[bookmark: _GoBack]3GPP TSG RAN WG1 #102-e			R1-2006735
e-Meeting, August 17th – 28th, 2020

Source:	NTT DOCOMO, INC.
Title:	Discussion on coverage recovery for RedCap
[bookmark: Source]Agenda Item:	8.6.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At RAN#88e meeting, revised SID on support of reduced capability NR devices was approved with the objective as follows [1]:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· 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 
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency
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



At RAN1#101-e meeting, following agreements related to UE complexity reduction and coverage recovery were made [2]:
	Agreements:
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
Agreements:
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
Agreements:
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
Agreements:
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.
Agreements:
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.
Agreements:
The reference NR device for evaluation of cost/complexity reduction supports the following:
· All mandatory Rel-15 features (with or without capability signaling)
· Single RAT
· Operation in a single band at a time
· Maximum bandwidth: 
· For FR1: 100 MHz for DL and UL
· For FR2: 200 MHz for DL and UL
· Antennas: 
· For FR1 FDD: 2Rx/1Tx
· For FR1 TDD: 4Rx/1Tx
· For FR2: 2Rx/1Tx
· Power class: PC3
· Processing time: Capability 1
· Modulation: 
· For FR1: support 256QAM for DL and 64QAM for UL
· For FR2: support 64QAM for DL and 64QAM for UL
· Access: Direct DL/UL access between UE and gNB
Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.



	Agreements:
· If/when coverage evaluations outside the CE SI are needed,
· The basic evaluation methodology is based on link-level simulation for FR1.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.
· Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
· The evaluation methodology for FR2 is the same as FR1.
Agreements:
· If/when link-level coverage evaluations outside the CE SI are needed,
· The CE SI link-level simulation assumptions can be used as a starting point.
· For calibration purposes, the following settings can be used:
	Parameters
	FR1 values
	FR2 values

	Scenario and frequency
	Urban:
2.6 GHz (TDD) (primary choice)
4 GHz (TDD) (secondary choice)

Rural:
700 MHz (FDD)
	Indoor: 28 GHz (TDD)

	Frame structure for TDD
	For 2.6 GHz:
DDDDDDDSUU 
(S: 6D:4G:4U)

For 4 GHz:
DDDSUDDSUU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h






In this contribution, coverage recovery for RedCap UEs is discussed.

2. Coverage evaluation methodology and result
As shown in Section 1, the objective of this SI includes studying the functionality for coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. Before discussing any specific functionalities for coverage recovery on physical channels, we think it is necessary to study how much the coverage will be reduced on each physical channel due to potential reduced complexity, such as reduced number of UE RX/TX antennas or UE BW reduction, and to study which channels the coverage should be improved. Hence, the performance evaluation on each physical channel should be done in the following 3 steps:
· Step 1: Baseline evaluation of NR Rel.15 (i.e., reference NR device) coverage performance
· Evaluation of reference NR device to obtain the reference/target performance for RedCap UE
· Step 2: Basic coverage performance evaluation of RedCap UE
· Evaluation of RedCap UE to obtain the performance loss due to reduced complexity, e.g.,
· Reduced number of UE RX/TX antennas
· UE BW reduction
· Step 3: Enhanced coverage performance evaluation of RedCap UE, if needed
· Evaluation of RedCap UE with the potential functionalities to compensate the coverage reduction on a physical channel

Proposal 1: Performance evaluation on each physical channel is done in the following 3 steps:
· Step 1: Baseline evaluation of NR Rel.15 (i.e., reference NR device) coverage performance
· Evaluation of reference NR device to obtain the reference/target performance for RedCap UE
· Step 2: Basic coverage performance evaluation of RedCap UE
· Evaluation of RedCap UE to obtain the performance loss due to reduced complexity, e.g.,
· Reduced number of UE RX/TX antennas
· UE BW reduction
· Step 3: Enhanced coverage performance evaluation of RedCap UE, if needed
· Evaluation of RedCap UE with the potential functionalities to compensate the coverage reduction on a physical channel

For Steps 1 and 2, we have evaluated baseline performance of reference NR device and basic performance of RedCap UE for PDSCH/PUSCH/PDCCH/PUCCH based on the agreed simulation assumption. The simulation assumption are summarized in Tables 1 to 5 and the BLER performance of each Channel is shown in Figs 1 to 8. For PDSCH/PDCCH, performance degradation due to reduced number of Rx antennas and/or UE BW reduction are seen as expected. For PUSCH/PUCCH, as the number of Tx antenna and UE BW are the same between reference NR device and RedCap UE, there is no performance degradation due to those reduced complexity, while other reduced complexity such as reduced antenna efficiency may be considered for further evaluation.

