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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #86 meeting, the study item of “New SID on support of reduced capability NR devices” was approved for NR Release 17 study [1]. One of the detailed objectives of the study item is as follows:
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. 
In this contribution, we discuss the coverage reduction due to UE complexity reduction and provides potential solutions to support coverage recovery.
Discussion on coverage recovery
In our companion contribution [2], the potential UE complexity reduction features, which contributes mainly to cost reduction, power saving, as well as compact device size are analyzed. According to the analysis, it was proposed to reduce UE carrier bandwidth and RX antenna number for reduced capability NR devices. However this will result in performance loss for control/data channels when comparing NR REDCAP UEs with NR legacy UEs, which means more time-frequency resources will be consumed for NR REDCAP UEs to retain the same data rate as NR legacy UEs. In our understandings, coverage recovery means performance recovery for NR REDCAP UEs in not only the cell edge but also cell middle/center, and that is beneficial to improve the spectrum efficiency. 
· Downlink control channel
As in the companion contribution [2], 20MHz is proposed as the only reduced bandwidth capability for NR REDCAP UEs. Since UE capable of 20MHz bandwidth can still afford PDCCH with AL = 16, the maximum PDCCH aggregation level is retained for NR REDCAP UEs.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]However, RX antenna reduction reduces the receiver diversity gain, resulting in performance degradation of PDCCH. Figure 1 summarizes performance loss due to RX antenna reduction assuming 1% target BLER. The detailed simulation assumption can be found in Appendix 1. It can be observed that performance loss caused by the Rx reduction from 2RX to 1RX is larger than that from 4RX to 2RX for the same AL. For example, there is nearly 2.9dB performance loss for AL-16 if RX antennas are reduced from 4RX to 2RX, while even larger performance loss of 3.8 dB, for a reduction from 2Rx to 1Rx. So the performance loss caused by reduction from 4RX to 1RX can be up to 6.7dB. Furthermore, the smaller AL, the larger performance loss. In short, much larger performance loss is caused by a reduction from 4RX to 1RX compared to the reduction from 4RX to 2RX, resulting in significant degradation of network PDCCH performance. In this sense, only the RX antennas reduction from 4RX to 2RX should be considered with high priority for further study.  
Observation 1: For PDCCH, there is nearly 3dB performance loss if UE RX antennas are reduced from 4RX to 2RX.  Significant degradation of PDCCH performance can be expected if UE RX antennas are further reduced to 1RX.
 [image: ]
Figure 1． Performance loss due to RX antenna reduction for PDCCH

· Downlink data channel (including DMRS)
The performance loss for downlink data channel mainly comes from the reduced frequency selective gain due to BW (bandwidth) reduction (from 100MHz to 20MHz) and the reduced receiver diversity gain due to RX antennas reduction. 
Assume a NR legacy UE with 100MHz BW capability can be scheduled dynamically within 100MHz in a transmission occasion while a NR REDCAP UE can only be scheduled dynamically within at most 20MHz. An interesting question is whether frequency hopping-like mechanism should be introduced for NR REDCAP UE so as to allow a 20MHz-BW UE hopping within a 100MHz network carrier bandwidth. Therefore, the performance loss by fixed 20MHz over flexible 20MHz within 100MHz have been evaluated in Figure 2 and the detailed assumptions can be found in Appendix 2. 
[image: ]
Figure 2．Performance loss by fixed 20MHz over flexible 20MHz within 100MHz for PDSCH

According to the evaluation results, it can be observed UE BW reduction will decrease the frequency selective gain. The performance loss by fixed scheduling over flexible scheduling within 100MHz for the certain bandwidth is increased with the reduced RX antennas since more TX/RX antenna can provide large TX/RX diversity and decrease the impact incurred by channel frequency selective fading. In addition, the gain under different SINR is comparable for the given bandwidth and TX/RX antenna configuration. For example, the loss by fixed 20MHz over flexible 20MHz within 100MHz is 1.66/1.57/1.47 dB when SINR is -10/0/10dB and RX antenna number is 2. This is because channel frequency selective fading is caused by multipath transmission of signal and has nothing to do with the received SINR. According to the results, it can be observed that giving 4TX&2RX antenna, there is about 1.5dB performance loss if UE BW is reduced from 100MHz to 20MHz.
On the other side, RX antenna reduction may reduce the receiver diversity gain. To evaluate the performance of UEs, typical modulation and channel coding rate configurations e.g. QPSK/16QAM and 1/3/1/2 coding rate are assumed. Other detailed assumptions can be found in Appendix 2. The performance loss due to RX antenna reduction is summarized in Figure 3 based on the simulation results shown in Appendix. It can be observed that performance loss caused by the RX antenna reduction from 2RX to 1RX is larger than that from 4RX to 2RX for the same modulation order and coding rate. For example, there is 4dB performance loss for QPSK and 1/3 coding rate if RX antennas are reduced from 4R to 2R , while even lager performance loss, 4.8dB, for a reduction from 2RX to 1RX. So the performance loss caused by reduction from 4RX to 1RX can achieve 8.8dB. In short, the performance loss caused by UE RX antenna reduction from 4RX to 1RX is much larger than that from 4RX to 2RX, resulting in significant degradation of PDSCH performance. Additionally the less RX antennas will result in the larger performance loss. From this aspect, the number of RX antennas reduced from 4RX to 2RX can be considered with high priority for further study.
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Figure 3．Performance loss due to RX antenna reduction for PDSCH

