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Introduction
A new study item on support of reduced capability (RedCap) NR devices was approved in [1] and revised in [2]. The objective of study item description (SID) is described in Appendix A. The RAN1#102-e agreements for coverage recovery are also described in Appendix A.
In this paper, we discuss the coverage recovery aspects of the RedCap UEs.

Discussion
Coverage Recovery Target
According to a RAN1#102-e agreement, there are two options which could be considered for RedCap coverage recovery described below. 
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
Option 1 considers compensating the coverage loss for each channel comparing with a performance obtained in a reasonable deployment. Option 3 considers enhancing the channel(s) of the RedCap UE in order to reach the bottleneck channels of the reference NR UE, where the bottleneck channel(s) are the physical channel(s) that have the lowest MCL, MIL, or MPL.  
The objective of this RedCap SI is to compensate for potential coverage loss due to the UE capability reduction. In option 1, the channel(s) of RedCap UE is not required to enhance further if it satisfies a reasonable deployment. If not, these channels need to be enhanced. Therefore, this option focuses on "a reasonable deployment". On the other hand, option 3 does not consider what the reasonable deployment is, but it focuses more on the bottleneck channels of the reference NR UE. The amount of the enhancement for the channel(s) of RedCap UE may be more necessary compared with the requirement from a reasonable deployment. Therefore, our view is that if "a reasonable deployment" can be agreeable among operators, taking option 1 would be better to reduce the complexity of RedCap UEs. On the other hand, if "a reasonable deployment" is not agreed, taking option 3 would be the only option.
Proposal 1: If a reasonable deployment can be agreeable, option 1 should be taken. If not, option 3 should be taken.
Coverage Recovery Solutions
There is relation between the coverage recovery scope of this study item and the NR coverage enhancements study item [3]. The general coverage enhancement should be discussed in the study item on NR coverage enhancements, i.e., the agenda item "8.8 Study on NR coverage enhancement". We propose that the functionality for coverage recovery in this study item should be interacted with that are designed in the agenda item "8.8 Study on NR coverage enhancement". In the other words, some solutions in "8.8 Study on NR coverage enhancement" can be tailored to the coverage recovery for the RedCap UEs. This study item should focus on solutions specific to reduced features. Specifically, coverage recovery should only be considered to compensate potential coverage reduction. When some solutions in coverage enhancement are tailored, as RedCap UE is more sensitive to the power consumption, power saving aspect is especially taken into account.  
· Downlink coverage recovery if needed due to UE reduction features such as the reduced number of antennas, the reduced UE bandwidth,
· Uplink coverage recovery if needed due to the use of lower power class and the reduced UE bandwidth.
Proposal 2: Some solutions in the agenda item "8.8 Study on NR coverage enhancement" should be tailored to the coverage recovery for the RedCap UEs under the consideration of power saving aspect.
Moreover, since UL coverage enhancement will be mainly considered in the NR coverage enhancement study item, if there is no impact on performance of initial access procedure due to UE feature reductions, RedCap SI can focus on PDCCH and PDSCH if they are identified as the bottleneck channels.
Proposal 3: For studying potential techniques for coverage recovery, RedCap can focus on the PDCCH and PDSCH if they are identified as the bottleneck channels.
Link-Level Simulation Results
In the following, link-level simulation (LLS) parameters for obtaining simulation results of PDCCH and PDSCH are provided in Table 1 and Table 2, respectively.
Table 1: Link-level simulation parameters for PDCCH
	Parameter
	Value

	Scenario
	Urban
	Rural

	UE type
	Reference
	RedCap
	Reference
	RedCap

	Carrier Frequency
	2.6GHz (TDD)
	700MHz (FDD)

	Frame structure
	[DDDDDDDSUU]
	-

	System Bandwidth
	100MHz
	20MHz

	Subcarrier spacing
	30kHz
	15kHz

	Channel model
	TDL-C

	Delay spread
	300ns

	Mobile speed
	3km/h

	Number of Tx antennas
	4

	Number of Rx antennas
	4
	1 or 2
	2
	1

	Precoding
	Precoder cycling

	Number of PRBs (CORESET size)
	48

	Payload
	40bits

	Aggregation level
	16

	PDCCH duration
	2

	Precoding
	Precoder cycling

	REG bundle size
	6REG

	Channel coding
	Polar



[bookmark: _GoBack]Table 2: Link-level simulation parameters for PDSCH
	Parameter
	Value

