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Introduction
This contribution is a revision of R1-2007531. The revisions are made in Section 2.2 to reflect more accurate antenna gain component correction factors.
In the study item on the support of reduced capability NR devices for use cases such as industrial wireless sensors, video surveillance, and wearables [1], lower device cost and complexity, as compared to high-end eMBB and URLLC devices of Rel-15/16, are among the requirements for these three use cases, as described in [1].
One potential consequence of device cost and complexity reduction is coverage loss. Thus, in one of the study item objectives, it is considered to investigate coverage recovery to compensate for potential decrease in the coverage due to the device complexity reduction. It is worth noting that the levels of coverage recovery needed are likely different for different physical channels. Thus, the first step is to assess the coverage situation of Rel-15/16 NR and identify physical channels that are limiting the NR coverage, as they can potentially also limit the RedCap coverage. These coverage-limiting channels then need coverage-recovery solutions. Different coverage-recovery solutions for different physical channels can be considered.
Related to study of coverage loss/recovery the following agreements have been made in RAN1#101e and RAN1#102e [2] meetings.
	RAN1 #101e
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.

Agreements:
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
	For 2.6 GHz:
DDDDDDDSUU 
(S: 6D:4G:4U)

For 4 GHz:
DDDSUDDSUU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h

	
	
	




RAN1 #102 e:
[bookmark: _Hlk48918220]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 [revised, see below]

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:
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 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 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






In relation to our general intention to investigate the impact of complexity reduction, we have performed link-level simulations based on the above-mentioned agreements. Then, we have obtained the required SINR for the considered physical channels under target scenarios and service/reliability requirements. These results are used to perform link-budget evaluation to identify the bottleneck channels which need coverage recovery. 
The outcomes of our link-level simulations and the link-budget evaluation are summarized in Section 2. In this section we have also listed several possible coverage-recovery solutions for different channels. 
Also, considering the newly added objective to the SID, “The study includes evaluations of the impact to network capacity and spectral efficiency”, and based on the agreements on system-level simulation assumptions (listed below), we have performed system-level simulations, and the results are presented in Section 3. 

	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)


 



[bookmark: _Ref53478693]UE complexity reduction and coverage evaluation
[bookmark: _Ref47015832]Link-level simulations
In order to evaluate the impact of the UE complexity reduction, we have performed link-level simulations to obtain the required SINR for the physical channels under performance target for the reference UEs and RedCap UEs. For that, we have considered four different scenarios: 
1) FR1, Urban with the carrier frequency of 2.6 GHz, 
2) FR2, Indoor with the carrier frequency of 28 GHz, 
3) FR1, Rural with the carrier frequency of 0.7 GHz, and
4) FR1, Urban with the carrier frequency of 4 GHz.
Our simulation assumptions and performance targets are based on the agreements from RAN1-101e and RAN1-102e meetings and listed in Appendix in detail. Considering the corresponding performance target for the different physical channels, the required SINRs—to fulfil these targets—are reported in Table 1, Table 2, Table 3, and Table 4, respectively, for each of the above-mentioned scenarios. Note that to obtain the required SINRs for PDSCH-eMBB and PUSCH-eMBB, we have considered both data rate and BLER targets.

[bookmark: _Ref52452125]Table 1: Required SINR (dB); FR1, Urban with the carrier frequency of 2.6 GHz.
	
	PRACH
	SSB
	PDCCH
	PDSCH
	Msg 2
	Msg 4
	PUCCH (22 bits PF3, 1% BLER)
	PUSCH
	Msg3

	BW= 100 MHz
#Rx= 4
	-17.5
	-11
	-9.2
	-5.7
	-4.1
	-6.6
	-5.4
	-10.5
	-6.0

	BW= 20 MHz
#Rx= 2
	-17.5
	-8
	-6
	-2.7
	-0.4
	-3.1
	-5.4
	-10.5
	-6.0

	BW= 20 MHz
#Rx= 1
	-17.5
	-4.1
	-3
	0.5
	4.5
	0.9
	-5.4
	-10.5
	-6.0



[bookmark: _Ref52452129]Table 2: Required SINR (dB); FR2, Indoor with the carrier frequency of 28 GHz.
	
	PRACH
	SSB
	PDCCH
	PDSCH
	Msg 2
	Msg 4
	PUCCH (22 bits PF3, 1% BLER)
	PUSCH
	Msg3

	BW= 100 MHz
#Rx= 2
	-12.2
	-8.2
	-6
	-2.3
	-2.1
	-1.9
	-0.9
	-9.4
	-1.8

	BW= 100 MHz
#Rx= 1
	-12.2
	-4.5
	-2.1
	1.7
	3.6
	2.5
	-0.9
	-9.4
	-1.8

	BW= 50 MHz
#Rx= 2
	-12.2
	-8.2
	-4.1
	-2
	-2
	-1.9
	-0.6
	-6.2
	-1.8

	BW= 50 MHz
#Rx= 1
	-12.2
	-4.5
	0
	2.2
	3.7
	2.6
	-0.6
	-6.2
	-1.8



[bookmark: _Ref52452132]Table 3: Required SINR (dB); FR1, Rural with the carrier frequency of 0.7 GHz.
	
	PRACH
	SSB
	PDCCH
	PDSCH
	Msg 2
	Msg 4
	PUCCH (22 bits PF3, 1% BLER)
	PUSCH
	Msg3

	BW=20 MHz
#Rx= 2
	-9.1
	-7.3
	-6.6
	-5.6
	-3.2
	-5.9
	-0.9
	-2.4
	-1.5

	BW=20 MHz
#Rx= 1
	-9.1
	-2.9
	-3.1
	-2
	0.9
	-2.2
	-0.9
	-2.4
	-1.5



[bookmark: _Ref52452135]Table 4: Required SINR (dB); FR1, Urban with the carrier frequency of 4 GHz.
	
