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In RAN1#101-e and RAN#88-e meeting, RAN1 discussed the issue related to coverage recovery due to the device complexity reduction. And the study also includes evaluations of the impact to network capacity and spectral efficiency. 
RAN1 made the following agreements related to study of coverage loss/recovery: 
	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 made the following agreements related to study of performance impacts: 
	Agreements:
· The evaluation of performance impacts includes at least peak data rate, latency and reliability (as needed for the use cases). Other performance metrics such as power consumption, spectral efficiency and PDCCH blocking probability may also be considered if appropriate for a specific technique.



The SI objective of coverage recovery was clarified in [1] with two additional bullets in red below: 
	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. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency



In this contribution, we discuss the coverage reduction and performance impact due to UE complexity reduction and provide potential solutions to support coverage recovery.
Discussion on coverage recovery
In this section, we will discuss coverage recovery.
Coverage recovery target and evaluation methodology
Due to the UE complexity reduction, such as UE number of RX antennas and bandwidth reduction, the capability of NR RedCap UEs is obviously lower than that of NR legacy UEs, which will result in coverage loss. Besides UE RX antenna and bandwidth reduction, as discussed in the revised SID, for FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB.
As discussed above, some coverage evaluations outside the R17 CE SI are needed, considering the potential UE complexity reduction. The basic evaluation methodology could be based on link-level simulation and link budget for FR1 and FR2 as discussed in R17 CE SI. We prefer to use the ITU-2020 self-evaluation template as the baseline and the detailed discussion of evaluation method is referenced in our companion contribution [2]. 
Given limited progress from CE SI to perform evaluation for coverage loss for RedCap due to UE complexity reduction, in this contribution, we investigate the maximum coupling loss (MCL) for coverage recovery given the interest on identifying the bottleneck channels taken real deployments into account. The Available pathloss and the Target performance is compared where
· Available pathloss means the MCL at required SNR which can achieve the target data rate while the maximum coverage distance at the required SNR might not be achieved at the cell edge.
· Target performance means the MCL at the distance of being  from the base station for hexagonal cells.
Note, this aims to provide a preliminary analysis and observations for coverage loss when looking into the coverage-limited channel. 
Link level evaluation assumptions
For the scenario and frequency, in addition to the values agreed in Urban, we think some FDD band could also be considered, such as 2 GHz and 700MHz.
As in ITU-2020 self-evaluation, we think PDCCH, PDSCH, PUCCH, and PUSCH are almost sufficient for coverage evaluation in NR RedCap SI, and message-3 can additionally be considered as PUSCH is the bottleneck channel in RA procedure. For SIB1, Paging, message-2, message-4, the typical TBSs of these channels are much smaller than TBS of PDSCH assumed in our evaluation. For PSS, SSS, PBCH, due to mechanism of ‘keep trying’, UE can perform combination in a rather longer. For the above reasons, we think these channels are not needed to be considered.
Proposal 1: PDCCH, PDSCH, PUCCH, PUSCH, msg3 can be considered for coverage evaluation in RedCap SI, any other channels is not needed.
Proposal 2: In urban scenario, in addition to TDD band, some FDD band should also be considered for coverage evaluation in RedCap SI.
For target data rates of PDSCH and PUSCH, in addition to the target date rates discussed in CE SI, the reference bitrate for IWSN, Video Surveillance, Wearables discussed in revised SID [4] can also be considered, i.e. 5Mbps for PDSCH and 2Mbps for PUSCH in Urban and Rural scenario. While considering 2Mbps for PUSCH in rural maybe too challenging in rural, 1Mbps for PUSCH can also be evaluated to observe the uplink coverage performance.
Proposal 3: For the target data rate of PDSCH and PUSCH, in addition to the values discussed in R17 CE SI, the reference bitrate defined for RedCap use cases should also be considered for coverage evaluation in RedCap SI, such as 5Mbps for PDSCH, 2Mbps for PUSCH.
The evaluated scenarios, frequency and channels are summarized in Table 1.
Table 1: The evaluated scenario and frequency
	Parameters
	FR1 values

	Scenario and frequency
	Urban:
2.6 GHz (TDD)
4 GHz (TDD) 
2 GHz (FDD)
700 MHz (FDD)

Rural:
700 MHz (FDD)

	Frame structure for TDD
	For 2.6 GHz: DDDDDDDSUU (S: 6D:4G:4U)
For 4 GHz: DDDSUDDSUU (S: 10D:2G:2U)