	Scenario
	Urban
	Rural

	UE type
	Reference
	RedCap
	Reference
	RedCap

	Carrier Frequency
	2.6GHz (TDD)
	700MHz (FDD)

	Frame structure
	[DDDDDDDSUU]
	-

	System Bandwidth
	100MHz
	20MHz

	Subcarrier spacing
	30kHz
	15kHz

	Channel model
	TDL-C

	Delay spread
	300ns

	Mobile speed
	3km/h

	Target data rate
	2Mbps
	1Mbps

	PDSCH PRB allocation
	20
	14

	PDSCH symbol allocation (S, L)
	0, 12

	HARQ
	Disabled

	Number of HARQ process
	1

	Number of layers
	1

	Number of Tx antennas
	4

	Number of Rx antennas
	4
	1 or 2
	2
	1

	Precoding
	Precoder cycling

	Number of PRB bundling
	2PRB

	Modulation
	QPSK

	TBS
	1480
	1032

	Coding Rate
	0.30078

	MCS index
	4

	Channel coding
	LDPC

	PDSCH mapping type
	Type A

	DMRS Length
	1(single-DMRS)

	Additional DMRS symbol positions
	Pos1

	DMRS and Data multiplexing
	No

	DMRS configuration type
	Type1



In order to determine number of PRBs, we use a similar approach used in [4], where the code rate is 1/3 and modulation order is 2. In the last meeting, the downlink target data rates were agreed as 2 Mbps and 1 Mbps for link budget evaluation in FR1 urban and rural scenarios, respectively. Based on that, for PDSCH, the numbers of PRBs are defined as 20 PRBs and 14 PRBs for the urban and rural scenarios. For PDCCH, 48 PRBs are used as in the CE SI. These PRBs are allocated within a BW of 20 MHz. BLER simulation results with different number of antennas for PDCCH and PDSCH are shown in Figs. 1 and 2, respectively. 
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Fig. 1: BLER results of PDCCH for UEs equipped with different number of antennas in urban and rural scenarios
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Fig. 2: BLER results of PDSCH for UEs equipped with different number of antennas in urban and rural scenarios

From Fig. 1 and Fig. 2, the following is observed
Observation 1: For FR1, the PDCCH/PDSCH coverage is impacted by Rx reduction as follows:
	Scenario and frequency band
	Urban (2.6GHz)
	Rural (700MHz)

	Rx reduction
	4 to 2
	4 to 1
	2 to 1

	Loss of PDCCH coverage (SNR@BLER=1%) [dB]
	2.5
	5.4
	2.9

	Loss of PDSCH coverage (SNR@BLER=10%) [dB]
	2.9
	6.7
	3.7



Regarding link-budget evaluation results, IMT-2020 self-evaluation is used. The detailed values for link-budget template for different scenarios are summarized in Appendix B. For a performance metric, MIL is used, where it is defined as total transmit power – receiver sensitivity + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain. 
In Fig. 4, MILs of PDCCH and PDSCH are shown for different number of antennas in different scenarios of urban and rural. The following is observed
Observation 2: MIL of PDSCH is worse than that of PDCCH in the same condition.
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Fig. 4. MILs of PDCCH and PDSCH for different number of antennas in different scenarios of urban and rural


Conclusion
Based on the discussion, we have the following observations and proposals 
Observation 1: For FR1, the PDCCH/PDSCH coverage is impacted by Rx reduction as follows:
	Scenario and frequency band
	Urban (2.6GHz)
	Rural (700MHz)

	Rx reduction
	4 to 2
	4 to 1
	2 to 1

	Loss of PDCCH coverage (SNR@BLER=1%) [dB]
	2.5
	5.4
	2.9

	Loss of PDSCH coverage (SNR@BLER=10%) [dB]
	2.9
	6.7
	3.7



Observation 2: MIL of PDSCH is worse than that of PDCCH in the same condition.
Proposal 1: If a reasonable deployment can be agreeable, option 1 should be taken. If not, option 3 should be taken.
Proposal 2: Some solutions in the agenda item "8.8 Study on NR coverage enhancement" should be tailored to the coverage recovery for the RedCap UEs under the consideration of power saving aspect.
Proposal 3: For studying potential techniques for coverage recovery, RedCap can focus on the PDCCH and PDSCH if they are identified as the bottleneck channels.