	PRACH
	SSB
	PDCCH
	PDSCH
	Msg 2
	Msg 4
	PUCCH (22 bits PF3, 1% BLER)
	PUSCH
	Msg3

	BW= 100 MHz
#Rx= 4
	-17.3
	-11.1
	-9.2
	-5.9
	-3.8
	-6.7
	-5.4
	-10.6
	-6.1

	BW= 20 MHz
#Rx= 2
	-17.3
	-8.2
	-6
	-2.7
	-0.4
	-3.1
	-5.4
	-10.6
	-6.1

	BW= 20 MHz
#Rx= 1
	-17.3
	-4.6
	-2.9
	1
	4.4
	0.8
	-5.4
	-10.6
	-6.1



[bookmark: _Toc47617292][bookmark: _Toc54173371]For all the considered scenarios, the impact of the complexity reduction is more considerable for DL channels.
Link budget
On RAN1#102e meeting, it was agreed to take the following steps to identify the channels which need coverage recovery and the corresponding coverage-recovery values.
· 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 

Regarding the first step, we have used the simulation assumptions and results presented in Section 2.1 and Appendix to perform the link budget evaluation based on the link budget template agreed on RAN1#102-e post-meeting [4]. Our link budget evaluation outcomes in terms of maximum coupling loss (MCL), available path loss and maximum isotropic loss (MIL) are shown in Figure 2 to Figure 13, and are discussed in the following subsections.
Regarding the second step, to identify the target performance requirement and the bottleneck channels, in RAN1#102e meeting, it was agreed to down select between the following options: 
· 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

As it is not clear how a reasonable deployment is defined in the RedCap coverage study, we think it is more straightforward to progress with Option 3.

[bookmark: _Toc54173383]To determine the target performance requirement and the bottleneck channel(s), Option 3 is used, i.e.,
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
Maximum coupling loss (MCL) and maximum isotropic loss (MIL) are two commonly used metrics in coverage evaluation. The difference between the two is that MCL does not include antenna gain components 3 and 4 in Figure 1. Antenna gain component 3 is however channel and procedure dependent. In the agreed link budget template this aspect is captured through an antenna gain correction factor, which is channel and procedure dependent. Not including such a channel and procedure dependent aspect prevents MCL from properly identifying the coverage bottleneck channels among all physical channels and for all the relevant procedure, e.g. initial access. Furthermore, antenna component 4 may be reduced to reflect the antenna efficiency loss in a RedCap UE. Therefore, we propose to use the MIL as the coverage evaluation metric.
[bookmark: _Toc54173384]Maximum isotropic loss (MIL) is used as the coverage evaluation metric.
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[bookmark: _Ref53650996]Figure 1: Antenna gain components

In the following subsections, we have presented the results of link-budget evaluation and listed the channels or messages that potentially need coverage recovery separately for the considered scenarios. It is worthy to mention that in our evaluations, we have considered 3 dB antenna gain loss due to the small form factor for all the FR1 bands.
We have considered the channel that has the lowest MIL (MCL or MPL) for the reference UE as the bottleneck channel, and the corresponding MIL (MCL or MPL) as a threshold to identify the channels that need coverage recovery and the corresponding coverage recovery values. For the cases in them, either UL or DL data channel has the lowest MIL (MCL or MPL), assuming that the coverage of the data channel can be improved by decreasing data rate, we have considered the channel with second-lowest MIL (MCL or MPL), as the bottleneck channel.
FR1, Urban with the carrier frequency of 2.6 GHz
Figure 2, Figure 3, and Figure 4 show respectively MCL, available path loss, and MIL for different downlink and uplink control and data channels, at 2.6 GHz carrier frequency.
[image: ]
[bookmark: _Ref53588343]Figure 2: Link budget performance, MCL, 2.6 GHz.
[image: ]
[bookmark: _Ref53588352]Figure 3: Link budget performance, available path loss, 2.6 GHz.

[image: ]
[bookmark: _Ref53588355]Figure 4: Link budget performance, MIL, 2.6 GHz.

Considering the coverage recovery metrics MCL, MPL and MIL, Table 5 shows the bottleneck channel for the reference UE and the channels that potentially need coverage recovery for the RedCap UE at 2.6 GHz carrier frequency.
[bookmark: _Ref53413622]Table 5: Bottleneck channel for the reference UE, and the channels that need coverage recovery for the RedCap UE, 2.6 GHz.
	
	Bottleneck channel
for reference UE
	Need coverage recovery
RedCap (2 Rx)
	Need coverage recovery
RedCap (1 Rx)

	MCL
	PUSCH, MCL=139.1
	-
	-

	MPL
	PUSCH, MPL=113.2
	PUSCH, MPL=110.2
	PUSCH, MPL=110.2

	MIL
	PUSCH, MIL=143.9
	PUSCH, MIL=140.9
	PUSCH, MIL=140.9



[bookmark: _Toc54173372]For a RedCap UE, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 3.0 dB is observed for PUSCH at 2.6 GHz carrier frequency.
However as shown in Table 5, the bottleneck channel is PUSCH. For data channels coverage can be improved by simply lowering the data rates. Thus, it might be more interesting to consider the next worst channel as the bottleneck channel. This is reflected in the summary in Table 6. First, Msg3 with 154.1 dB MIL then becomes the bottleneck channel. Then, for RedCap UEs with 2 Rx, approximately 2.0 dB and 3.0 dB coverage recovery would be needed for Msg2 and Msg3, respectively. For RedCap UEs with 1 Rx, approximately 6.9 dB, 3.3 dB and 3.0 dB coverage recovery would be needed for Msg2, Msg4 and Msg3, respectively.
[bookmark: _Ref53758083]Table 6: Bottleneck channel for the reference UE, based on the worst channel other than PUSCH, and the channels that need coverage recovery for the RedCap UE, 2.6 GHz.
	
