR UE is still PUSCH. It means that even if no coverage recovery scheme is designed for DL channels, the maximum coverage radius for RedCap NR UE is still restricted by PUSCH. In other words, the overall coverage for RedCap NR UE will not be reduced compared with that for legacy NR.

Therefore, for this coverage recovery target it does not need to compensate the coverage reduction for each DL/UL channel. If MCL of the limiting channel for RedCap NR UE is not less than that for legacy NR, the coverage recovery target for RedCap NR UE is not necessary; otherwise, some solutions should be introduced to compensate the coverage reduction for the DL/UL channel which MCL is less than that for limiting channel of the legacy NR system. The compensation target is to achieve the same MCL as NR for the limiting channel.
Observation 2: For RedCap NR UE, another coverage recover target is to compensate the coverage reduction for the DL/UL channel which MCL is less than that for limiting channel of the legacy NR system. 

· The compensation target is to achieve the same MCL as NR for the limiting channel.
Proposal 1: RAN1 choose between the following two targets of coverage recovery

· Recover coverage loss due to complexity reduction for each channel

· Recovery target is to achieve same MCL for the limiting channel of legacy NR and RedCap NR UE

2.2. Evaluation method for performance of coverage recover schemes

For RedCap NR UE, in order to identify which channel(s) needs coverage recovery and facilitate to evaluate the performance of the proposed coverage recovery schemes, a baseline of simulation assumption/parameters should be discussed simultaneously with the discussion of detailed coverage recovery schemes.

The coverage reduction caused by the complexity reduction of RedCap UE can be quantified in unit of dB according to link level simulation or theoretical analysis, and then a link budget can be used to evaluate whether DL/UL channel(s) of RedCap UE with complexity reduction should do coverage recovery.
In this section, simulation assumption/parameters for a baseline of link budget are introduced in Table 3.
Table 3 Link budget parameters for FR1
	Parameter
	value

	System configuration
	

	Carrier frequency (GHz)
	4

	Channel bandwidth (MHz)
	20, [40]

	BLER
	1% for Control channel

10% for Data channel

	UE speed (km/h)
	Indoor scenario: 3

Urban scenario: 30
Rural scenario: 120

	Feeder loss (dB)
	3

	gNB configuration
	

	Total transmit power(dBm)
	44 for 20MHz, [47 for 40MHz]

	Number of transmit antenna
	64

	Transmitter antenna gain (dBi)
	8

	Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	19.82

	Number of receiver antenna
	64

	Receiver antenna gain (dBi)
	8

	Receiver array gain (depends on Receiver array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	19.82

	Cable, connector, combiner, body losses, etc. (enumerate sources) (dB)
	3

	Receiver noise figure (dB)
	5

	Thermal noise density (dBm/Hz)
	-174

	UE configuration
	

	Total transmit power(dBm)
	23

	Number of Tx antennas
	1

	Transmitter antenna gain (dBi)
	0

	Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0

	Number of Receiver antennas
	1

	Receiver antenna gain (dBi)
	0

	Receiver array gain (depends on Receiver array configurations and technologies such as adaptive beam forming, etc.) (dB)
	0

	Cable, connector, combiner, body losses, etc. (enumerate sources) (dB)
	1

	Receiver noise figure (dB)
	7

	Thermal noise density (dBm/Hz)
	-174

	Other configuration
	

	Shadow fading margin(dB) 
	TBD

	Penetration margin (dB)
	9

	Other gains (dB) (if any please specify)
	TBD


Proposal 2: For FR1, adopt the link budget parameters listed in Table 3 as a baseline for RedCap UE coverage recovery evaluation.

3. Conclusions

In this contribution, we have the following observations and proposals.

Observation 1: For RedCap NR UEs, one straightforward coverage recovery target is to compensate the coverage reduction caused by reduced capability UE for each DL/UL channel.

Observation 2: For RedCap NR UE, another coverage recover target is to compensate the coverage reduction for the DL/UL channel which MCL is less than that for limiting channel of the legacy NR system. 

· The compensation target is to achieve the same MCL as NR for the limiting channel.
Proposal 1: RAN1 choose between the following two targets for coverage recovery

· Recover coverage loss due to complexity reduction for each channel

· Recovery target is to achieve same MCL for the limiting channel of legacy NR and RedCap NR UE

Proposal 2: For FR1, adopt the link budget parameters listed in Table 3 as a baseline for RedCap UE coverage recovery evaluation.
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