Page 1
3GPP TSG-RAN WG1 #102-e								R1-2006526
e-Meeting, August 17th – 28th, 2020
Source: 	Apple Inc.
Title:                     Functionality for Coverage Recovery for RedCap
[bookmark: Source]Agenda item:	8.6.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
1 Introduction
RAN #86 initiated a study item “Support of Reduced Capability NR devices” [1] with the objectives to investigate and evaluate solutions to either reduce UE complexity or lower power consumption in the applicable use cases e.g. industrial wireless sensor, video surveillance and wearables. 
Some of cost reduction techniques (e.g. reduced number of Rx antennas and reduced BW) may have impact on the downlink coverage of the device compared to normal NR devices. Thus, it was agreed as part of SID objective to study coverage recovery schemes to compensate the for potential coverage reduction due to the device complexity reduction [1]. In general, the level of coverage compensation is expected to be different for different channels. Extensive discussions on evaluation methodologies for coverage recovery were carried out in RAN1 101 e-meeting, focusing on the possibility to reuse the methodology of IMT-2020 self-evaluation, the scoping of evaluations (i.e. whether to take all relevant DL and UL channel into account), the target data rate and BLER for PDSCH/PUSCH channels as well as how to reuse/align the simulation assumptions made in Rel-17 Coverage Enhancement (CE) study. The following general methodology was agreed at the end of email discussion: 

	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.

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
	DDDSUDDSUU
(S: 10D:2G:2U)
(only for 4GHz)
DDDDDDDSUU
(S: 6D:4G:4U)
(only for 2.6GHz)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h






In this contribution, we provided evaluation for some DL and UL channels/signals to investigate the coverage impact of complexity reduction techniques.
2. Discussion
2.1 UE complexity reduction features and coverage impact
A number of UE complexity reduction features were identified and listed in [1] as follows: 
	· 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



Among these listed candidate techniques, we believe there is no coverage loss with HD-FDD, relaxed UE processing time and processing capability. On the other hand, UE bandwidth reduction may impact the coverage due to e.g. lower frequency diversity gain. Note that aggregation level 16 is still possible with the assumption of 20MHz BW and up to 2-symbols CORESET configuration for at least 15KHz and 30KHz SCS. In other words, there is no limitation on maximum aggregation level even with 20MHz reduced BW for RedCap devices. Furthermore, reduced number of Rx antennas e.g. to 2 or even 1 may result in coverage loss due to lack of spatial diversity. 

In addition, further discussions occurred in RAN #88 e-meeting on how to model the antenna gain loss for Redcap devices (e.g. wearable) due to smaller form factor and the mismatch between antenna size and operation frequency band. The SID [1] was revised to add the following note to guide the RAN1 working on this perspective: 

	· 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 coverage impact from each of these cost reduction techniques and lower antenna efficiency should be taken into account for coverage evaluation and solution study. 

Proposal 1: 
· The coverage recovery should at least evaluate the coverage impact of reduced RX antenna numbers and lower antenna efficiency. 

2.2 Evaluation of coverage performance 
The baseline gNB and UE assumptions mainly reuse the assumption agreed in the coverage extension study item. Additional cost reduction techniques for RedCap were evaluated e.g. reduced number of Rx antenna number and BW as also provided in Appendix for some downlink and uplink data and control channels (PDCCH, PDSCH, PUCCH, PUSCH) in different deployment scenarios (FR1 Urban and FR1 Rural). Detailed simulation assumptions are  provided in Appendix. 

The estimated degradation from removing the receiver diversity is summarized in Table 1 and Table 2 for PDCCH and PDSCH channels, respectively, for the following two cases: 

· Case 1: FR1, Urban, 2.6GHz 30 KHz SCS (TDD)
· Case 2: FR1, Rural, 0.7GHz, 15 KHz SCS (FDD)
Table 1: PDCCH performance degradation from removing UE receive diversity 
	PDCCH @1% BLER
	Low correlation

	
	4Rx
	2Rx
	1Rx

	Case 1
	-11.7 dB
	-8.6 dB
	-5.2 dB

	Case 2
	-
	-8.7 dB
	-5.7 dB



Table 2: PDSCH performance degradation from removing UE receive diversity 
	PDSCH @no HARQ
	Target Data Rate (TDR)
	Low correlation

	
	
	4Rx
	2Rx
	1Rx

	Case 2
	1Mbps
	-
	-6.9
	-2.8



From the Table 1, it can be seen that reducing Rx antenna number from 4 to 2 and from 2 to 1 may cause ~3 dB coverage loss for PDCCH. In general, the coverage loss due to reduced number of Rx antenna is expected for all DL channels. Whether this coverage loss has an effect on area coverage would depend on the network deployment and coverage performance of other channels. 