	Bottleneck channel
for reference UE
	Need coverage recovery
RedCap (2 Rx)
	Need coverage recovery
RedCap (1 Rx)

	MCL
	Msg3, MCL=146.4
	Msg 2, MCL= 144.4
	Msg 2, MCL= 139.5

	MPL
	PUCCH (22 bits), MPL=119.7
	PRACH, MPL=118.2
PUCCH (2 bits), MPL=118
PUCCH (11 bits), MPL=118.6
PUCCH (22 bits), MPL=116.8
Msg3, MPL=117.4
Msg2, MPL=119.4
	PRACH, MPL=118.2
Msg2, MPL=114.5
Msg4, MPL=118.1
PUCCH (2 bits), MPL=118.0
PUCCH (11 bits), MPL=118.6
PUCCH (22 bits), MPL=116.8
Msg3, MPL=117.4
PDCCH CSS, MPL=118.9
PDCCH USS, MPL=118.9

	MIL
	Msg3, MIL=151.1
	Msg2, MIL=150.1
Msg3, MIL=148.1
PUCCH (22 bits), MIL=150.6
	Msg2, MIL=145.2
Msg4, MIL= 148.8
Msg3, MIL=148.1
PUCCH (22 bits), MIL=150.6



[bookmark: _Toc54173373]For a RedCap UE with 2 Rx antennas, considering MIL of the worst channel other than data channels, a coverage degradation of approximately 1.0 dB, 3.0 dB and 0.5 dB, respectively, is observed for Msg2, Msg3 and PUCCH (22 bits) at 2.6 GHz carrier frequency.
[bookmark: _Toc54173374]For a RedCap UE with 1 Rx antenna, considering MIL of the worst channel other than data channels, a coverage degradation of approximately of 5.9 dB, 2.3 dB, 3.0 dB and 0,5 dB, respectively, is observed for Msg2, Msg4, Msg3 and PUCCH (22 bits) at 2.6 GHz carrier frequency.

FR2, Indoor with the carrier frequency of 28 GHz
Figure 5, Figure 6, and Figure 7 show respectively MCL, available path loss, and MIL for different downlink and uplink control and data channels, at 28 GHz carrier frequency.
 [image: ]
[bookmark: _Ref53588416]Figure 5: Link budget performance, MCL, 28 GHz.
 [image: ]
[bookmark: _Ref53588418]Figure 6: Link budget performance, Available path loss, 28 GHz.
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[bookmark: _Ref53588422]Figure 7: Link budget performance, MIL, 28 GHz.
For 28 GHz, considering the coverage recovery metrics MCL, MPL and MIL, Table 7 shows the bottleneck channel for the reference UE and the channels that need coverage recovery for the RedCap UE.
[bookmark: _Ref53415109]Table 7: Bottleneck channel for the reference UE and the channels that need coverage recovery for the RedCap UE, 28 GHz
	
	Bottleneck channel
for reference UE
	Need coverage recovery
RedCap (100 MHz, 1 Rx)
	Need coverage recovery
RedCap (50 MHz, 1 Rx)

	MCL
	Msg 4, MCL=109.9
	Msg2, MCL=104.3
Msg4, MCL=105.4
PDSCH, MCL=106.3
	PDCCH CSS, MCL=108
PDCCH USS, MCL=108
Msg2, MCL=104.3
Msg4, MCL=105.4
PDSCH, MCL=105.8

	MPL
	Msg 4, MPL=127.9
	Msg2, MPL=122.3
Msg 4, MPL=123.4
PDSCH, MPL=124,3
	PDCCH CSS, MPL=127
PDCCH USS, MPL=127
PDSCH, MPL=123.8
Msg2, MPL=122.3
Msg 4, MPL=123.4

	MIL
	Msg 4, MIL=127.9
	Msg2, MIL=122.3
Msg 4, MIL=123.4
PDSCH, MIL=124.3
	PDCCH CSS, MIL=127
PDCCH USS, MIL=127
PDSCH, MIL=123.8
Msg2, MIL=122.3
Msg 4, MIL=123.4



[bookmark: _Toc54173375]For a RedCap UE with 100 MHz BW and 1 Rx antenna, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 5.6 dB, 4.5 dB and 3.6 dB, respectively, is observed for Msg2, Msg4 and PDSCH at 28 GHz carrier frequency.
[bookmark: _Toc54173376]For a RedCap UE with 50 MHz BW and 1 Rx antenna, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 0.9 dB, 0.9 dB, 4.1 dB, 5.6 dB and 4.5 dB, respectively, is observed for PDCCH USS, PDCCH CSS, PDSCH, Msg2 and Msg4 at 28 GHz carrier frequency.
FR1, Rural with the carrier frequency of 0.7 GHz
Figure 8, Figure 9, and Figure 10 show respectively MCL, available path loss, and MIL for different downlink and uplink control and data channels, at 0.7 GHz carrier frequency.
[image: ]
[bookmark: _Ref53588460]Figure 8: Link budget performance, MCL, 0.7 GHz.
[image: ]
[bookmark: _Ref53588462]Figure 9: Link budget performance, Available path loss, 0.7 GHz.
[image: ]
[bookmark: _Ref53588464]Figure 10: Link budget performance, MIL, 0.7 GHz.

For 700 MHz, considering the coverage recovery metrics MCL, MPL and MIL, Table 8 shows the bottleneck channel for the reference UE and the channels that need coverage recovery for the RedCap UE.
[bookmark: _Ref53475248]Table 8: Bottleneck channel for the reference UE and the channels that need coverage recovery for the RedCap UE, 700 MHz.
	
	Bottleneck channel
for reference UE
	Need coverage recovery
RedCap (2 Rx)
	Need coverage recovery
RedCap (1 Rx)

	MCL
	PUSCH, MCL=133.8
	-
	-

	MPL
	PUSCH, MPL=125.2
	PRACH, MPL=123.9
PUSCH, MPL=122.2
PUCCH (22 bits), MPL=123.4
Msg3, MPL=124.3
	PRACH, MPL=123.9
PUSCH, MPL=122.2
PUCCH (22 bits), MPL=123.4
Msg3, MPL=124.3

	MIL
	PUSCH, MIL=142.8
	PUSCH, MIL=139.8
Msg3, MIL=141.9
	PUSCH, MIL=139.8
Msg3, MIL=141.9



[bookmark: _Toc54173377]For a RedCap UE, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 3.0 dB and 0.9 dB is observed for PUSCH and Msg3, respectively, at 700 MHz carrier frequency.
As shown in Table 8, the bottleneck channel is PUSCH. As mentioned before, for data channels coverage can be improved by simply lowering the data rates. Thus, it might be more interesting to consider the next worst channel as the bottleneck channel. This is reflected in the summary in Table 9. First, Msg3 with 148.9 dB MIL then becomes the bottleneck channel. For RedCap UEs, approximately 3.0 dB coverage recovery would be needed for Msg3.