Reference
[1] RP-193238, “New SID on support of reduced capability NR devices,” Spain, RANPlenary#86.
[2] RP-201386, “Revised SID on Study on support of reduced capability NR devices”, RANPlenary#88e
[3] RP-193240, “New SID on NR coverage enhancements”, Spain, RAN1#86
[4] R1-2004155, “Overview of coverage enhancement: scenarios, channels, services and potential solutions”, RAN1#101-e

Appendix A: RedCap SI and RAN1#102-e agreements

The objective of Revised SID on Study on support of reduced capability NR devices.
	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 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. 
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.
Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity




The agreements held in RAN1#102-e for coverage recovery are shown as follows
	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, down-selection on 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 RedCap UEs, the target data rates for link budget evaluation for FR2 are as follows:
· 25Mbps for BW 50MHz/100MHz on DL and 5Mbps in UL
· Optionally, 12.5Mbps for BW 50MHz as the target data rate for DL, assuming the same DL PSD as that of BW 100MHz
· Note: in case of 50MHz BW, the maximum supported DL data rate is half that of the 100MHz BW in DL
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

Agreements:
· For RedCap coverage evaluation, the Rel-17 CE SI agreements on gNB antenna configuration, # gNB Tx/Rx chains, channel model and delay spread are reused with the following revision and/or addition
	Parameters
	FR1 values
	FR2 values

	Channel model
	TDL-C
	TDL-A
CDL-A(optional)

	Delay spread
	300ns
	30ns

	UE velocity
	3 km/h
	3 km/h

	Antenna correlation
	Low
	Low

	# gNB Tx chains
	2 or 4
	2

	# gNB Rx chains
	2 or 4
	2



· For RedCap coverage evaluation, adopt the following table for the reference NR UE. 
	Parameters
	FR1 values
	FR2 values

	# UE Tx chains
	1
	1

	# UE Rx chains
	Urban: 4 and Rural: 2
	2

	UE BW
	Urban: 100 MHz (273 PRBs)
Rural: 20 MHz (106 PRBs)
	100 MHz (66 PRBs)



· For RedCap coverage evaluation, adopt the following table for the RedCap UE. 
· Other UE BWs are not precluded
	Parameters
	FR1 values
	FR2 values

	# UE Tx chains
	1
	1

	# UE Rx chains
	1 or 2
	1 or 2

	UE BW
	Urban: 20 MHz (51 PRBs)
Rural: 20 MHz (106 PRBs)
	50 MHz (32 PRBs) or 
100 MHz (66 PRBs)



Agreements:
· For RedCap coverage evaluation, reuse the Rel-17 CE SI agreements on channel specific parameters with the following revision and/or addition 
· TBS/PRB/MCS of PDSCH (except for Msg2)/PUSCH for the RedCap UE are based on the agreed target data rates or message sizes and reported by companies
· Adopt the following table for Msg2 evaluation
· Note: the TBS scaling is not precluded in the table entry “PRBs/TBS/MCS”
	Parameters
	Values

	PRBs/TBS/MCS
	MCS is fixed to zero. Companies to report the used number of PRBs and corresponding TBS value

	PDSCH duration
	12 OS

	DMRS configuration
	Type I, 3 DMRS symbol, no multiplexing with data

	Waveform 
	CP-OFDM

	HARQ configuration 
	No retransmission



Agreements:
· For SLS based capacity evaluation, use the assumption in TR 38.802, Table A.2.1-1 as the baseline.
· For calibration purposes, the following settings can be used:
	Parameters
	FR1 values
	FR2 values

	Layout
	Single layer
Macro layer: Hex. Grid
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12

	Inter-BS distance
	500m
	20m

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

Other scenarios (e.g. Rural 700MHz) are not precluded.
	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
	3Duma
	5GCM office

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
	100% Indoor: 3km/h 

	Traffic model
	Full buffer (Optional)

