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1. [bookmark: _Toc120549591]Introduction
In the SID agreed in RAN#86 [1] for support of reduced capability NR devices, one of the objectives is as the following,
[bookmark: _GoBack]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, considerations on the coverage recovery for Reduced Capability NR Devices will be discussed.
2. Discussion on coverage recovery for Reduced Capability NR Devices
When considering the coverage recovery, the recovery target needs to be firstly discussed. There are two alternatives to make comparable coverage as R15/16 eMBB/URLLC design.
· Alt.1: the coverage of all the channels that has been affected by complexity reduction will be recovered.
As stated by the SID [1], the 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 
Among the above features, reduced number of RX/TX antennas will reduce the downlink and uplink coverage directly. Then all the physical control channel and physical shared channel, including PBCH，PDCCH，PRACH，PUCCH，PDSCH and PUSCH needs enhancement to compensate for the coverage reduction. 
UE Bandwidth reduction may also has some influence on the coverage of PDCCH. Since currently, the CORESET#0 which is used for type0-PDCCH transmission supports a maximum of AL=16CCEs. If the UE bandwidth is reduced, AL=16 may not be available. Take SCS combination {SS/PBCH block, PDCCH} of {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz as an example, see table 13-4 in TS38.213, the maximum CORESET#0 size is 48RB with 2symbols, then one PDCCH with 16CCEs can be supported. If the UE bandwidth is reduced to 10MHz, the bandwidth of CORESET#0 should be smaller than 10MHz to allow NR light UE’s access. Then the maximum number of RBs indicated for CORESET#0 will be 24, and at most 3 symbols in time domain, as a result, the maximum number of CCEs in CORESET#0 is 72, AL=16 cannot be supported. In this case, the coverage of type0-PDCCH as well as other PDCCHs will be reduced.
One direct way to improve the coverage of physical channels is to introduce more repetitions. For MIB and SIB1 transmission, repetitions have already been introduced within the periodicity of 80 ms and 160ms, for MIB and SIB1 respectively. For initial access, the repetition transmission period is 20 ms for both MIB and SIB1. More repetitions can be introduced by using a smaller repetition transmission period, such 10ms or 5ms.
The other way to improve the coverage of physical channels is to allow combination of MIB or SIB1 transmission associated with different SSB index. For example, SSBs with different indexes can be quasi co-located, and indicated to UE by additional signalling, then UE can perform MIB and SIB1 transmission combinations that are associated with different SSB indexes. 
Proposal 1: If the coverage of all physical channels that has been affected by complexity reduction will be recovered, there are two kinds of ways to compensate for potential coverage reduction
· Introduce more repetitions;
· Allow combination of transmission associated with different SSB indexes.

· Alt 2: the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery.
For this alternative, the bottleneck channel of NR R15/16 needs to be decided. Link budget is a simple and effective way to find such channel. Here we have done link budget for two cases, and the MAPLs for different channels are compared.
· Case 1. PUSCH data rate 128kbps.
For this case, the downlink PDSCH data rate can reach 62Mbps at the same MAPL as PUSCH, and the MAPL margins between of PUSCH and other channels are listed below. It can be seen that coverage of PRACH is poorer than PBCH, PDCCH and PUCCH, but it still have 10.26dB more coverage than PUSCH with 128kbps. Here, TDD configuration of 8 DL slots to 2 UL slots is considered. For PBCH, combination of 4 repetitions has been done, and a full slot long PUCCH format1 is assumed. The detailed parameters are listed in the Appendix.

Figure.1 MAPL margin between PUSCH (128kbps) and other channels
· Case 2. PUSCH data rate 1Mbps.
For this case, the downlink PDSCH data rate can reach 125Mbps at the same MAPL as PUSCH, and the MAPL margins between of PUSCH and other channels are listed below. It can be seen that the MAPL margin increases with the higher PUSCH data rate.