[bookmark: _Ref53759744]Table 9: Bottleneck channel for the reference UE, based on the worst channel other than PUSCH, and the channels that need coverage recovery for the RedCap UE, 700 MHz.
	
	Bottleneck channel
for reference UE
	Need coverage recovery
RedCap (2 Rx)
	Need coverage recovery
RedCap (1 Rx)

	MCL
	Msg3, MCL=135.9
	-
	-

	MPL
	PUCCH (22 bits), MPL=126.4
	PRACH, MPL=123.9
PUCCH (2 bits), MPL=125.4
PUCCH (22 bits), MPL=123.4
Msg3, MPL=128.3
	PRACH, MPL=123.9
PUCCH (2 bits), MPL=125.4
PUCCH (22 bits), MPL=123.4
Msg3, MPL=124.3

	MIL
	Msg3, MIL=144.9
	Msg3, MIL=141.9
	Msg3, MIL=141.9



[bookmark: _Toc54173378]For a RedCap UE, considering the MIL of the bottleneck channel other than the data channels of the reference UE, a coverage degradation of approximately 3.0 dB is observed for Msg3 at 700 MHz carrier frequency.

FR1, Urban with the carrier frequency of 4 GHz
Figure 11, Figure 12, and Figure 13 show respectively MCL, available path loss, and MIL for different downlink and uplink control and data channels, at 4 GHz carrier frequency.
[image: ]
[bookmark: _Ref53588533]Figure 11: Link budget performance, MCL, 4 GHz.

[image: ]
[bookmark: _Ref53588536]Figure 12: Link budget performance, Available path loss, 4 GHz.

[image: ]
[bookmark: _Ref53588538]Figure 13: Link budget performance, MIL, 4 GHz.

For 4 GHz, considering the coverage recovery metrics MCL, MPL and MIL, Table 10 shows the bottleneck channel for the reference UE and the channels that need coverage recovery for the RedCap UE.
[bookmark: _Ref53475225]Table 10: Bottleneck channel for the reference UE, the channels that need coverage recovery for the RedCap UE, 4 GHz.
	
	Bottleneck channel
for reference UE
	Need coverage recovery
RedCap (2 Rx)
	Need coverage recovery
RedCap (1 Rx)

	MCL
	Msg2, MCL=138.8
	Msg2, MCL=135.4
Msg4, MCL=138.1
	PDCCH CSS, MCL=137.9
Msg 2, MCL= 130.6
Msg4, MCL=134.2
PDSCH, MCL=138

	MPL
	Msg2, MPL=112.8
	PDCCH CSS, MPL=108.9
Msg 2, MPL= 106.4
Msg4, MPL=109.1
PUSCH, MPL=110.3
PDSCH, MPL=112.7
	SSB, MPL=110.6
PDSCH, MPL=109
PDCCH CSS, MPL=105.8
PDCCH USS, MPL=109.9
Msg 2, MPL= 101.6
Msg4, MPL=105.2
PUSCH, MPL=110.3

	MIL
	Msg2, MIL=143.5
	Msg 2, MIL= 137.1
Msg4, MIL=139.8
PUSCH, MIL=141
PDSCH, MIL=143.4
PDCCH CSS, MIL=142.7
	SSB, MIL=141.3
PDSCH, MIL=139.7
PDCCH CSS, MIL=139.6
Msg 2, MIL=132.3
Msg4, MIL=135.9
PUSCH, MIL=141



[bookmark: _Toc54173379]For a RedCap UE with 2 Rx antennas, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 0.8 dB, 6.4 dB, 3.7 dB and 2.5 dB, respectively, is observed for PDCCH CSS, Msg2, Msg4 and PUSCH at 4 GHz carrier frequency.

[bookmark: _Toc54173380]For a RedCap UE with 1 Rx antenna, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 2.2 dB, 3.8 dB, 3.9 dB, 11.2 dB, 7.6 dB and 2.5 dB, respectively, is observed for SSB, PDSCH, PDCCH CSS, Msg2, Msg4 and PUSCH at 4 GHz carrier frequency.

Potential coverage recovery techniques
Our link-budget evaluation show that depending on frequency band, we may potentially need coverage recovery for different channels, signals or messages. However, considering some combinations of complexity reduction techniques may lead to unfeasible needed coverage recovery values. As an example, for carrier frequency of 4 GHz, considering RedCap UE with 1 Rx antenna and reduced antenna efficiency, a coverage compensation of 11.2 dB is required for Msg2.
[bookmark: _Toc54173381]Some combinations of complexity reduction techniques may lead to unfeasibly large required coverage recovery measures.
 In this subsection, we discuss potential coverage recovery solutions that may be considered. Here, we itemize solutions for different channels, signals, and messages in Table 11. However, depending on the findings from the coverage evaluation study, coverage enhancement is needed only for channels and/or messages that end up having RedCap UE coverage lower than the target NR coverage.

[bookmark: _Ref40448679]Table 11: Potential coverage recovery techniques
	Channel
	Coverage recovery techniques

	SSB and system information acquisition
	· For RedCap use cases, the acquisition time needed for SSB acquisition can be relaxed. The longer acquisition time allows multiple trials of SSB acquisition. This improves coverage. 
· With relaxed SSB acquisition time, the UE may also try to accumulate the detection metrics over multiple SSB transmissions in the same beam to improve coverage. 
· The “keep trying” method and metric accumulation can be also used for improving the coverage of system information acquisition.