	Channels 
	PDCCH, PDSCH, PUCCH, PUSCH, Msg3

	Target data rate
	Urban:
PDSCH: 10 Mbps, 5Mbps
PUSCH: 1Mbps, 2Mbps

Rural:
PDSCH: 5Mbps
PUSCH: 128kbps, 1Mbps, 2Mbps



Some key system assumptions for NR legacy and NR RedCap wearable are provided in Table 2 and Table 3. Other general system assumptions and channel-specific parameters can be found in Appendix 1. As discussed in the SID, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains and the loss of the additional coverage loss is to be limited to 3dB. So the coverage of wearables can be considered to be the worst in all RedCap use cases. Hence, in our evaluation, coverage of wearables is mainly considered, for the other use cases, the results of coverage evaluation can be achieved by adding 3 dB based on wearables.
Note that 3dB potential antenna gain loss is considered for both 1T1R and 1T2R antenna configurations of NR RedCap UEs.
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	Scenario
	FR1, Urban
	FR1, Urban
	FR1, Urban
	FR1, Urban
	FR1, Rural

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

	Cell BW
	100 MHz
(273 PRBs)
	100 MHz
(273 PRBs)
	20 MHz
(106 PRBs)
	20 MHz
(106 PRBs)
	20 MHz
(106 PRBs)

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

	# of UE TX/RX antenna elements
	1 / 4
	1 / 4
	1 / 4
	1 / 4
	1 / 4

	# of UE TX/RX antenna ports
	1 / 4
	1 / 4
	1 / 4
	1 / 4
	1 / 4

	UE antenna gain(dBi)
	0
	0
	0
	0
	0



Table 2: Key system assumptions for NR RedCap wearable
	Scenario
	FR1, Urban
	FR1, Urban
	FR1, Urban
	FR1, Urban
	FR1, Rural

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

	BWP BW
	20 MHz
(51 PRBs)
	20 MHz
(51 PRBs)
	20 MHz
(106 PRBs)
	20 MHz
(106 PRBs)
	20 MHz
(106 PRBs)

	# of UE TX/RX antenna elements
	1 / 1 or 2
	1 / 1 or 2
	1 / 1 or 2
	1 / 1 or 2
	1 / 1 or 2

	# of UE TX/RX antenna ports
	1 / 1 or 2
	1 / 1 or 2
	1 / 1 or 2
	1 / 1 or 2
	1 / 1 or 2

	UE antenna gain(dBi)
	-3
	-3
	-3
	-3
	-3



Link level evaluation results
The link budget results for NR legacy UEs and NR RedCap UEs are provided in Table 4 ~ Table 7. The corresponding required SINR are provided in Appendix 2. The highlighted numbers mean these available MCL are smaller than the target MCL and these channels therefore are coverage limited. In order to determine the target MCL, we could set a target ISD firstly. 350 meters for Urban and 1732 meters for Rural could be considered as the typical ISD in RedCap SI.

Table 4: The target MCL (dB)
	Scenario
	Target MCL

	Urban(O2I)  
4GHz (TDD) 
	118.2  for ISD 350 m

	Urban(O2I)  
2.6GHz (TDD) 
	114.4  for ISD 350 m

	Urban(O2I) 
2 GHz (FDD)
	112.1 for ISD 350 m

	Urban(O2I) 
700 MHz (FDD)
	103.1 for ISD 350 m

	Rural (O2I) 
700MHz (FDD)
	118.9  for ISD 1732 m



Table 5: The available MCL (dB) for NR legacy UEs
	Scenario
	PDCCH
AL-16
	PDSCH
	PUSCH
	PUCCH
Format1
	PUCCH
Format3
	Msg3 


	
	
	10 Mbps
	5 Mbps
	128 
kbps
	1 
Mbps
	2
 Mbps
	
	
	

	Urban(O2I)  4GHz (TDD) 
	134.35
	134.35
	134.25
	N/A
	109.84
	106.86
	123.78
	121.38
	123.47

	Urban(O2I)  2.6GHz (TDD) 
	137.33
	137.16
	137.16
	N/A
	111.76
	107.44
	126.70
	124.44
	126.42

	Urban(O2I) 
2 GHz (FDD)
	133.93
	127.39
	130.53
	N/A
	117.32
	112.79
	129.17
	126.75
	128.64

	Urban(O2I) 
700 MHz (FDD)
	130.67
	124.46
	127.48
	N/A
	114.35
	109.86
	125.92
	123.67
	125.07

