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1 Introduction
During the RAN1 102-e meeting, coverage recovery related issues including evaluation methodology, relationship with on-going coverage enhancement study item and etc., were extensively discussed and the following agreements were reached for FR1.  
	Agreements

For the channel(s) affected by complexity reduction, the following methodology can be used to determine the target performance for coverage recovery
· Step 1: Obtain the link budget performance of the channel based on link budget evaluation

· Step 2: Obtain the target performance requirement for RedCap UEs within a deployment scenario

· FFS on the target performance requirement

· Step 3: Find the coverage recovery value for the channel if the link budget performance is worse than the target performance requirement 

Agreements:

· Link budget evaluation for RedCap should include at least PDCCH/PDSCH and PUCCH/PUSCH

Agreements:

· For initial access related channels, at least Msg2, Msg3, Msg4 and PDCCH scheduling Msg2/4 are included for link budget evaluation

· Other initial access related channels are not precluded

Agreements:

· The impact of small form factor is considered for all the uplink and downlink channels

· A 3dB loss of antenna gain is included in link budget calculation for FR1

· FFS on the application to both FDD and TDD bands or only FDD bands

Agreements: Down-selection on the following options for the target performance requirement for RedCap UEs in RAN1#103-e (aim for early in the e-meeting):

· Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment

· Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario

· Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL

· The details for the target performance requirement are FFS

Agreements: For RedCap UE, adopt the following target data rates for link budget evaluation for FR1 Rural.

· 1 Mbps on DL and 100kbps in UL

Agreements: For RedCap UE, adopt the following target data rates for link budget evaluation for FR1 Urban.

· 2 Mbps on DL and 1Mbps in UL

Note: The 2Mbps target data rate in downlink is the scaled value of the 10Mbps in the CE SI by a factor of 0.2 

Agreements:
· For link budget evaluation, the antenna gain loss due to the small form factor can be applied to all the FR1 bands

· For RedCap coverage analysis, the agreements in the Rel-17 CE SI regarding link budget template and antenna array gain are reused.

· Continue to discuss and decide the performance metric in RAN1-103 e-meeting




In this contribution, we firstly discuss the target of the coverage recovery. Then we present our link level simulation results and link budget. Some observations are obtained based on the simulation results. At last, potential directions for the coverage recovery are listed for further study. 
2 Discussion 

2.1 Target of the coverage recovery

During the last meeting, there was some discussion on the target of the coverage recovery. And different options for the target of the coverage recovery were put on table.  After extensive discussion, the following two options were agreed for down-selection at this meeting

· Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment

· Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario

· Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL

· The details for the target performance requirement are FFS

From our perspective, in the Redcap SI project, we should focus on compensating the coverage loss caused by reduced complexity at the first stage. However, there is no need to compensate all the coverage loss caused by the cost reduction techniques for each channel.  It is reasonable to recover to the similar coverage compared with current NR coverage in general. On the other hand, since the need for coverage enhancement of the eMBB devices is identified in the CE SI project and the general NR coverage performance would be improved for Release 17 eMBB UEs, so it is desirable to align the target coverage performance for both eMBB devices and the Redcap devices. Considering this point, we slightly prefer using Option 1 to set the target performance. 