Observation 1: 
· Reducing Rx antenna number from 4 to 2 and 2 to 1 causes ~3 dB coverage loss for PDCCH.
· Reducing Rx antenna number from 2 to 1 results in ~4 dB coverage loss for PDSCH with 1Mbps TDR in case of Rural scenario. 

Table 3 additionally provided the required SNR for uplink channels with different performance targets for coverage performance evaluation. 

Table 3: Summary of required SNR for uplink channels
	Channels
	Performance Metric
	Required SNR

	
	
	w/o FH
	W/ FH

	PUSCH@10% BLER
	Case 1: 1Mbps
	-4.5 dB
	-4.6 dB

	
	Case 2: 100kbps
	-7.2 dB
	-7.4 dB

	Msg-3@10% BLER
	Case 1
	-5.5 dB
	-6.3 dB

	PUCCH format 3 @1% BLER
	Note: 22-bit 
	-3.6 dB
	-4.4 dB




2.3 Methodology for coverage analysis
The link budget e.g. MCL for different channel in different deployment scenario e.g. 0.7GHz Rural FDD, 2.6GHz and 4GHz TDD can be further calculated through the link budget tables. The overall amount of compensation should include additional account the up to 3dB lower antenna efficiency for all DL and UL channels as concluded by plenary and included in the revised SID. As expected, the DL coverage loss is serious than Uplink channel due to reduced number of Rx antennas. The study of coverage recover for RedCap devices should target to reach the similar MCL of normal NR device after applying new techniques defined in Rel-17 CE study item.

Proposal 2: 
· Coverage recovery for RedCap devices should strive for reaching a same MCL target as the normal NR devices targeted by the coverage enhancement study item. 
2.4 Coverage recovery solutions 
In this section, we discuss potential coverage recovery solutions that maybe considered. Depending on the coverage evaluation results for different DL/UL channel/signals channels of RedCap devices, the coverage improvement techniques maybe limited to the channels that have reduced coverage compared to the target NR coverage. 

Actually, Rel-15 NR already provided extensive supports to address coverage issue for some data channels. For example, NR supports slot-aggregation for PDSCH and PUSCH transmissions since Rel-15, where a same transport block is repeated up to eight slots and provides an effective tool to handle coverage challenges for unicast PDSCH and PUSCH channels in general. However, more studies are still necessary due to the following reasons:
· How to compensate the common DL and UL coverage loss of wearable device due to the 3dB lower antenna efficiency so as to reach comparable MCL target compared to normal NR devices.  
· In addition, time-domain repetition or slot aggregation is not supported for broadcast message yet e.g. PRACH, Msg-2/Msg-3 and PUCCH formats prior to dedicated RRC connection completion. How to extend this simple solution to other UL/DL channels should be studied so as to introduce a unified coverage recovery solution for reduced capability UEs and minimize standard efforts. 
Furthermore, the repetition number for RedCap devices maybe increased (e.g. be larger than eight) for PDSCH/ PUSCH/PUCCH to accumulate more energy to compensate the additional coverage loss due to reduced number of antennas and bandwidth.   

In addition, specific solutions can be explored for different channels. As one example, frequency hopping is another possibility for both DL and uplink channels to compensate for the reduced frequency diversity resulting from the bandwidth reduction for RedCap devices. Combination between repetition and frequency hopping can be taken advantage further to improve performance by allowing multi-slot channel estimation if possible. 


Proposal 3: 
· Strive for a unified coverage recovery solution for both DL and UL channel (e.g. time-domain repetition). 
· Study the need to increase the repetition number for PDSCH/PUSCH/PUCCH channels to improve coverage. 
· Investigate the benefit of frequency hopping for both DL and UL channel as well as the combination of frequency hopping and repetition scheme to recover the coverage loss of RedCap devices. 

One more consideration for coverage recovery scheme is the configurability. Note that practically only a fraction of the RedCap UEs that in a bad coverage needs to operate the coverage enhancement techniques. It would be beneficial if these techniques are configurable or scalable targeting to these UEs to avoid excessive resource usage. Mechanisms to allow gNB identify these RedCap UEs in earlier stage (e.g. RACH procedure) should be studied to improve the resource efficiency. 

Proposal 4: 
· Study mechanisms to allow gNB identifying and enabling the coverage enhancement techniques only for the RedCap UEs in a bad coverage.   

3. Conclusion 
In this contribution, we have presented our views on the potential coverage loss due to reduced number of Rx antennas and lower antenna efficiency. Estimates for the resulting downlink control and data channel link performance degradation are also provided in this contribution. 

Based on the discussions, we propose the following: 

Observation 1: 
· Reducing Rx antenna number from 4 to 2 and 2 to 1 causes ~3 dB coverage loss for PDCCH.
· Reducing Rx antenna number from 2 to 1 results in ~4 dB coverage loss for PDSCH with 1Mbps TDR in case of Rural scenario. 