	Rural (O2I) 
700MHz (FDD)
	133.53
	N/A
	130.58
	121.65
	117.45
	112.96
	128.78
	126.53
	128.17



Table 6: The available MCL (dB) for NR RedCap wearable with 1T2R
	Scenario
	PDCCH
AL-16
	PDSCH
	PUSCH
	PUCCH
Format1
	PUCCH
Format3
	Msg3 


	
	
	10
Mbps
	5 
Mbps
	128 
kbps
	1 
Mbps
	2
 Mbps
	
	
	

	Urban(O2I)  4GHz (TDD) 
	128.37
	118.75
	123.02
	N/A
	106.84
	103.86
	120.78
	118.38
	120.47

	Urban(O2I)  2.6GHz (TDD) 
	131.29
	123.86
	126.82
	N/A
	108.76
	104.44
	123.70
	121.44
	123.42

	Urban(O2I) 
2 GHz (FDD)
	130.93
	124.39
	127.53
	N/A
	114.32
	109.79
	126.17
	123.75
	125.64

	Urban(O2I) 
700 MHz (FDD)
	127.67
	121.46
	124.48
	N/A
	111.35
	106.86
	122.92
	120.67
	122.07

	Rural (O2I) 
700MHz (FDD)
	130.53
	N/A
	127.58
	121.65
	114.45
	109.96
	125.78
	123.53
	125.17



Table 7: The available MCL (dB) for NR RedCap wearable with 1T1R
	Scenario
	PDCCH
AL-16
	PDSCH
	PUSCH
	PUCCH
Format1
	PUCCH
Format3
	Msg3 


	
	
	10 
Mbps
	5 
Mbps
	128 
kbps
	1 
Mbps
	2
 Mbps
	
	
	

	Urban(O2I)  4GHz (TDD) 
	124.88
	112.97
	118.50
	N/A
	106.84
	103.86
	120.78
	118.38
	120.47

	Urban(O2I)  2.6GHz (TDD) 
	128.21
	118.79
	122.48
	N/A
	108.76
	104.44
	123.70
	121.44
	123.42

	Urban(O2I) 
2 GHz (FDD)
	127.39
	119.78
	123.43
	N/A
	114.32
	109.79
	126.17
	123.75
	125.64

	Urban(O2I) 
700 MHz(FDD)
	124.32
	116.82
	120.51
	N/A
	111.35
	106.86
	122.92
	120.67
	122.07

	Rural (O2I) 
700MHz (FDD)
	127.18
	N/A
	123.61
	121.65
	114.45
	109.96
	125.78
	123.53
	125.17



The coverage loss due to UE complexity is summarized in Table 8 according to the evaluated results in Table 4, Table 5 and Table 6.
Table 8: Coverage loss (dB) for NR RedCap wearable compared with NR legacy UEs
	Scenario
	UE antennas: 1T2R
	UE antennas: 1T1R

	
	PDCCH
AL-16
	PDSCH
	UL channels
	PDCCH
AL-16
	PDSCH
	UL channels

	
	