Observation 1: PDSCH/PDCCH performance of RedCap are degraded due to reduced number of Rx antennas and/or UE BW reduction
Observation 2: PUSCH/PUCCH performance of RedCap are not degraded in terms of number of Tx antennas and/or UE BW

Table 1.  General parameters for link level simulation
	　
	FR1
	FR2

	Service
	VoIP
	eMBB
	VoIP
	eMBB

	Channel
	Urban
	Urban
	Indoor
	Indoor

	UE capability
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE

	Center frequency
	4 GHz
	28 GHz

	Frequency bandwidth
	100 MHz
	20 MHz
	100 MHz
	20 MHz
	100 MHz
	50 or 100 MHz
	100 MHz
	50 or 100 MHz

	Maximum number of PRBs
	273
	51
	273
	51
	66
	32 or 66
	66
	32 or 66

	SCS
	30 kHz
	120 kHz

	TDD pattern (DL : UL)
	DDDSUDDSUU (S: 10D:2G:2U)
	DDDSU (S: 10D:2G:2U)

	LoS/NLoS
	NLoS
	-

	Channel model
	TDL-C
	TDL-A

	Delay spread
	300
	30

	Mobile speed
	3 km/h
	3 km/h



Table 2.  PDSCH parameters for link level simulation
	　
	FR1
	FR2

	Service
	VoIP
	eMBB
	VoIP
	eMBB

	Channel
	Urban
	Urban
	Indoor
	Indoor

	UE capability
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE

	Target data rate
	13.2 kbps
	10 Mbps
	13.2 kbps
	25 Mbps

	Target metric
	2% rBLER
	10% iBLER
	2% rBLER
	10% iBLER

	PRB allocation
	1
	40
	1
	40
	30

	Symbol allocation (S, L)
	S = 2, L = 12
	S = 2, L = 12
	S = 2, L = 12
	S = 2, L = 12

	Number of repetition
	-
	-
	-
	-

	Frequency hopping (offset)
	-
	-
	-
	-

	HARQ
	Enabled
	Disabled
	Enabled
	Disabled

	Number of HARQ process
	8
	-
	8
	-

	Number of layers
	1
	1
	1
	1

	Number of Tx antennas
	4
	4
	4
	4

	Number of Rx antennas
	4
	1,2
	4
	1,2
	2
	1
	2
	1,2

	MCS
	1
	11
	0
	0
	10
	12

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM

	PDSCH mapping type
	Type A
	Type A
	Type A
	Type A

	DMRS Type A position
	pos2
	pos2
	pos2
	pos2

	DMRS Length
	1
	1
	2
	2

	Additional DM-RS symbol positions
	pos3
	pos3
	pos1
	pos1

	DM-RS configuration type
	Type1
	Type1
	Type1
	Type1

	Multiplexing with data
	No
	No
	No
	No



Table 3.  PUSCH parameters for link level simulation
	　
	FR1
	FR2

	Service
	VoIP
	eMBB
	VoIP
	eMBB

	Channel
	Urban
	Urban
	Indoor
	Indoor

	UE capability
	Reference NR device
RedCap UE
	Reference NR device
RedCap UE
	Reference NR device
RedCap UE
	Reference NR device
RedCap UE

	Target data rate
	13.2 kbps
	1 Mbps
	13.2 kbps
	5 Mbps

	Target metric
	2% rBLER
	10% iBLER
	2% rBLER
	10% iBLER

	PRB allocation
	4
	30
	4
	30

	Symbol allocation (S, L)
	S = 0, L = 14
	S = 0, L = 14
	S = 0, L = 14
	S = 0, L = 14