	PDCCH
	· Reduce DCI sizes to allow for lower code rates for a given aggregation level. Since RedCap UEs have smaller BW and reduced capability, some of the DCI fields may be either reduced or removed.
· Increase the largest aggregation level beyond 16, e.g. 24 or 32 (also, AL 8 and 16 for the cases that are not already supported), when possible. Also, as the RedCap UEs have reduced BW, using a higher aggregation level may be achieved e.g., by time repetition.
· Consider frequency-hopped CORESET for RedCap UEs to increase frequency diversity.
· Take the advantage of PDCCH repetition.

	PDSCH
	· Consider frequency hopping to increase frequency diversity.
· Take the advantage of PDSCH repetition.

	PRACH
	· Repeat random access attempts.
· Use longer PRACH preambles.

	PUCCH
	· Use a longer PUCCH format.
· Take the advantage of PUCCH repetition.

	PUSCH
	· Use slot aggregation. Rel-16 already introduces slot aggregation level up to 16, which allows the same payload to be repeated in 16 slots.
· Consider frequency hopping to increase frequency diversity.



System-level simulation
Simulator and assumptions
To meet the new objective on the need for capacity and spectral efficiency evaluations (see introduction) we have carried out system simulations using multiple cells with wrap-around. For FR1 a hexagonal 7x3 deployment has been used, and for FR2 a rectangular deployment with 12 indoor base stations. 
[image: ] [image: ]
Figure 14: Examples of 2.6 GHz and 28 GHz frequency band deployments.
Users are distributed uniformly, and a gain-matrices set up for all the radio links. The table below lists the simulated cases:
Table 12: System simulation cases.
	Case:
	2.6 GHz
	28 GHz

	System BW:
	100 MHz
	100 MHz

	Ref UE:
	100 MHz
4Rx
Max 256QAM in DL
Max 64QAM in UL
	100 MHz
2Rx
Max 64QAM in DL
Max 64QAM in UL

	RedCap UE:
	20 MHz
1Rx and 2Rx
Max 64QAM in DL
Max 16QAM in UL
	100 MHz
1Rx and 2Rx
Max 16QAM in DL
Max 16QAM in UL



Further, power control is used in the uplink, no carrier-aggregation is used, MIMO is used for reference users and for RedCap users with 2Rx, and MU-MIMO is used in the downlink. For the indoor base stations in the office scenario for FR2 a down-tilt of 6 degress is applied.
SLS results
For the simulation case with 2Rx for RedCap in the 2.6 GHz frequency band, the downlink user throughput (for all users) is shown in Figure 15.
[image: ]
[bookmark: _Ref53764408]Figure 15: DL user throughput in 2.6 GHz band with reference UEs and RedCap UEs (2Rx).
It is seen that the 95th-percentile of the user throughput for RedCap (green curve=100% RedCap) is considerably lower than for MBB reference case (blue curve=100% MBB) due to the reduction of BW to 20 MHz, lower 64QAM modulation, and half the number of Rx antennas. Taking also the mixed traffic simulations into account (red and yellow curves), it is seen that the 95th-percentile indistinguishable from the MBB 95th-precentile (yellow curve is on top of the blue and red in the figure), and is therefore unaffected by the introduction of RedCap users. 
Looking at the median, it is seen that also is unaffected by the introduction of RedCap (dashed curves). With a 50% RedCap user fraction (yellow curve), it would be expected that the median would be impacted more. However, in our simulator the percentiles are rather for ‘packet throughput‘ and therefore they are more dependent on the traffic load from RedCap users. That is, according to the assumed traffic model a MBB user will in average generate an offered load of 2x107 bits/s (0.5 MB payload every 200 ms), whereas a RedCap user will in average generate an offered load of 4x105 bits/s (0.1 MB payload every 2 s). That is, a MBB user will generate 50 times more traffic than a RedCap user, so even with a 50-50 split of MBB and RedCap users, the RedCap users will only produce a data volume which is less than 2% of the total data volume.
The 5th-percentile, however, is decreasing with the increase of the fraction of RedCap users. Again, this is the ‘data packet‘ percentile and the decline is reflecting that an increasing part of the 5th-percentile traffic comes from RedCap users. This does not, however, imply that there is any decrease in MBB user performance, and this will be become clear further down in the tables where we look at at the RedCap and MBB user throughput separately. 
[image: ]
[bookmark: _Ref53784538]Figure 16: DL user throughput for 1Rx for RedCap in 2.6 GHz band.
Figure 16 is also showing the 2.6 GHz simulation case but for RedCap users with 1Rx. Mainly it is the 100% RedCap case (green curve) which is impacted, the 95th-percentile drops from 137 Mbps to 74 Mbps due to the antenna reduction and the loss of MIMO. However, the mixed traffic cases are not affected much due to the low relative data volume from RedCap. 
[image: ]
[bookmark: _Ref53784711]Figure 17: UL user throughput for 1Rx and 2Rx for RedCap in 2.6 GHz band.
Looking at the uplink user throughput in Figure 17, it is seen first of all the the 95th-percentiles are not very high due the small UL fraction of 23% from the TDD configurations. Second, it is seen that very much in the same way as for the DL case the mixed traffic cases coincide with the pure MBB reference case (blue curves which are again underneath the yellow curves). The reason is the same, even with a 50-50 split of MBB reference users and RedCap users, the RedCap contribution to the overall traffic volume is only 2%.
Table 13: 2.6GHz simulation case.
	
	
	DL- 2Rx:
	DL – 1Rx:
	UL:

	 
	RedCap user fraction:
	0
	0.25
	0.5
	1.0
	0
	0.25
	0.5
	1.0
	0
	0.25
	0.5
	1.0

	Low Loading
 RU~30%
	RU
	0.30
	0.30
	0.29
	0.29
	0.30
	0.30
	0.30
	0.31
	0.28
	0.28
	0.28
	0.34 

	
	50% UPT (eMBB UEs)
	631
	631
	637
	
	629
	632
	634
	
	47
	47
	47
	 

	
	5% UPT (eMBB UEs)
	315
	312
	321
	
	313
	313
	317
	
	3.0
	3.0
	3.0
	 

	
	Cell avg. SE (bps/Hz) (eMBB UEs)
	6.3
	-
	-
	
	6.3
	-
	-
	
	0.4
	-
	-
	 

	
	50% UPT (RedCap UEs)
	