Proposal 1: 
· The coverage recovery should at least evaluate the coverage impact of reduced RX antenna numbers and lower antenna efficiency. 
Proposal 2: 
· Coverage recovery for RedCap devices should strive for reaching a same MCL target as the normal NR devices targeted by the coverage enhancement study item. 
Proposal 3: 
· Strive for a unified coverage recovery solution for both DL and UL channel (e.g. time-domain repetition). 
· Study the need to increase the repetition number for PDSCH/PUSCH/PUCCH channels to improve coverage. 
· Investigate the benefit of frequency hopping for both DL and UL channel as well as the combination of frequency hopping and repetition scheme to recover the coverage loss of RedCap devices. 
Proposal 4: 
· Study mechanisms to allow gNB identifying and enabling the coverage enhancement techniques only for the RedCap UEs in a bad coverage.   
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Appendix 
A1: Evaluation assumption for Calibration 
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	PDCCH
	PDSCH
	PUCCH
	PUSCH, eMBB
	PUSCH, Msg3

	Performance target
	1% BLER
	FR1: 10 Mbps (Urban), 
1 Mbps (Rural); 
10% BLER
	PF1: 1% D2A and Aerr, 0.1% N2A
PF3: BLER 1% for 4 bits, 10% and 1% for the rest
	FR1: 1 Mbps (Urban),
100 kbps (Rural); 
10% BLER
	10% BLER


	FDRA (reference UE)
	48 PRBs (CORESET size
	2.6 GHz: 200 PRBs
700 MHz: 40 PRBs
4 GHz: 200 PRBs
	1 PRB
	1 Mbps: 30 PRBs
100 kbps: 4 PRBs
	
2 PRBs


	TDRA
	2 OFDM symbols (CORESET size)
	12 OFDM symbols
	14 OFDM symbols
	14 OFDM symbols
	14 OFDM symbols

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM for PF1, DFT-S-OFDM for PF3

	
DFT-s-OFDM

	
DFT-s-OFDM


	DMRS
	per RAN1 specs
	Type I, 2 DMRS symbol, 
no multiplexing with data.
	PF3: additional DMRS is configured (4 DMRS)

	Type 1, 1+1 DMRS, 
no multiplexing with data.
	Type 1, 1+1+1 DMRS, no multiplexing with data


	Periodicity 
	N/A
	N/A
	N/A
	N/A
	N/A

	Payload
	40 bits
	target data rate 10 Mbps (30 kHz SCS): TBS = 5584
target data rate 1 Mbps (15 kHz SCS): TBS = 1128
	PF1: 2 bits (A/N)
PF3: 4/11/22 bits (A/N+SR/UCI)

	target data rate 1 Mbps (30 kHz SCS): TBS = 552
target data rate 100 kbps (15 kHz SCS): TBS = 128
	

56 bits


	MCS index
	per RAN1 specs
	Use Table 5.1.3.1-1
target data rate 10 Mbps (30 kHz SCS): MCS=0
target data rate 1 Mbps (15 kHz SCS): MCS = 0
	N/A
	target data rate 1 Mbps (30 kHz SCS): MCS=308/1024
target data rate 100 kbps (15 kHz SCS): MCS = 6 (i.e. 120/1024)
Use Table 6.1.4.1-2 (TS38.214)
	

MCS0
Use Table 6.1.4.1-1 (TS38.214)


	Number of transmissions
	1
	1(no HARQ)
	1
	1
	1

	Rx combining
	MRC
	MRC
	MRC
	MRC
	MRC

	Diversity scheme
	Precoder cycling;
PRB bundle size of 6
	Precoder cycling;
PRB bundle size of 6
	(Intra PUCCH) frequency hopping at BWP edge
	With and without frequency hopping
	no frequency hopping


	Aggregation level
	16
	N/A
	N/A
	N/A
	N/A



A2: PDCCH performance 
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Figure 1: PDCCH performance for FR1, Urban, 2.6GHz 30 KHz SCS (TDD) (Case 1)
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Figure 2: PDCCH performance for FR1, Rural, 0.7GHz, 15 KHz SCS (FDD) (Case 2)
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Figure 3: PDCCH performance for FR1, Urban, 4GHz 30 KHz SCS (TDD)

A3: PDSCH performance 
[image: ]
Figure 4: PDCCH performance for FR1, Urban, 2.6GHz 30 KHz SCS (TDD) (Case 1)
A4: PUSCH performance
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Figure 5: PUSCH performance for FR1, Rural, 0.7GHz, 15 KHz SCS (FDD), 100kbps Target Date Rate
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Figure 6: PUSCH performance for FR1, Rural, 2.6 GHz, 30 KHz SCS (TDD), 1Mbps Target Date Rate
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Figure 7: PUSCH MSG-3 performance

A5: PUCCH performance 
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Figure 8: PUCCH Format 3 performance (22-bit payload)
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