	10 Mbps
	5 Mbps
	
	
	10 Mbps
	5 Mbps
	

	Urban(O2I)  4GHz (TDD) 
	5.98
	15.6
	11.23
	3
	9.47
	21.38
	15.75
	3

	Urban(O2I)  2.6GHz (TDD) 
	6.04
	13.3
	10.34
	
	9.12
	18.37
	14.68
	

	Urban(O2I) 
2 GHz (FDD)
	3
	3
	3
	
	6.54
	7.61
	7.1
	

	Urban(O2I) 
700 MHz(FDD)
	3
	3
	3
	
	6.35
	7.64
	6.97
	

	Rural (O2I) 
700MHz (FDD)
	3
	N/A
	3
	
	6.35
	N/A
	6.97
	



As shown above, for NR legacy UEs, none of DL channels are coverage limited in all the scenarios. In Urban, PUSCH with target data rate of 1Mbps and 2Mbps are coverage limited for 4GHz (TDD) and 2.6GHz (TDD), while for 2GHz (FDD) and 700MHz (FDD), none of the remaining UL channels are coverage limited. In rural, PUSCH with target data rate of both 128 kbps and 1 Mbps can be almost met. 
For NR RedCap UEs with 1T2R and 20MHz bandwidth, in Urban, for 4GHz(TDD) and 2.6GHz(TDD), due to the UE bandwidth reduction, UE RX antennas reduction and potential 3dB antenna gain loss, the coverage loss of PDSCH is up to nearly 10~16 dB compared with NR legacy UEs.  For PDCCH, the coverage loss is up to nearly 6 dB. And for all the UL channels, such as PUCCH and PUSCH, the coverage loss only comes from antenna gain loss for wearables.  For 2GHz (FDD) and 700MHz (FDD), the coverage loss of all the channels comes from antenna gain loss for wearables. However, for the perspective of target MCL, none of  DL channels in all the scenarios and UL channels for 2GHz (FDD) / 700MHz (FDD) are coverage limited, the only bottleneck channel is PUSCH with target data rate of 1Mbps and 2Mbps for  4GHz(TDD) and 2.6GHz(TDD) in Urban.
For NR RedCap UEs with 1T1R and 20MHz bandwidth, in Urban, for 4GHz (TDD) and 2.6GHz (TDD), the coverage loss of PDSCH is further enlarged as up to nearly 15~21 dB compared with NR legacy UEs. For PDCCH, the coverage loss is up to nearly 9 dB. For 2GHz (FDD) and 700MHz (FDD), the coverage loss of PDSCH is up to nearly 7 dB and the coverage loss of PDCCH is up to nearly 6dB. However, for the perspective of target MCL, the only bottleneck channel in DL is PDSCH with target data rate of 10Mbps for 4GHz (TDD).  For PUSCH, the conclusion is same with NR RedCap UEs with 1T2R.
Observation 1: When NR RedCap UE RX antennas are reduced to 2RX and UE bandwidth is reduced to 20MHz, neither of PDCCH and PDSCH is coverage limited in all scenarios and frequency.
Observation 2: When NR RedCap UE RX antennas are reduced to 1RX and UE bandwidth is reduced to 20MHz, only PDSCH with target date rate of 10Mbps in urban & 4 GHz TDD is coverage limited in downlink.
Observation 3: For all the simulated TDD band in urban, PUSCH is coverage limited.
Observation 4: For all the simulated FDD band in urban, PUSCH is not coverage limited, except 2Mbps for 2 GHz.
Observation 5: In Rural, PUSCH with target data rate of 128kbps can be met, while PUSCH with higher target data rate, such as 1 Mbps / 2Mbps will be coverage limited.