If Option 1 is adopted, it is likely that the coverage gap between Redcap and the target performance is not only caused by the cost reduction, especially for UL channels. In this case, we could just focus on compensating the coverage loss or impacted channel specific in the Redcap project. For the common part between Redcap and the CE project, it can be left in the CE project. When these potential solutions are stable, Redcap could reuse these solutions with certain update to fit the reduced complexity feature if needed. For example, since the CE project focuses on the UL channel enhancement, then solutions to improve coverage of the UL channels can be left in the CE SI and Redcap project only focuses on the enhancement of the DL channels. 
Proposal 1: 
· The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment
· Redcap project only focuses on the coverage enhancement of impacted channels specific in Redcap. 
· Coverage enhancement of impacted channels common in Redcap project and CE project can be left in the CE project
2.2 Evaluation results for coverage performance in FR1
Link level simulation and link budget is performed based on the agreed assumption and template for broadcast /unicast PDCCH, PDSCH, PUCCH and PUSCH in Rural scenario and Urban scenario. It is noted that, in the both rural scenario (700MHz) and urban scenario(2.6GHz), the number of Tx and Rx on the gNB side are all set as 4. In addition, for the calculation of the MIL, MPL and MCL, we choose the same value for the beamforming gain for broadcast channel and unicast channel. Because how to perform the beam configuration is an implementation issue and it is also likely that both the unicast and broadcast channel are all associated with the beam of certain SSBs. So, here we don’t consider the difference for simplicity. 
For the Rural scenario, Table. 1 summarizes the required SINR when achieving the target BLER performance. Fig.1-Fig.3 depict the details of the MIL, MPL and MCL for each channel.  For Redcap device with 1 Rx, it is observed that the performance of the unicast PUSCH, Msg. 3 and Msg.2 for Redcap devices is below the performance of bottleneck channel of the reference UEs.  The performance of the other channels for Redcap exceeds the performance of bottleneck channel for the reference UEs just a little bit, especially in the case MPL metric. As discussed in section 1, it is desirable to align the target performance of the Redcap project and CE project and higher coverage target would be set.  In that case, all the other channels would also be potentially impacted. 
Observation 1: In the rural case, for Redcap devices with 1 Rx 
· At least the unicast PUSCH, Msg.3 and Msg. 2 are the bottleneck channels for the Redcap

· Depends on the setting of target performance requirement, PDCCH, unicast PDSCH, Msg.4, PUCCH format 1 and format 3 may potentially be impacted 
For the Urban scenario, Table. 2 summarizes the required SINR when achieving the target performance. Fig.4-Fig.6 show the details of the MIL, MPL and MCL for each channel.  According to the results, it is observed that the performance of the unicast PUSCH of Redcap devices with 1Rx or 2 Rx is below the performance of bottleneck channel of the reference UEs.  The performance of the Msg.3 and PUCCH format 3 of Redcap UEs with 1Rx or 2Rx exceeds the performance of bottleneck channel of the reference UEs just a little, especially in case of MPL metric. Specifically, for the Recap UEs with 1Rx, the Msg.2 performance just outperforms the performance of bottleneck channel of reference UEs a little bit.  As discussed in section 1, it is desirable to align the target performance of the Redcap project and CE project and CE project and higher coverage target would be set, in that case, for Redcap devices with 1 Rx or 2Rx, Msg.3 and PUCCH would also be potentially impacted and for Redcap devices with 1Rx, Msg.2 would be potentially impacted. 
Observation 2: In the urban case,

· At least the unicast PUSCH is the bottleneck channel for the Redcap devices with 1 Rx or 2Rx 
· Depends on the setting of target performance requirement, Msg.3 and PUCCH may potentially be impacted for Redcap UEs with 1 Rx or 2 Rx
· Depends on the setting of target performance requirement, Msg.2 may potentially be impacted for Redcap UEs with 1 Rx 

Table 1 Required SINR @ 700MHz
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Table 2 Required SINR @ 2.6 GHz
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Figure 1 MIL comparison @ 700MHz
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Figure 2 MPL comparison @ 700MHz
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Figure 3 MCL comparison @ 700MHz
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Figure 4 MIL comparison @ 2.6GHz
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Figure 5 MPL comparison @ 2.6GHz
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Figure 6 MCL comparison @ 2.6GHz
2.3 Potential coverage recovery solutions
Generally speaking, coverage recovery solutions were extensively discussed in some other topics. For example, in MTC/NB-IoT，time domain repetitions are utilized for the coverage enhancement. In the NR, slot aggregation or repetitions were also defined to satisfy the coverage requirement in the case of high reliability requirement. Thus existing solutions are good starting point for the coverage recovery in Redcap. 