	Number of repetition
	-
	-
	-
	-

	Frequency hopping (offset)
	24
	-
	24
	-

	HARQ
	Enabled
	Disabled
	Enabled
	Disabled

	Number of HARQ process
	8
	-
	8
	-

	Number of layers
	1
	1
	1
	1

	Number of Tx antennas
	1
	1
	1
	1

	Number of Rx antennas
	4
	4
	2
	2

	MCS (MCS table)
	0
	8
	0
	11

	Waveform
	DFT-S-OFDM
	DFT-S-OFDM
	DFT-S-OFDM
	DFT-S-OFDM

	PUSCH mapping type
	Type A
	Type A
	Type A
	Type A

	DMRS Type A position
	pos2
	pos2
	pos2
	pos2

	DMRS Length
	1
	1
	2
	2

	Additional DM-RS symbol positions
	pos3
	pos3
	pos1
	pos1

	DM-RS configuration type
	Type1
	Type1
	Type1
	Type1

	Multiplexing with data
	No
	No
	No
	No



Table 4.  PDCCH parameters for link level simulation
	　
	FR1
	FR2

	Channel
	Urban
	Indoor

	UE capability
	Reference
NR device
	RedCap UE
	Reference
NR device
	RedCap UE

	Target metric
	1% BLER
	1% BLER

	PRB allocation
	48
	48
	24

	Symbol duration
	2
	2

	Number of Tx antennas
	4
	4

	Number of Rx antennas
	4
	1,2
	2
	1,2

	PDSCH modulation
	QPSK
	QPSK

	Channdel coding
	Polar code
	Polar code

	Aggregation level
	16
	16
	8

	CCE-to-REG mapping
	Interleaved
	Interleaved

	Interleaver size (R)
	2
	2

	REG-bundle size (L)
	6
	6

	Precoder granularity
	REG-bundle
	REG-bundle

	Payload size
	40 bit
	40 bit



Table 5.  PUCCH parameters for link level simulation
	　
	FR1
	FR2

	Service
	VoIP
	eMBB
	VoIP
	eMBB

	Channel
	Urban
	Urban
	Indoor
	Indoor

	UE capability
	ReferenceNR device
RedCap UE
	ReferenceNR device
RedCap UE
	ReferenceNR device
RedCap UE
	ReferenceNR device
RedCap UE

	Target metric
	1% BLER
	1% BLER
	1% BLER
	1% BLER

	PUCCH format
	Format 1
	Format 3
	Format 1
	Format 0
	Format 3
	Format 2

	Number of Tx antennas
	1
	1
	1
	1
	1
	1

	Number of Rx antennas
	4
	4
	2
	2
	2
	2

	PRB allocation
	1
	1
	1
	1
	1
	1

	Repetition
	4
	4
	4
	-
	4
	-

	UCI bit length
	2
	11
	2
	2
	11
	11

	PUCCH length
	Long
	Long
	Long
	Short
	Long
	Short

	Length in OFDM symbols 
	14
	14
	14/4
	2
	14/4
	2

	Starting symbol index
	0
	0
	0
	0
	0
	0

	Intra slot frequency hopping
	enabled
	enabled
	enabled
	-
	enabled
	-
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Figure 1.  PDSCH LLS performance (FR1)
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Figure 2.  PDSCH LLS performance (FR2)
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Figure 3.  PUSCH LLS performance (FR1)
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Figure 4.  PUSCH LLS performance (FR2)
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Figure 5.  PDCCH LLS performance (FR1)
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Figure 6.  PDCCH LLS performance (FR2)
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Figure 7.  PUCCH LLS performance (FR1)
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Figure 8.  PUCCH LLS performance (FR2)

3. Functionality for coverage recovery
Regarding the potential functionalities to compensate the coverage reduction, as the potential solutions for coverage enhancements will also be studied in Rel.17 coverage enhancement (CE) SI [3], it would be better to have commonality among the functionalities/solutions for RedCap and Rel.17 coverage enhancement as much as possible considering the specification effort. For such kind of solutions, repetition can be considered to improve the SINR. Both slot and sub-slot based repetitions have been specified for PUSCH while only slot based repetition has been specified for long PUCCH formats (1/3/4). From low latency perspective, repetition of short PUCCH format (0/2) and/or sub-slot based PUCCH repetition should be studied.
In addition, due to UE BW reduction unlike CE SI, frequency hopping for PUSCH/PUCCH and VRB mapping for PDSCH may not obtain enough frequency diversity gain. Therefore, frequency hopping or other distributed mapping over wider BW should be studied especially for FR2 50MHz UE BW. For PDCCH, high aggregation level such as 16 occupies many CCEs, which leads to less PDCCH capacity. Therefore, DCI dedicated to RedCap UE with less payload should be studied.
Proposal 2: Study following enhancements for coverage recovery:
· PUSCH
· Frequency hopping or other distributed mapping over wider BW (FR2)
· PUCCH
· Sub-slot based repetition
· Repetition for PUCCH format 0/2
· Frequency hopping or other distributed mapping over wider BW (FR2)
· PDSCH
· Frequency hopping or other distributed mapping over wider BW (FR2)
· PDCCH
· DCI dedicated to RedCap UE with less payload