	85
	87
	85
	
	63
	63
	62
	
	12
	12
	11

	
	5% UPT (RedCap UEs)
	
	37
	38
	38
	
	29
	28
	28
	
	2.7
	2.7
	2.2

	
	Cell avg. SE (bps/Hz) (RedCap UEs)
	
	-
	-
	4.2
	
	-
	-
	2.9
	
	-
	-
	0.4

	
	50% UPT (All UEs)
	631
	628
	632
	85
	629
	631
	630
	62
	47
	46
	46
	11

	
	5% UPT (All UEs)
	315
	301
	274
	38
	313
	302
	275
	28
	3.0
	3.0
	3.0
	2.2

	
	Cell avg. SE (bps/Hz) (All UEs)
	6.3
	6.2
	6.2
	4.2
	6.3
	6.2
	6.1
	2.9
	0.4
	0.4
	0.4
	0.4



Looking specifically at the MBB user throughput degradation in the table above, it is seen that for low load coresponding to cell throughput of 180 Mbps (30% RU), and the DL case with 2Rx for RedCap, the median does not drop from 631 Mbps  when the fraction of RedCap users is increased from 0% to 50% (the slight increase is due to the slightly lower load for 50% RedCap users). Unlike from the figures showing the average user throughput above (for all types of users), it is here seen when looking at the MBB reference specifically that there is no drop in performance neither for the 5th-percentile with increaseing RedCap fraction. Also for the cases of DL with 1Rx for RedCap and for UL, the MBB performance for both the median and the 5-percentile is unaffected by the introduction of RedCap users. Again, this is due to the relatively very low data volume produced by RedCap with the assumed traffic models.
The spectral efficiency in DL has a minor degradation with the introduction of small RedCap data volume, but is really only negatively impacted when there is only 100% RedCap users in the system, which is not surprising. In UL the spectral efficiency is essentially unchanged.
From the discussion above we make the following observation:
[bookmark: _Toc54173382]Even with a 50% fraction of RedCap users, the impact on MBB user performance is negligible since the data volume for RedCap users is relatively small (2%).

More results will be provided in the ongoing email discssion for collecting initial evaluation results.
Conclusion
In the previous sections, we discussed link budget evaluation, the impact of the complexity reduction on coverage, and possible coverage recovery solutions for different physical channels. We made the following observations: 
Observation 1	For all the considered scenarios, the impact of the complexity reduction is more considerable for DL channels.
Observation 2	For a RedCap UE, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 3.0 dB is observed for PUSCH at 2.6 GHz carrier frequency.
Observation 3	For a RedCap UE with 2 Rx antennas, considering MIL of the worst channel other than data channels, a coverage degradation of approximately 1.0 dB, 3.0 dB and 0.5 dB, respectively, is observed for Msg2, Msg3 and PUCCH (22 bits) at 2.6 GHz carrier frequency.
Observation 4	For a RedCap UE with 1 Rx antenna, considering MIL of the worst channel other than data channels, a coverage degradation of approximately of 5.9 dB, 2.3 dB, 3.0 dB and 0,5 dB, respectively, is observed for Msg2, Msg4, Msg3 and PUCCH (22 bits) at 2.6 GHz carrier frequency.
Observation 5	For a RedCap UE with 100 MHz BW and 1 Rx antenna, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 5.6 dB, 4.5 dB and 3.6 dB, respectively, is observed for Msg2, Msg4 and PDSCH at 28 GHz carrier frequency.
Observation 6	For a RedCap UE with 50 MHz BW and 1 Rx antenna, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 0.9 dB, 0.9 dB, 4.1 dB, 5.6 dB and 4.5 dB, respectively, is observed for PDCCH USS, PDCCH CSS, PDSCH, Msg2 and Msg4 at 28 GHz carrier frequency.
Observation 7	For a RedCap UE, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 3.0 dB and 0.9 dB is observed for PUSCH and Msg3, respectively, at 700 MHz carrier frequency.
Observation 8	For a RedCap UE, considering the MIL of the bottleneck channel other than the data channels of the reference UE, a coverage degradation of approximately 3.0 dB is observed for Msg3 at 700 MHz carrier frequency.
Observation 9	For a RedCap UE with 2 Rx antennas, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 0.8 dB, 6.4 dB, 3.7 dB and 2.5 dB, respectively, is observed for PDCCH CSS, Msg2, Msg4 and PUSCH at 4 GHz carrier frequency.
Observation 10	For a RedCap UE with 1 Rx antenna, considering the MIL of the bottleneck channel of the reference UE, a coverage degradation of approximately 2.2 dB, 3.8 dB, 3.9 dB, 11.2 dB, 7.6 dB and 2.5 dB, respectively, is observed for SSB, PDSCH, PDCCH CSS, Msg2, Msg4 and PUSCH at 4 GHz carrier frequency.
Observation 11	Some combinations of complexity reduction techniques may lead to unfeasibly large required coverage recovery measures.
Observation 12	Even with a 50% fraction of RedCap users, the impact on MBB user performance is negligible since the data volume for RedCap users is relatively small (2%).

Based on the discussion in the previous sections we propose the following:
Proposal 1	To determine the target performance requirement and the bottleneck channel(s), Option 3 is used, i.e., 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
Proposal 2	Maximum isotropic loss (MIL) is used as the coverage evaluation metric.
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[bookmark: _Ref53479319]Appendix
Simulation assumptions
Table 14: Link-level simulations assumptions for reference UE.
	Parameter name
	FR1, Urban
	FR2, Indoor
	FR1, Rural
	FR1, Urban

	Carrier Frequency
	2.6 GHz (TDD)
	28 GHz (TDD)
	0.7 GHz (FDD)
	4 GHz (TDD)

	BWP BW
	100 MHz (273 PRBs)
	100 MHz (66 PRBs)
	20 MHz (106 PRBs)
	100 MHz (273 PRBs)

	SCS
	30 kHz
	120 kHz
	15 kHz
	30 kHz

	Frame structure for TDD
	DDDDDDDSUU (S: 6D:4G:4U)
	DDDSU (S: 10D:2G:2U)
	