Non-full buffer traffic, e.g. FTP traffic model 3 for the reference NR UEs and the IM traffic model from TR 38.840 for RedCap UEs 

	Traffic load
	Full buffer traffic (Optional):
10 users per cell including both RedCap and reference NR UEs

Non-full buffer traffic:
Low (e.g. <30%) and medium (e.g. 30%-50%) loading (resource utilization) 

	Percentage of RedCap UEs among total number of UEs
Note: Other UEs are the reference NR UEs
	Full buffer traffic (Optional):
0, 20%, 50% (i.e. 0, 2 or 5 RedCap UEs per cell), 100% (as applicable)

Non-full buffer traffic:
0, 25%, 50%, 100% (optional, as applicable)






Appendix B: Link-budget template
Urban:
	
	PDCCH
	PDSCH

	System configuration
	Ref UE 
(NLoS O-to-I)
	RedCap UE, 2 Rx
(NLoS O-to-I)
	RedCap UE, 1 Rx
(NLoS O-to-I)
	Ref UE 
(NLoS O-to-I)
	RedCap UE, 2 Rx
(NLoS O-to-I)
	RedCap UE, 1 Rx
(NLoS O-to-I)

	Transmitter
	　
	　
	　
	　
	　
	　

	(1) Number of transmit antennas.
	192.00 
	192.00 
	192.00 
	192.00 
	192.00 
	192.00 

	(2a) # of gNB TXRUs
	64.00 
	64.00 
	64.00 
	64.00 
	64.00 
	64.00 

	(2b) Number of transmit chains
	4.00 
	4.00 
	4.00 
	4.00 
	4.00 
	4.00 

	(3a) Downlink Power Spectrum Density (dBm/MHz)
	33.00 
	33.00 
	33.00 
	33.00 
	33.00 
	33.00 

	(3b) Total transmit power for carrier bandwidth (dBm)
	53.00 
	53.00 
	53.00 
	53.00 
	53.00 
	53.00 

	(3bis) Transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
	45.38 
	45.38 
	45.38 
	41.57 
	41.57 
	41.57 

	(4) Transmitter antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (4a) +10*log10( (1) / (2a) ) - (4b)  (dB) for downlink, and 
                    = (4a) +10*log10( (1) / (2b) ) - (4b)  (dB) for uplink
	12.77 
	12.77 
	12.77 
	12.77 
	12.77 
	12.77 

	(4a) Transmitter antenna element gain (dBi)
	8.00 
	8.00 
	8.00 
	8.00 
	8.00 
	8.00 

	(4b) Transmitter antenna gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for downlink and delta3 for uplink
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(5) Transmitter antenna gain (dB) at antenna gain component 2
Note: void (=zero) for uplink
	12.00 
	12.00 
	12.00 
	12.00 
	12.00 
	12.00 

	(6) Control channel power boosting gain (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	(9a) Control channel EIRP = (3bis) + (4) + (5) + (6) – (8) dBm
	67.15 
	67.15 
	67.15 
	-
	-
	-

	(9b) Data channel EIRP = (3bis) + (4) + (5) – (7) – (8)  dBm
	-
	-
	-
	63.34 
	63.34 
	63.34 

	Receiver
	　
	　
	　
	　
	　
	　

	(10) Number of receive antennas
	4.00 
	2.00 
	1.00 
	4.00 
	2.00 
	1.00 

	(10bis) Number of receive chains
	4.00 
	2.00 
	1.00 
	4.00 
	2.00 
	1.00 

	(11) Receiver antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (11a) +10*log10( (10) / (10bis) ) - (11b)  (dB) for downlink; and 
                     = (11a) +10*log10( (10) / (2a) ) - (11b)  (dB) for uplink
	0.00 
	-3.00 
	-3.00 
	0.00 
	-3.00 
	-3.00 

	(11a) Receiver antenna element gain (dBi)
	0.00 
	-3.00 
	-3.00 
	0.00 
	-3.00 
	-3.00 

	(11b) Receiver antena gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for uplink, and delta3 for downlink
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(11bis) Receiver antenna gain (dB) at antenna gain component 2
Note: void (=zero) for downlink
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	(13) Receiver noise figure (dB)
	7.00 
	7.00 
	7.00 
	7.00 
	7.00 
	7.00 