For PDSCH and PUSCH, repetitions or slot aggregation are already supported. So, for Redcap devices, repetitions can be utilized as a basic solution at least for PDSCH and PUSCH. As shown in Figure. 7, time-domain repetition would improve the coverage performance greatly.  
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Figure 7 Performance of different number of repetitions 
To improve the efficiency of coverage recovery, on the base of repetitions, additional coverage recovery solutions can be further considered

· Cross-repetition channel estimation: When time domain repetitions are performed, gNBs or UEs could utilize the DM-RS of multiple repetitions jointly to improve the channel estimation accuracy and then additional coverage recovery gain can be further achieved. In this scheme, it is required that the frequency location and precoders should be the same for repetitions in which joint channel estimation is performed. We carry out link-level simulation to verify the performance gain as shown in Figure 8. Generally, about 0.5-1.3dB gain is expected with cross-repetition. Since the issue of channel estimation accuracy is more critical in low SINR situation, so, the performance gain is more obvious in this case. 
· Precoder cycling in time domain:  In some use scenario with mobility such as wearable, channel status is not stable. In this case, it is better to alternate the precoders for multiple repetitions to overcome the channel fluctuation and achieve the diversity gain. 
· Frequency hopping: By distributing multiple repetitions into different frequency locations, frequency diversity gain can be achieved. 
[image: image11.emf]
Figure 8 Performance of Cross-repetition channel estimation
To incorporate the above schemes well, a repetition unit containing N repetitions can be defined and the whole transmission could contain multiple repetition units. In one repetition unit, repetitions share the same precoder and the same frequency locations, then cross-repetition channel estimation can be performed within this repetition unit. Between different repetition units, both precoder and frequency location can be changed. One example is shown in Figure 9. In this case, channel estimation improvement, frequency diversity gain and spatial diversity gain can all be obtained. 
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Figure 9 Example of incorporating frequency hopping, cross-repetition channel estimation and precoder cycling
Proposal 2: 
· Consider time-domain repetitions as the baseline solution. 
· Additional solutions on base of repetitions can be further considered 
· Frequency hopping

· Cross-repetition channel estimation

· Precoder cycling in time domain
For PDCCH, utilizing higher aggregation level is an effective way to improve the coverage, for example, support aggregation level of 32 CCE for Redcap devices. However, as analyzed in our companion contribution [2], the capacity of CORESET is limited due to reduced UE bandwidth especially for the case of large SCS. To cope this problem, one simple solution is to extend the duration of one CORESET. One simple solution is to extend the CORESET duration in time domain. However, the REG numbering rule and the REG bundle formulation should be carefully designed so as to minimize the standardization effort.  Fig.6 depicts one example. One CORESET is divided into multiple CORESET subsets and these CORESET subsets are concatenated in time domain. The REG numbering is performed within the CORESET subset and the REG bundle is formed within one CORESET as well. Then the existing CCE mapping and PDCCH construction can be reused. 
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Figure 10 Example of extending the duration of CORESET
Proposal 3: 
· Consider to support higher aggregation level such as AL=32 for PDCCH. 
· The mapping of REG, REG bundle and the CCE should be carefully designed
3 Conclusions

In this contribution, we analyse the coverage loss due to complexity reduction and consider potential solutions to compensate the coverage loss. 
:
Proposal 1: 

· The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment

· Redcap project only focuses on the coverage enhancement of impacted channels specific in Redcap. 
· Coverage enhancement of impacted channels common in Redcap project and CE project can be left in the CE project
Observation 1: In the rural case, for Redcap devices with 1 Rx 

· At least the unicast PUSCH, Msg.3 and Msg. 2 are the bottleneck channels for the Redcap

· Depends on the setting of target performance requirement, PDCCH, unicast PDSCH, Msg.4, PUCCH format 1 and format 3 may potentially be impacted 
Observation 2: In the urban case,

· At least the unicast PUSCH is the bottleneck channel for the Redcap devices with 1 Rx or 2Rx 

· Depends on the setting of target performance requirement, Msg.3 and PUCCH may potentially be impacted for Redcap UEs with 1 Rx or 2 Rx

· Depends on the setting of target performance requirement, Msg.2 may potentially be impacted for Redcap UEs with 1 Rx 

Proposal 2: 
· Consider time-domain repetitions as the baseline solution. 
· Additional solutions on base of repetitions can be further considered 
· Frequency hopping