	DDDDDDDSUU (S: 6D:4G:4U)

	# of gNB TX chains
	4
	2
	2
	4

	# of gNB RX chains
	4
	2
	2
	4

	# of UE TX chains
	1
	1
	1
	1

	# of UE RX chains
	4
	2
	2
	4

	Channel Model
	TDL-C, NLOS
	TDL-A, NLOS
	TDL-C, NLOS
	TDL-C, NLOS

	UE antenna correlation
	Low
	Low
	Low
	Low

	delay spread
	300 ns
	30 ns
	300 ns
	300 ns

	UE velocity
	3 km/h
	3 km/h
	3 km/h
	3 km/h



RedCap assumptions
Table 15: Link-level simulations assumptions for RedCap.
	RedCap parameter
	FR1, Urban
	FR2, Indoor
	FR1, Rural

	BW
	20 MHz (51 PRBs)
	50 (32 PRBs) or 100 MHz (66 PRBs)
	20 MHz (106 PRBs)

	# of UE TX chains
	1
	1
	1

	# of UE RX chains
	1 or 2
	1 or 2
	1 or 2



Channel-specific assumptions and link-level simulation results
SSB
[bookmark: _Ref47339958]Table 16: SSB parameters.
	Parameter
	Value

	(Residual) frequency offset (UE)
	0.1 ppm

	SS burst set periodicity
	20 ms

	Precoder
	Precoder cycling

	Number of transmissions (shots)
	4

	BLER target for PBCH
	1%
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Figure 18: PBCH performance for 700 MHz.
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Figure 19: PBCH performance for 2.6 GHz.
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Figure 20: PBCH performance for 4 GHz.
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Figure 21: PBCH performance for 28 GHz. (120 kHz SCS)
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Figure 22: Impact of bandwidth reduction on PBCH performance for 240 kHz SSB SCS.



PRACH
The channel-specific parameters and performance targets for PRACH are shown in Table 17.
[bookmark: _Ref47340063]Table 17: PRACH parameters.
	Parameter
	Value

	Performance target
	1% missed detection at 0.1% false alarm probability

	MCS index/TBS (or modulation and code rate, 
or PRACH format)
	0.7 GHz: Format 0 (1.25 KHz SCS); BW = 1.04875 MHz
2.6 GHz: Format B4 (30 KHz SCS); BW = 4.17 MHz
4 GHz: Format B4 (30 KHz SCS); BW = 4.17 MHz
28 GHz: Format B4 (120 KHz SCS); BW = 16.68 MHz 


	Number of transmissions
	1

	Rx combining
	non-coherent combining of branches

	Propagation delay (RTT)
	0.7 GHz (rural): Uniformly distributed [0, 23] µs (ISD 6 km)
2.6 GHz (urban): Uniformly distributed [0, 2.7] µs (ISD 700 m)
28 GHz (indoor): Uniformly distributed [0, 0.077] µs (ISD 20 m)


	Frequency error
	0.10 ppm at the UE, none at the gNB



[image: ]
Figure 23: Missed detection rates of PRACH for different bands.
PDCCH
Table 18: PDCCH parameters.
	Parameter
	Value

	DCI payload size
	40 bits+CRC

	Aggregation level (AL)
	16

	CORESET
	2 symbols x 48 PRBs

	Precoding
	Precoder cycling at CCE level (REG bundle=6)

	BLER target for PDCCH
	1%
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Figure 24: PDCCH BLER performance for 700 MHz.
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Figure 25: PDCCH BLER performance for 2.6 GHz.
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Figure 26: PDCCH BLER performance for 4 GHz.
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Figure 27: PDCCH BLER performance for 28 GHz.
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Figure 28: Impact of bandwidth reduction on PDCCH BLER performance in FR2 (1.9 MHz each side guardband).



PDSCH
Table 19 shows the channel-specific parameters and performance targets for PDSCH (eMBB data), Msg 2, and Msg 4. We have adjusted the TBS and MCS accordingly, so that we can obtain the targeted data rate for the reference UE. Then, the target data rates for RedCap UEs are adjusted lower to reflect the BW constraint. As an example: for 2.6 GHz with 30 kHz SCS, there are 51 PRBs in limited bandwidth of 20 MHz. We use the MCS value from the reference UE, i.e. MCS=0. So, we end up with TBS=1480. Considering the targeted BLER, this then give 1480/0.005*(1-0.1) = 2.7 Mbps. In essence, for eMBB data, the coverage is assessed based on the same spectral efficiency expected from the reference and RedCap UEs. 
[bookmark: _Ref47017859]Table 19: PDSCH (eMBB data), Msg 2, and Msg 4 parameters.
	Parameter
	Value for PDSCH eMBB data
	Value for Msg 2
	Value for Msg 4

	FDRA (reference UE)
	2.6 GHz and 4 GHz: 200 PRBs
28 GHz: 60 PRBs for 25 Mbps and 30 PRBs for 12.5
700 MHz: 40 PRBs
	3 PRBs 

	2.6 GHz and 4 GHz: 36 PRBs
28 GHz: 18 PRBs
700 MHz: 36 PRBs

	TDRA
	12 OFDM symbols

	Waveform
	CP-OFDM

	DMRS
	Type I, 2 DMRS symbol, 
no multiplexing with data.
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data

	Payload
	target data rate 10 Mbps (30 kHz SCS): TBS =5640 
target data rate 1 Mbps (15 kHz SCS): TBS = 1128
target data rate 25 Mbps (120 kHz SCS): TBS = 3624
target data rate 12.5 Mbps (120 kHz SCS): TBS = 1800
	9 bytes
	130 bytes

	MCS index/TBS 
	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
target data rate 25 Mbps (120 kHz SCS): MCS = 3
	MCS=0
	Use Table 5.1.3.1-1
MCS=0 for FR1
MCS = 3 for FR2

	Number of transmissions
	No HARQ

	Rx combining
	MRC

	Diversity scheme
	Precoder cycling; PRB bundle size of 2

	Performance target
	FR1: 10 Mbps (Urban), 1 Mbps (Rural); 10% iBLER
FR2: 25 Mbps; 10% iBLER
	10% iBLER
	10% iBLER
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Figure 29: PDSCH BLER performance for 700 MHz.
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Figure 30: PDSCH BLER performance for 2.6 GHz.