	(14) Thermal noise density (dBm/Hz)
	-174.00 
	-174.00 
	-174.00 
	-174.00 
	-174.00 
	-174.00 

	(15a) Receiver interference density for control channel (dBm/Hz)
	-999.00 
	-999.00 
	-999.00 
	-
	-
	-

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-
	-
	-
	-999.00 
	-999.00 
	-999.00 

	(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz 
	-167.00 
	-167.00 
	-167.00 
	
	
	

	(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz
	-
	-
	-
	-167.00 
	-167.00 
	-167.00 

	(17a) Occupied channel bandwidth for control channel (Hz)
	17280000.00 
	17280000.00 
	17280000.00 
	
	
	

	(17b) Occupied channel bandwidth for data channel (Hz)
	-
	-
	-
	7200000.00 
	7200000.00 
	7200000.00 

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	-94.62 
	-94.62 
	-94.62 
	-
	-
	-

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	-
	-
	-
	-98.43 
	-98.43 
	-98.43 

	(19a) Required SNR for the control channel (dB) 
	-12.20 
	-9.70 
	-6.80 
	-
	-
	-

	(19b) Required SNR for the data channel (dB) 
	-
	-
	-
	-3.80 
	-0.90 
	2.90 

	(20) Receiver implementation margin (dB)
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 

	(21a) H-ARQ gain for control channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.00 
	0.00 
	0.00 
	
	
	

	(21b) H-ARQ gain for data channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	-
	-
	-
	0.00 
	0.00 
	0.00 

	(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm
	-104.82 
	-102.32 
	-99.42 
	-
	-
	-

	(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm
	-
	-
	-
	-98.73 
	-95.83 
	-91.93 

	(23a) Hardware link budget for control channel (MIL) = (9a) + (11) + (11bis) − (12) − (22a)   dB
	170.97 
	165.47 
	162.57 
	
	
	

	(23b) Hardware link budget for data channel (MIL) = (9b) + (11) + (11bis) − (12) − (22b)  dB

	-
	-
	-
	162.57 
	156.67 
	152.87 



Rural:
	
	PDCCH
	PDSCH

	System configuration
	Ref UE 
(NLoS O-to-I)
	RedCap UE, 1 Rx
(NLoS O-to-I)
	Ref UE 
(NLoS O-to-I)
	RedCap UE, 1 Rx
(NLoS O-to-I)

	Transmitter
	　
	　
	　
	　

	(1) Number of transmit antennas.
	16.00 
	16.00 
	16.00 
	16.00 

	(2a) # of gNB TXRUs
	2.00 
	2.00 
	2.00 
	2.00 

	(2b) Number of transmit chains
	2.00 
	2.00 
	2.00 
	2.00 

	(3a) Downlink Power Spectrum Density (dBm/MHz)
	36.00 
	36.00 
	36.00 
	36.00 

	(3b) Total transmit power for carrier bandwidth (dBm)
	49.01 
	49.01 
	49.01 
	49.01 

	(3bis) Transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
	45.37 
	45.37 
	40.01 
	40.01 

	(4) Transmitter antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (4a) +10*log10( (1) / (2a) ) - (4b)  (dB) for downlink, and 
                    = (4a) +10*log10( (1) / (2b) ) - (4b)  (dB) for uplink
	17.03 
	17.03 
	17.03 
	17.03 

	(4a) Transmitter antenna element gain (dBi)
	8.00 
	8.00 
	8.00 
	8.00 

	(4b) Transmitter antenna gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for downlink and delta3 for uplink
	0.00 
	0.00 
	0.00 
	0.00 

	(5) Transmitter antenna gain (dB) at antenna gain component 2
Note: void (=zero) for uplink
	0.00 
	0.00 
	0.00 
	0.00 

	(6) Control channel power boosting gain (dB)
	0.00 
	0.00 
	0.00 
	0.00 

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00 
	0.00 
	0.00 
	0.00 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3.00 
	3.00 
	3.00 
	3.00 

	(9a) Control channel EIRP = (3bis) + (4) + (5) + (6) – (8) dBm
	59.40 
	59.40 
	-
	-