· Cross-repetition channel estimation

· Precoder cycling in time-domain
Proposal 3: 
· Consider to support higher aggregation level such as AL=32 for PDCCH. 
· The mapping of REG, REG bundle and the CCE should be carefully designed
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Appendix

Table.1 Simulation parameters for rural scenario
	Parameters
	Value

	Scenario and frequency
	· 700 MHz 

	SCS
	· 15kHz

	BWP BW
	· 20MHz (106 RBs) for both Ref and Redcap 

	Channel model
	· TDL-C, NLoS

	Delay spread
	· 300ns

	Antenna correlation
	· Low

	UE velocity
	· 3 km/h

	# of Tx/Rx chains for reference UE
	· 1T2R

	# of Tx/Rx chains for RedCap UE
	· 1T2R or 1T1R

	PDCCH
	· AL: 16 
· Payload: 40bits 
· CORESET: 2 symbols, 48RBs 
· BLER: 1% 
· Tx diversity: Precoder cycling with bundle size of 6

	Unicast PDSCH
	· Target data rate: FR1: 1Mbps (Rural) 

· Initial BLER: 10% 
· MCS/RB/TBS: 0/40/1128 for Rural 

· TDRA: 12 symbols including PDSCH

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg2
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/3/72

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg4
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/36/1040

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	PUCCH
	· Format and payload
· Format 1: 2bits UCI 
· Format 3: 22 bits UCI
· BLER 
· Format 1: 1% DTX to ACK and ACK misdetection and 0.1% NACK to ACK 
· Format 3: 1% BLER for A/N/SR, 10% for CSI 
· FDRA: 1 RB 
· TDRA: 14 OFDM symbols 
· Number of transmissions: 1

· Tx diversity: intra-slot frequency hopping

	Unicast PUSCH
	· Target data rate: FR1: 100kbps (Rural)

· Initial BLER: 10% 
· MCS/RB/TBS: 0/4/128 for Rural

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: No frequency hopping


Table.2 Simulation parameters for urban scenario
	Parameters
	Value

	Scenario and frequency
	· Urban: 2.6 GHz (TDD) 

	Frame structure for TDD
	· DDDDDDDSUU  (S: 6D:4G:4U)

	SCS
	· Urban: 30kHz 

	BWP BW
	· Urban: 100MHz (273 RBs) for Ref

· Urban: 20MHz (51 RBs) for Redcap 

	Channel model
	· TDL-C, NLoS

	Delay spread
	· 300ns

	Antenna correlation
	· Low

	UE velocity
	· 3 km/h

	# of Tx/Rx chains for reference UE
	· Urban: 1T4R

	# of Tx/Rx chains for RedCap UE
	· 1T2R or 1T1R

	PDCCH
	· AL: 16 
· Payload: 40bits 
· CORESET: 2 symbols, 48RBs 
· BLER: 1% 
· Tx diversity: Precoder cycling with bundle size of 6

	Unicast PDSCH
	· Target data rate: FR1: 2 Mbps (Urban)

· Initial BLER: 10% 
· MCS/RB/TBS: 1/41/1516 or Urban

· PDSCH duration: 12 symbols  

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg2
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/3/72

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 3 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	Msg4
	· Initial BLER: 10% 
· MCS/RB/TBS: 0/36/1040

· TDRA: 12 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: Precoder cycling with bundle size of 2 RBs

	PUCCH
	· Format and payload
· Format 1: 2bits UCI 
· Format 3: 11/22 bits UCI
· BLER 
· Format 1: 1% DTX to ACK and ACK misdetection and 0.1% NACK to ACK 
· Format 3: 1% BLER for A/N/SR, 10% for CSI 
· FDRA: 1 RB 
· TDRA: 14 OFDM symbols 
· Number of transmissions: 1

· Tx diversity: intra-slot frequency hopping

	Unicast PUSCH
	· Target data rate: FR1: 1Mbps (Urban), 100kbps (Rural)

· Initial BLER: 10% 
· MCS/RB/TBS: 3/30/2280 for Urban

· TDRA: 14 OFDM symbols

· DMRS: Type 1 with 2 DMRS symbols

· Tx diversity: No frequency hopping