Figure.2 MAPL margin between PUSCH (1Mbps) and other channels
From the above link budget analysis, it can be seen that the bottleneck channel for R15/16 eMBB/URLLC services may be PUSCH, and the margin between it and the other channels can be different depending on the uplink data requirements. Therefore, to determine the coverage gaps between NR light devices and eMBB/URLLC devices, the cell edge requirement of NR light use cases needs to be decided first. If it has a very low cell edge requirement, the coverage may be comparable to eMBB/URLLC devices, or even better, although it has smaller RX/TX antennas and smaller UE bandwidth. And then the coverage of all channels should be re-evaluated according to the required cell edge data rate.
Proposal 2. If the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery, the cell edge data rate requirement should be determined firstly, and then the coverage gap will be evaluated based on the reduced capability.
It is proposed that down selection of the two alternatives is done before make solutions for the coverage recovery.
Proposal 3. Down selection from the two alternatives before making any detail solutions for the coverage recovery. 
· Alt1: the coverage of all the channels that has been affected by complexity reduction will be recovered;
· Alt2: the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery.
3. Conclusions
In this contribution, considerations on coverage recovery for reduced capability NR devices are discussed, and the following proposals are made.
Proposal 1: If the coverage of all physical channels that has been affected by complexity reduction will be recovered, there are two kinds of ways to compensate for potential coverage reduction
· Introduce more repetitions;
· Allow combination of transmission associated with different SSB indexes.
Proposal 2. If the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery, the cell edge data rate requirement should be determined firstly, and then the coverage gap will be evaluated based on the reduced capability.
Proposal 3. Down selection from the two alternatives before making any detail solutions for the coverage recovery. 
· Alt1: the coverage of all the channels that has been affected by complexity reduction will be recovered;
· Alt2: the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery.
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5. Appendix
Table I: Link budget parameters for NR physical channels with SCS of 30 KHz
	No.
	parameters
	Downlink
	Uplink

	1
	Number of antenna elements
	gNB:64Tx
UE:4Rx
	UE:2Tx
gNB:64Rx

	2
	TX Power (dBm)
	53
	26

	3
	RBs
	272
	1*note 1

	4
	Subcarriers bandwidth(KHZ)
	30
	30

	5
	Tx Power/Subcarrier (dBm)
	17.9
	15.2

	6
	Transmission Line Loss (dB)
	0
	0

	7
	Antenna Gain (dBi)
	16
	16

	8
	Transmit Diversity Gain (dB)
	12
	0

	9
	Receive Diversity Gain (dB)
	0
	9

	10
	Smart Antenna Gain(dB)
	0
	0

	11
	Thermal Noise (kT) (dBm/Hz)
	-174
	-174

	12
	Noise Figure (dB)
	7
	4

	13
	Noise Power per subcarrier (dB)
	-122.2
	-125.2

	14
	SNR for MCS Level - 1% BLER(dB)  (UL:2T2R, DL:1T4R)
	PDCCH: -7dB
PBCH: -11dB
	PUCCH: -7dB
PRACH: -9dB

	
	System Margin
	

	15
	Fast Fade Margin (dB)
	0
	0

	16
	Shadow Fading Margin (dB)
	8
	8

	17
	Interference Margin (dB)
	8
	3

	18
	Penetration Loss (dB) (Dense Urban/Urban)
	16
	16

	19
	OTA(dB)
	4
	4

	20
	MS Body Loss (dB)
	3
	3

	21
	Terminal Loss (dB)
	0
	0

	22
	Total System Margin (dB)(Dense Urban/Urban)
	39
	34

	23
	Indoor Maximum allowable Path Loss(Dense Urban/Urban)
	No.5-6+7+8+9-22-13-14

	Note1: The RB number is different for different UL channels 



MAPL margin (dB)

MAPL margin	
PBCH 8 beams	PDCCH 8 beams	PUCCH format 1	PRACH format 0	14.69	10.69	13.03	10.26	


MAPL margin  (dB)

MAPL margin	
PBCH 8 beams	PDCCH 8 beams	PUCCH format 1	PRACH format 0	22.98	18.98	21.32	18.55	