Half Duplex FDD (HD-FDD) impact on coverage
HD-FDD is one of the potential technique to reduce the UE complexity and cost as discussed in SID. As evaluated in 36.888, HD-FDD will result in no loss of coverage, the evaluation mechanism is that for type A HD-FDD, for a PDSCH transmission, due to the UE switching time between downlink subframes and immediately following uplink subframes, the UE may choose not to receive symbols at the end of the downlink subframe, thereby increasing the PDSCH SINR requirements. This SINR loss can be avoided by the scheduler and is compensated by the improved noise figure of a switch-based receiver RF chain, so the downlink coverage of an HD-FDD is expected to at least as good as that of an FD-FDD UE.  For type B HD-FDD, as defined in LTE, both the downlink subframes preceding an uplink subframe and following an uplink subframe from the same UE will not be received.
However, we think that for type A HD-FDD, even though the performance of one PDSCH transmission is not reduced, due to half duplex mechanism, the available time resource of an HD-FDD UE in downlink or uplink will be reduced, which will apparently result in data rate of PDSCH or PUSCH decreasing, especially for simultaneous DL and UL traffic model. For type B HD-FDD, as defined in LTE, both the downlink subframes preceding an uplink subframe and following an uplink subframe from the same UE will not be received, so the impact on data rate of PDSCH or PUSCH by type B HD-HDD is greater than type A HD-FDD.
In summary, if the same reference data rate of downlink or uplink is considered, the PDSCH or PUSCH SINR should be increased, which will result in loss of downlink or uplink coverage for an HD-FDD UE.
Observation 6: HD-FDD will result in loss of downlink and uplink coverage for a given data rate, or reduced data rate.
Discussion on network capacity and spectrum efficiency
In this section, we will discuss network capacity and spectrum efficiency. The observations made in this section hold in general, despite the coverage analysis is done across coverage-limited channels or coverage gap from normal UEs for each channel.
In our companion contribution [4], for the purpose of reducing UE complexity and cost, we propose to reduce number of UE RX antenna and downlink modulation order. However, both techniques will result in loss of UE performance, thereby reducing downlink network capacity and spectrum efficiency. For evaluation of spectrum efficiency, the methodology of ITU-2020 self-evaluation could be considered. And for the purpose of excluding the influence of traffic model, full buffer should be assumed in the simulation instead of burst buffer. Some system level evaluation results are provided as following and the detailed simulation assumptions are provided in Appendix 3. 
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Figure 1: Downlink spectrum efficiency for NR RedCap UEs and NR legacy UEs
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Figure 2: Downlink spectrum efficiency for NR RedCap UEs and NR legacy UEs 
As shown above, in urban, for 2.6GHz (TDD), if UE RX antennas are reduced from 4RX to 2RX and downlink modulation order is reduced from 256QAM to 64QAM for NR RedCap UEs, when 100% UEs in network are NR RedCap UEs, the loss of downlink cell spectrum efficiency is about 30%. While, if UE RX antennas is further reduced to 1RX, the cell spectrum efficiency loss can be up to nearly 50%. And we can also see that if NR RedCap UEs penetration ratio is smaller, then the loss of SE will be reduced.
In rural, for 700MHz(FDD), if UE RX antennas are reduced from 2 to 1 and downlink modulation order is reduced from 256QAM to 64QAM for NR RedCap UEs, the loss of downlink SE loss is nearly 35% when NR RedCap UEs penetration ratio is 100%.
Observation 7: In urban, for TDD 2.6GHz, the loss of downlink SE is about 30% for NR RedCap UEs with 1T2R & 64QAM compared with NR legacy UEs with 1T4R & 256QAM, and the loss will be up to nearly 50% if UE RX antennas are further reduced to 1RX, assuming 100% of NR RedCap UEs in network.  In rural, for FDD 700MHz, the loss of downlink SE is nearly 35% for NR RedCap UEs with 1T1R & 64QAM compared with NR legacy UEs with 1T2R & 256QAM, assuming 100% of NR RedCap UEs in network. 
Potential solutions for DL and UL enhancements 
In this section, we will discuss some potential enhancement for DL and UL channels.
1) UL coverage enhancement
As evaluated in section 2, we can see that the PUSCH is coverage limited gravely for NR RedCap UEs and NR legacy UEs for TDD 4GHz/2.6GHz in urban. So some potential UL coverage enhancements should be considered. As coverage enhancement of PUSCH is also a key target of R17 Coverage enhancement SI and common assumptions in e.g. UE bandwidth can be assumed, general schemes discussed in R17 CE SI could also be considered for NR RedCap, such as repetition, cross-slot channel estimation, etc. Considering the further loss of uplink coverage for NR RedCap UEs due to potential UE antenna gain loss, some additional UL enhancements outside R17 CE SI could also be considered as a general tool for UL enhancements. 
SUL 
According to the evaluation results in section 2, PUSCH is the bottleneck for coverage. As shown in Figure 3, PUSCH for all the simulated TDD band in urban is coverage limited, in contrast, PUSCH for all the simulated FDD band in urban are not coverage limited basically. So we propose that SUL could be considered for NR RedCap UEs, it is beneficial for UL coverage. And SUL can also promote UE data rate and improve user experience.
[image: ]
Figure 3. MCL (dB) of PUSCH in urban scenario

2) DL performance improvement
As evaluated in section 2 and section 3, DL channels are not the coverage bottleneck in case of UE complexity reduction, however, performance degradation of PDSCH/PDCCH and loss of downlink spectrum efficiency are still observed, especially when NR RedCap UEs penetration ratio is very high. 
Further, the coverage may need to be compensated especially considering the potential gap with normal UEs due to complexity reduction of RedCap UEs. 
DCI size reduction
As evaluated, due to UE RX antennas reduction and potential antenna gain loss, the performance of PDCCH will degrade for not only cell edge UEs but also all the UEs in a cell, which means more CCEs will be consumed for NR RedCap UEs to retain the same performance as NR legacy UEs. When RedCap UEs coexist with normal UEs, the same performance is desirable for network scheduling/configuration. As one example, DCI size reduction could be considered.