4. Conclusion
In this contribution, we discussed coverage recovery for RedCap UEs. Based on the discussion, we made following observations and proposals.
Proposal 1: Performance evaluation on each physical channel is done in the following 3 steps:
· Step 1: Baseline evaluation of NR Rel.15 (i.e., reference NR device) coverage performance
· Evaluation of reference NR device to obtain the reference/target performance for RedCap UE
· Step 2: Basic coverage performance evaluation of RedCap UE
· Evaluation of RedCap UE to obtain the performance loss due to reduced complexity, e.g.,
· Reduced number of UE RX/TX antennas
· UE BW reduction
· Step 3: Enhanced coverage performance evaluation of RedCap UE, if needed
· Evaluation of RedCap UE with the potential functionalities to compensate the coverage reduction on a physical channel
Observation 1: PDSCH/PDCCH performance of RedCap are degraded due to reduced number of Rx antennas and/or UE BW reduction
Observation 2: PUSCH/PUCCH performance of RedCap are not degraded in terms of number of Tx antennas and/or UE BW
Proposal 2: Study following enhancements for coverage recovery:
· PUSCH
· Frequency hopping or other distributed mapping over wider BW (FR2)
· PUCCH
· Sub-slot based repetition
· Repetition for PUCCH format 0/2
· Frequency hopping or other distributed mapping over wider BW (FR2)
· PDSCH
· Frequency hopping or other distributed mapping over wider BW (FR2)
· PDCCH
· DCI dedicated to RedCap UE with less payload

References
[1] Ericsson, RP-201318, Revised SID on Study on support of reduced capability NR devices, June 2020.
[2] 3GPP, RAN1 #101-e meeting, chairman’s notes.
[3] China Telecom, RP-193240, New SID on NR coverage enhancement, December 2019.
- 2/11 -
image3.emf
1%

10%

100%

-20 -15 -10 -5

BLER

SINR (dB)

Reference NR device /

RedCap UE (2Rx)

RedCap UE (1Rx)

VoIP


image4.emf
1%

10%

100%

-5 0 5 10 15

BLER

SINR (dB)

Reference NR device (2Rx)

RedCap UE (1Rx)

RedCap UE (2Rx)

eMBB


image5.emf
1%

10%

100%

-25 -20 -15 -10 -5

BLER

SINR (dB)

VoIP

eMBB


image6.emf
1%

10%

100%

-20 -15 -10 -5 0 5

BLER

SINR (dB)

VoIP

eMBB


image7.emf
1%

10%

100%

-15 -10 -5 0

BLER

SINR (dB)

Reference NR device (4Rx)

RedCap UE (1Rx)

RedCap UE (2Rx)


image8.emf
1%

10%

100%

-15 -10 -5 0

BLER

SINR (dB)

Reference NR device (2Rx)

RedCap UE (1Rx)

RedCap UE (2Rx)


image9.emf
1%

10%

100%

-20 -15 -10

BLER

SINR (dB)

format 1

format 3


image10.emf
1%

10%

100%

-15 -10 -5 0

BLER

SINR (dB)

format 0

format 1 (4 symbols)

format 1 (14 symbols)

VoIP


image11.emf
1%

10%

100%

-20 -15 -10 -5 0 5 10

BLER

SINR (dB)

format 2

format 3 (14 symbols)

format 3 (4 symbols)

eMBB


image1.emf
1%

10%

100%

-20 -15 -10 -5

BLER

SINR (dB)

Reference NR device (4Rx)

RedCap UE (1Rx)

RedCap UE (2Rx)

VoIP


image2.emf
1%

10%

100%

-10 -5 0 5

BLER

SINR (dB)

Reference NR device (4Rx)

RedCap UE (1Rx)

RedCap UE (2Rx)

eMBB