	[image: ]
[bookmark: _Ref47616042][bookmark: _Ref47616036]Figure 31: PDSCH BLER performance for 28 GHz.
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Figure 32: PDSCH BLER performance for 4 GHz.
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Figure 33: Msg2 BLER performance for 700 MHz.
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Figure 34: Msg2 BLER performance for 2.6 GHz. 
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Figure 35: Msg2 BLER performance for 28 GHz.

	[image: ]
Figure 36: Msg2 BLER performance for 4 GHz.



	[image: ]
Figure 37: Msg 4 BLER performance for 700 MHz
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Figure 38: Msg 4 BLER performance for 2.6 GHz.
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Figure 39: Msg 4 BLER performance for 28 GHz
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Figure 40: Msg 4 BLER performance for 4 GHz. 
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Figure 41: Data rate, 2.6 GHz.
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Figure 42: Data rate, 28 GHz.
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Figure 43: Data rate, 0.7 GHz.
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Figure 44: Data rate, 4 GHz.



PUCCH
[bookmark: _Ref47354902]Table 20: PUCCH parameters.
	Parameter
	Value for PUCCH format 1
	Value for PUCCH format 3

	Payload and format
	2 bits (A/N)
	4/11/22 bits (A/N+SR/UCI)

	Number of symbols
	14
	14

	Number of PRBs
	1
	1

	Frequency hopping
	At UL BWP edge
	At UL BWP edge

	DMRS
	every even symbol according to the specification
	Additional DMRS configured (4 symbols)

	Performance target for PUCCH
	1% D2A and Aerr, 0.1% N2A
	BLER 1% for 4 bits, 10% and 1% for the rest
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Figure 45: PUCCH format 1 performance for 700 MHz.
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Figure 46: PUCCH format 3 performance for 700 MHz.
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Figure 47: PUCCH format 1 performance for 2.6 GHz.
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Figure 48: PUCCH format 3 performance for 2.6 GHz.
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Figure 49: PUCCH format 1 performance for 28 GHz.
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Figure 50: PUCCH format 3 performance for 28 GHz.
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Figure 51: PUCCH format 1 performance for 4 GHz.
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Figure 52: PUCCH format 3 performance for 4 GHz.



[bookmark: _Ref47428365][bookmark: _Ref47428359]Table 21: Required SNR (dB) to achieve performance target for PUCCH.
	Carrier frequency
	700 MHz
	2.6 GHz
	4 GHz
	28 GHz

	BW (MHz)
	20
	20
	100 (ref)
	20
	100 (ref)
	50
	100
	200 (ref)

	PF1 
(2 bits)
	-2.92
	-6.75 
	-6.62
	-6.81
	-6.78
	-3.02 
	-3.02 
	-3.02

	PF3 
(4 bits)
	-5.03 (1%)
	-8.50 (1%)
	-8.41 (1%)
	-8.49 (1%)

	-8.44 (1%)

	-4.69 (1%) 
	-4.98 (1%)
	-4.80 (1%)

	PF3 
(11 bits)
	-3.38 (1%)
-7.23 (10%)
	-7.34 (1%)
-10.03(10%)
	-7.30 (1%)
-9.97 (10%)
	-7.32 (1%)
-9.99 (10%)
	-7.30 (1%)
-9.97 (10%)
	-3.04 (1%)
-6.95 (10%)
	-3.37 (1%)
-7.20 (10%)
	-3.15 (1%)
-7.00 (10%)

	PF3 
(22 bits)
	-0.91 (1%)
-4.53 (10%)
	-5.43 (1%)
-7.81 (10%)
	-5.35 (1%)
-7.76 (10%)
	-5.38 (1%)
-7.77 (10%)
	-5.35 (1%)
-7.77 (10%)
	-0.57 (1%)
-4.21 (10%)
	-0.91 (1%)
-4.46 (10%)
	-0.67 (1%)
-4.28 (10%)



PUSCH
Table 22: PUSCH (eMBB data) and Msg3 parameters.
	Parameters
	Value for PUSCH eMBB data
	Value for Msg3

	Performance target
	FR1: 1 Mbps (Urban), 100 kbps (Rural); 10% iBLER
FR2: 5 Mbps; 10% iBLER
	10% iBLER

	FDRA (reference UE)
	1 Mbps: 30 PRBs
100 kbps: 4 PRBs
5 Mbps (100 MHz): 66 PRBs
5 Mbps (50 MHz): 32 PRBs
	2 PRBs

	TDRA
	14 OFDM symbols
	14 OFDM symbols

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM

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

	Payload
	target data rate 1 Mbps (30 kHz SCS): TBS = 552
target data rate 100 kbps (15 kHz SCS): TBS = 128
target data rate 5 Mbps (100 MHz, 120 kHz SCS): TBS = 736
target data rate 5 Mbps (50 MHz, 120 kHz SCS): TBS = 736
	56 bits

	MCS index/TBS
 (or modulation and code rate)
	target data rate 1 Mbps (30 kHz SCS): MCS=3
target data rate 100 kbps (15 kHz SCS): MCS = 6
target data rate 5 Mbps (100 MHz, 120 kHz SCS): MCS = 1
target data rate 5 Mbps (50 MHz, 120 kHz SCS): MCS = 4
MCS Table 6.1.4.1-2 (TS38.214)
	MCS0
MCS Table 6.1.4.1-1 (TS38.214)

	Number of transmissions
	1
	1

	Rx combining
	MRC
	MRC

	Diversity scheme
	no frequency hopping
	no frequency hopping

	Comments
	Required SNR used in the link budget table is the minimum SNR where both BLER (10%) and data rate requirements can be met.
	-
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Figure 53: Data rates of PUSCH (data) for different bands.
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Figure 54: Block error rates of PUSCH (data) for different bands.
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Figure 55: Block error rates of Msg3 for different bands.
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