3) Techniques applicable to both UL and DL
Optimization for stationary UEs and UEs with limited mobility
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 can be studied, such as DMRS overhead reduction. 
BWP switching in a larger system bandwidth
In our companion contribution [3], we have evaluated that UE bandwidth reduction will cause loss of frequency selective gain in downlink as shown in Figure 4. Therefore, BWP switching in a larger bandwidth from system perspective could be considered to achieve frequency scheduling gain. Additionally, BWP switching can also achieve fast load balancing between narrow bands in a cell.
Considering there is no change on UL Tx and BS antenna configurations, the gain on UL may be limited; while from specification point of view, there may be no need to restrict this technique to DL only, unless other issues identified.
[image: ]
Figure 4．Performance loss by fixed 20MHz BW location over flexible 20MHz within 100MHz for PDSCH

Proposal 4: Performance enhancements could be considered for NR RedCap UEs, such as BWP switching in a larger bandwidth, DMRS overhead reduction for stationary UEs and UEs with limited mobility, DCI size reduction for DL and SUL for UL.
[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals.
Observation 1: When NR RedCap UE RX antennas are reduced to 2RX and UE bandwidth is reduced to 20MHz, neither of PDCCH and PDSCH is coverage limited in all scenarios and frequency.
Observation 2: When NR RedCap UE RX antennas are reduced to 1RX and UE bandwidth is reduced to 20MHz, only PDSCH with target date rate of 10Mbps in urban & 4 GHz TDD is coverage limited in downlink.
Observation 3: For all the simulated TDD band in urban, PUSCH is coverage limited.
Observation 4: For all the simulated FDD band in urban, PUSCH is not coverage limited, except 2Mbps for 2 GHz.
Observation 5: In Rural, PUSCH with target data rate of 128kbps can be met, while PUSCH with higher target data rate, such as 1 Mbps / 2Mbps will be coverage limited.
Observation 6: HD-FDD will result in loss of downlink and uplink coverage for a given data rate, or reduced data rate.
Observation 7: In urban, for TDD 2.6GHz, the loss of downlink SE is about 30% for NR RedCap UEs with 1T2R & 64QAM compared with NR legacy UEs with 1T4R & 256QAM, and the loss will be up to nearly 50% if UE RX antennas are further reduced to 1RX, assuming 100% of NR RedCap UEs in network.  In rural, for FDD 700MHz, the loss of downlink SE is nearly 35% for NR RedCap UEs with 1T1R & 64QAM compared with NR legacy UEs with 1T2R & 256QAM, assuming 100% of NR RedCap UEs in network. 
Proposal 1: PDCCH, PDSCH, PUCCH, PUSCH, msg3 can be considered for coverage evaluation in RedCap SI, any other channels is not needed.
Proposal 2: In urban scenario, in addition to TDD band, some FDD band should also be considered for coverage evaluation in RedCap SI.
Proposal 3: For the target data rate of PDSCH and PUSCH, in addition to the values discussed in R17 CE SI, the reference bitrate defined for RedCap use cases should also be considered for coverage evaluation in RedCap SI, such as 5Mbps for PDSCH, 2Mbps for PUSCH.
Proposal 4: Performance enhancements could be considered for NR RedCap UEs, such as BWP switching in a larger bandwidth, DMRS overhead reduction for stationary UEs and UEs with limited mobility, DCI size reduction for DL and SUL for UL.
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Appendix 
A.1. Link level simulation assumption for coverage evaluation
The general system assumptions and link level simulation for coverage evaluation is provided in Table A1-1~ Table A1-8.
Table A1-1: General system assumptions for NR legacy and NR RedCap
	Scenario
	FR1, Urban
	FR1, Urban
	FR1, Urban
	FR1, Urban
	FR1, Rural

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

	SCS
	30 kHz
	30 kHz
	15 kHz
	15 kHz
	15 kHz

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

	gNB total transmit power(dBm)
	53
	53
	46
	46
	46

	UE power class
	Class 3
	Class 3
	Class 3
	Class 3
	Class 3

	# of gNB TX/RX antenna elements
	192
	192
	128
	16
	16

	# of gNB TX/RX antenna port
	4
	4
	4
	4
	4

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

	UE antenna correlation
	Low
	Low
	Low
	Low
	Low

	Delay spread
	300 ns
	300 ns
	300 ns
	300 ns
	300 ns

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



Table A1-2. Simulation parameter setting for PUSCH eMBB 
	scenario
	Channel model
	Delay spread
	DMRS configuration
	Moving speed
	Scheduled PRB
	MCS
	TBS

	Urban(O2I)  4GHz (TDD) 
	TDL-C
	300ns
	1 FL
	3 km/h
	1Mbps:30
2Mbps:30
	1Mbps:3
2Mbps:6
	1Mbps:2280
2Mbps:4096

	Urban(O2I)  2.6GHz (TDD) 
	TDL-C
	300ns
	1 FL
	3 km/h
	1Mbps:30
2Mbps:30
	1Mbps:3
2Mbps:6
	1Mbps:2280
2Mbps:4096

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	1Mbps:15
2Mbps:15
	1Mbps:3
2Mbps:7
	1Mbps:1160
2Mbps:2408