	(9b) Data channel EIRP = (3bis) + (4) + (5) – (7) – (8)  dBm
	-
	-
	54.04 
	54.04 

	Receiver
	　
	　
	　
	　

	(10) Number of receive antennas
	2.00 
	1.00 
	2.00 
	1.00 

	(10bis) Number of receive chains
	2.00 
	1.00 
	2.00 
	1.00 

	(11) Receiver antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (11a) +10*log10( (10) / (10bis) ) - (11b)  (dB) for downlink; and 
                     = (11a) +10*log10( (10) / (2a) ) - (11b)  (dB) for uplink
	0.00 
	-3.00 
	0.00 
	-3.00 

	(11a) Receiver antenna element gain (dBi)
	0.00 
	-3.00 
	0.00 
	-3.00 

	(11b) Receiver antena gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for uplink, and delta3 for downlink
	0.00 
	0.00 
	0.00 
	0.00 

	(11bis) Receiver antenna gain (dB) at antenna gain component 2
Note: void (=zero) for downlink
	0.00 
	0.00 
	0.00 
	0.00 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1.00 
	1.00 
	1.00 
	1.00 

	(13) Receiver noise figure (dB)
	7.00 
	7.00 
	7.00 
	7.00 

	(14) Thermal noise density (dBm/Hz)
	-174.00 
	-174.00 
	-174.00 
	-174.00 

	(15a) Receiver interference density for control channel (dBm/Hz)
	-999.00 
	-999.00 
	-
	-

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-
	-
	-999.00 
	-999.00 

	(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz 
	-167.00 
	-167.00 
	-
	-

	(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz
	-
	-
	-167.00 
	-167.00 

	(17a) Occupied channel bandwidth for control channel (Hz)
	8640000.00 
	8640000.00 
	-
	-

	(17b) Occupied channel bandwidth for data channel (Hz)
	-
	-
	2520000.00 
	2520000.00 

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	-97.63 
	-97.63 
	-
	-

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	-
	-
	-102.99 
	-102.99 

	(19a) Required SNR for the control channel (dB) 
	-9.80 
	-6.90 
	-
	-

	(19b) Required SNR for the data channel (dB) 
	-
	-
	0.20 
	3.90 

	(20) Receiver implementation margin (dB)
	2.00 
	2.00 
	2.00 
	2.00 

	(21a) H-ARQ gain for control channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.00 
	0.00 
	-
	-

	(21b) H-ARQ gain for data channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	-
	-
	0.00 
	0.00 

	(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm
	-105.43 
	-102.53 
	-
	-

	(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm
	-
	-
	-100.79 
	-97.09 

	(23a) Hardware link budget for control channel (MIL) = (9a) + (11) + (11bis) − (12) − (22a) dB
	163.83 
	157.93 
	-
	-

	(23b) Hardware link budget for data channel (MIL) = (9b) + (11) + (11bis) − (12) − (22b)  dB

	-
	-
	153.83 
	147.13 




	2/5	
image1.emf
1.0E-3

1.0E-2

1.0E-1

1.0E+0

-15 -10 -5 0

BLER

SNR [dB]

Urban (2.6GHz)

RedCap (1R)

RedCap (2R)

Ref. (4R)


image2.emf
1.0E-3

1.0E-2

1.0E-1

1.0E+0

-15 -10 -5 0

BLER

SNR [dB]

Rural (700MHz)

RedCap (1R)

Ref. (2R)


image3.emf
1.0E-3

1.0E-2

1.0E-1

1.0E+0

-5 0 5 10

BLER

SNR [dB]

Urban (2.6GHz)

RedCap (1R)

RedCap (2R)

Ref. (4R)


image4.emf
1.0E-3

1.0E-2

1.0E-1

1.0E+0

-5 0 5 10

BLER

SNR [dB]

Rural (700MHz)

RedCap (1R)

Ref. (2R)


image5.emf
140

145

150

155

160

165

170

175

PDCCH PDSCH

Urban (2.6GHz)

Ref. (4R) RedCap (2R) RedCap (1R)


image6.emf
140

145

150

155

160

165

170

175

PDCCH PDSCH

Rural (700MHz)

Ref. (2R) RedCap (1R)