In summary, it can be concluded that the entire performance loss due to BW reduction and RX antenna reduction is about 5.5dB if RX antennas are reduced from 4RX to 2RX and UE BW is reduced from 100MHz to 20MHz. 
Observation 2: For PDSCH, the total performance loss is about 5.5dB, if RX antennas are reduced from 4RX to 2RX and UE BW is reduced from 100MHz to 20MHz. Significant degradation of PDSCH performance can be expected if UE RX antennas are further reduced to 1RX. 
Proposal 1: The number of UE RX antennas reducing to 2RX is with high priority.
Proposal 2: Some potential enhancements for PDCCH/PDSCH for NR REDCAP UEs should be considered.
· Uplink channel
According to the NR UE feature list specified in [3], single layer and single port without antenna switching for uplink transmission is mandatory for NR legacy UEs. Therefore there is no performance loss due to UE TX antenna reduction for uplink channel including control channel and data channel.
From the aspect of reduced BW, although the frequency selective gain would be reduced as discussed above, the resulting performance loss can be ignored since more RX antennas at gNB side can provide larger receive diversity gain.
In summary, in our view, there is no performance gap between NR REDCAP UE and NR Legacy UE for uplink control and data channel.
Observation 3:  For PUCCH and PUSCH, there is no obvious performance gap between NR REDCAP UE and NR legacy UE.
· Common channels and signals
NR REDCAP UE can detect the common channels such as SSB via ‘keep trying’. That means NR REDCAP UE could detect more SSBs and perform combination in a longer time window. The cost is to probably increase the access delay but there is no performance gap between NR REDCAP UE and NR legacy UE.
Observation 4: There is no performance gap between NR REDCAP UE and NR legacy UE for common channels and signals (e.g. SSB).
According to the above discussion, some potential solutions to compensate the performance loss due to UE capability reduction can be considered for the detailed channel, such as PDCCH and PDSCH. Additionally since the devices are stationary or limited mobility for industrial wireless sensors and video surveillance, the optimization for stationary UEs and UEs with limited mobility to compensate the performance loss can be studied, such as control resource overhead reduction. 
[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals.
Observation 1: For PDCCH, there is nearly 3dB performance loss if UE RX antennas are reduced from 4RX to 2RX.  Significant degradation of PDCCH performance can be expected if UE RX antennas are further reduced to 1RX.
Observation 2: For PDSCH, the total performance loss is about 5.5dB, if RX antennas are reduced from 4RX to 2RX and UE BW is reduced from 100MHz to 20MHz. Significant degradation of PDSCH performance can be expected if UE RX antennas are further reduced to 1RX. 
[bookmark: _GoBack]Observation 3:  For PUCCH and PUSCH, there is no obvious performance gap between NR REDCAP UE and NR legacy UE.
Observation 4: There is no performance gap between NR REDCAP UE and NR legacy UE for common channels and signals (e.g. SSB).
Proposal 1: The number of UE RX antennas reducing to 2RX is with high priority.
Proposal 2: Some potential enhancements for PDCCH/PDSCH for NR REDCAP UEs should be considered.
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Appendix 1 
The simulation assumption of link level simulation for PDCCH is provided in Table A1-1.
Table A1-1. The simulation assumption of link level simulation for PDCCH
	Simulation parameters
	Value

	Carrier frequency for evaluation
	4GHz

	UE Bandwidth
	20MHz

	Waveform
	CP-OFDM

	Duplexing 
	FDD

	Link-level Channel model
	TDL-C

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	CORESET symbol
	2

	CORESET PRB number
	48

	CCE-to-REG mapping type
	interleaved

	REG bundle size
	6

	CORESET interleaver size
	2

	DMRS channel estimation
	real

	TRxP receiver type
	MMSE

	Modulation
	QPSK

	BS Tx antenna
	4T

	UE Rx antenna
	4R/2R/1R



Appendix 2 
The simulation assumption of link level simulation for PDSCH to evaluate the performance loss by UE bandwidth reduction is provided in Table A2-1.
Table A2-1. The simulation assumption of link level simulation for PDSCH
	Simulation parameters
	Value

	Carrier frequency for evaluation
	4GHz

	Cell bandwidth
	100MHz

	UE bandwidth
	20MHz

	Waveform
	CP-OFDM

	Duplexing 
	FDD

	Link-level Channel model
	TDL-C

	Delay spread
	300ns

	DMRS channel estimation
	ideal

	UE speed
	3km/h

	Subcarrier spacing
	30kHz

	TRxP receiver type
	MMSE

	Modulation
	QPSK

	Coding rate
	1/2

	BS Tx antenna
	4T

	UE Rx antenna
	4R/2R/1R

	Rank
	1

	DMRS configuration
	1 symbol front loaded-DMRS with configuration type 1



The simulation assumption of link level simulation for PDSCH to evaluate the performance loss by UE RX antennas reduction is provided in Table A2-2.
Table A2-2. The simulation assumption of link level simulation for PDSCH
	Simulation parameters
	Value

	Carrier frequency for evaluation
	4GHz

	UE Bandwidth
	10/5MHz

	Waveform
	CP-OFDM

	Duplexing 
	FDD

	Link-level Channel model
	TDL-C

	UE speed
	3km/h

	Subcarrier spacing
	30kHz

	DMRS channel estimation
	real

	TRxP receiver type
	MMSE

	Modulation
	QPSK, 16QAM

	Coding rate
	1/3, 1/2

	BS Tx antenna
	4T

	UE Rx antenna
	4R/2R/1R

	Rank
	1

	DMRS configuration
	1 symbol front loaded-DMRS with configuration type 1



The simulation results of performance loss due to Rx antenna reduction for PDSCH are provided in Figure A2-1/ A2-2/ A2-3/ A2-4.
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Figure A2-1. Simulation results for QPSK & 1/3 CR    Figure A2-2. Simulation results for QPSK & 1/2 CR 

[image: ]      [image: ]  
Figure A2-3. Simulation results for 16QAM & 1/3 CR     Figure A2-4. Simulation results for 16QAM & 1/2 CR
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