	Urban(O2I) 
700 MHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	1Mbps:15
2Mbps:15
	1Mbps:3
2Mbps:7
	1Mbps:1160
2Mbps:2408

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	128kbps:4
1Mbps:15
2Mbps:15
	128kbps:0
1Mbps:3
2Mbps:7
	128kbps:128
1Mbps:1160
2Mbps:2408

	Other parameters
	· Metric: 10% BLER for eMBB 
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetition, No retransmission, No frequency hopping
· 14OS
· TDD frame structure: DDDDSUDDSUU for 4GHz
                                    DDDDDDDDSUU for 2.6GHz
· Precoding cycling



Table A1-3. Simulation parameter setting for PUCCH format1
	scenario
	Channel model
	Delay spread
	Scheduled PRB
	Performance metric

	Urban(O2I)  
4GHz (TDD) 
	TDL-C
	300ns
	1
	NACK to ACK 0.1%
DTX to ACK 1%
ACK missed 1%


	Urban(O2I)  
2.6GHz (TDD) 
	TDL-C
	300ns
	1
	

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	1
	

	Urban(O2I) 
700 MHz (FDD)
	TDL-C
	300ns
	1
	

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	1
	

	Other parameters
	· Payload size: 2 bits
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetitions, No retransmissions 
· 14 OS scheduled
· Frequency hopping: enabled



Table A1-4. Simulation parameter setting for PUCCH format3
	scenario
	Channel model
	Delay spread
	Scheduled PRB
	Performance metric

	Urban(O2I)  
4GHz (TDD) 
	TDL-C
	300ns
	1
	CSI : 10%

	Urban(O2I)  
2.6GHz (TDD) 
	TDL-C
	300ns
	1
	

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	1
	

	Urban(O2I) 
700 MHz (FDD)
	TDL-C
	300ns
	1
	

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	1
	

	Other parameters
	· Payload size: 22 bits
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetitions, No retransmissions 
· 14 OS scheduled 
· Frequency hopping: enabled
· DMRS configuration: 2 symbol



Table A1-5. Simulation parameter setting for Msg3
	scenario
	Channel model
	Delay spread
	Moving speed
	DMRS configuration
	TBS

	[bookmark: _Hlk46471177]Urban(O2I)  
4GHz (TDD) 
	TDL-C
	300ns
	3 km/h
	1 FL+2 Add
	56bits

	Urban(O2I)  2.6GHz (TDD) 
	TDL-C
	300ns
	3 km/h
	
	

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	3 km/h
	
	

	Urban(O2I) 
700 MHz (FDD)
	TDL-C
	300ns
	3 km/h
	
	

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	3 km/h
	
	

	Other parameters
	· Metric: 10% BLER
· Scheduled PRB: 2
· MCS 0
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetition, No retransmission, No frequency hopping
· 14 OS
· Frequency hopping: disabled
· Precoding cycling



Table A1-6. Simulation parameter settings for PDSCH of NR legacy UE
	Scenario
	Channel model
	Delay spread
	DMRS configuration
	Moving speed
	Scheduled PRB
	MCS
	TBS

	Urban(O2I)  
4GHz (TDD) 
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 271
5Mbps:136
	10Mbps: 0
5Mbps: 0
	10Mbps:8456
5Mbps:4224

	Urban(O2I)  2.6GHz (TDD) 
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 241
5Mbps: 121
	10Mbps: 0
5Mbps: 0
	10Mbps: 7296
10Mbps:3752

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 97
5Mbps: 86
	10Mbps: 6
5Mbps: 3
	10Mbps:11272
5Mbps:5632

	Urban(O2I) 
700 MHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 97
5Mbps: 86
	10Mbps: 6
5Mbps: 3
	10Mbps:11272
5Mbps:5632

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	5Mbps: 86
	5Mbps: 3
	5Mbps:5632

	Other parameters
	· Metric: 10% BLER
· Antenna number: 4T4R for TDD, 4T2R for FDD
· CP-OFDM
· No repetition, No retransmission, No interleaving
· 12OS 
· Precoding cycling



Table A1-7. Simulation parameter settings for PDSCH of NR RedCap UE
	Scenario
	Channel model
	Delay spread
	DMRS configuration
	Moving speed
	Scheduled PRB
	MCS
	TBS

	Urban(O2I)  
4GHz (TDD) 
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 48
5Mbps: 44
	10Mbps: 9
5Mbps: 5
	10Mbps: 8456
5Mbps: 4224

	Urban(O2I)  2.6GHz (TDD) 
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 50
5Mbps: 45
	10Mbps: 7
5Mbps: 4
	10Mbps: 7296
5Mbps: 3624

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 97
5Mbps: 86
	10Mbps: 6
5Mbps: 3
	10Mbps:11272
5Mbps:5632

	Urban(O2I) 
700MHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	10Mbps: 97
5Mbps: 86
	10Mbps: 6
5Mbps: 3
	10Mbps:11272
5Mbps:5632

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	1 FL
	3 km/h
	5Mbps: 86
	5Mbps: 3
	5Mbps:5632

	Other parameters
	· Metric: 10% BLER
· Antenna number: 4T2R/4T1R for TDD, 4T1R for FDD
· CP-OFDM
· No repetition, No retransmission, No interleaving
· 12OS 
· Precoding cycling



Table A1-8. Simulation parameter setting for PDCCH
	Scenario
	Channel model
	Delay spread
	Moving speed
	DCI payload

	Urban(O2I)  
4GHz (TDD) 
	TDL-C
	300ns
	3 km/h
	64 bits (including 24 bits CRC) 

	Urban(O2I)  
2.6GHz (TDD) 
	TDL-C
	300ns
	3 km/h
	

	Urban(O2I) 
2 GHz (FDD)
	TDL-C
	300ns
	3 km/h
	

	Urban(O2I) 
700 MHz (FDD)
	TDL-C
	300ns
	3 km/h
	

	Rural (O2I) 
700MHz (FDD)
	TDL-C
	300ns
	3 km/h
	

	Other parameters
	· Metric: 1% BLER
· AL=16
· CORESET: 2 symbols & 48 PRBs
· Antenna number: 4T4R/4T2R/4T1R for TDD
4T2R/4T1R for FDD
· REG bundle size: 6 REGs
· CCE-to-REG mapping type: interleaved
· CORESET interleaver size: 2 REG bundles
· Precoding cycling



A.2. On required SINR of different channels for coverage evaluation
The required SINRs for link budget are provided in Table A2-1, Table A2-2 and Table A2-3.
Table A2-1: Required SINR for UL channels
	Required SNR (dB)
	PUSCH 
	PUCCH
	Msg3

	
	128kbps
	1Mbps
	2Mbps
	format1
	format3
	No retrans

	Urban(O2I)
TDD (7:3) 4GHz
	-
	-4.56
	-1.58
	-10.38
	-7.98
	-6.43

	Urban (O2I)
TDD(8:2) 2.6GHz
	-
	-3.48
	0.84
	-10.30
	-8.04
	-6.38

	Urban (O2I)
FDD 2GHz
	-
	-3.78
	0.75
	-10.52
	-8.10
	-6.35

	Urban (O2I)
FDD 700MHz
	-
	-3.84
	0.65
	-10.30
	-8.05
	-5.81

	Rural (O2I)
FDD 700MHz
	-5.3
	-3.84
	0.65
	-10.30
	-8.05
	-5.81



Table A2-2: Required SINR for PDSCH
	Required SNR (dB)
	10Mbps
	5Mbps

	
	4T4R
	4T2R
	4T1R
	4T4R
	4T2R
	4T1R

	Urban(O2I)  
TDD (7:3) 4GHz
	-7.47
	4.93
	10.71
	-7.47
	0.66
	5.18

	Urban (O2I)  
TDD(8:2) 2.6GHz
	-7.48
	2.82
	7.89
	-7.48
	-0.14
	4.20

	Urban (O2I) 
FDD 2GHz
	-
	1.69
	6.30
	-
	-1.45
	2.65

	Urban (O2I) 
FDD 700MHz
	-
	-1.56
	2.51
	-
	-1.46
	2.51

	Rural (O2I) 
FDD 700MHz
	-
	-
	-
	-
	-1.46
	2.51



Table A2-3: Required SINR for PDCCH
	Required SNR (dB)
	PDCCH

	
	4T4R
	4T2R
	4T1R

	Urban(O2I)  
TDD (7:3) 4GHz
	-11.25
	-8.27
	-4.78

	Urban (O2I)  
TDD(8:2) 2.6GHz
	-11.23
	-8.19
	-5.11

	Urban (O2I) 
FDD 2GHz
	-
	-8.43
	-4.89

	Rural (O2I) 
FDD 700MHz
	-
	-8.23
	-4.88

	Rural (O2I) 
FDD 700MHz
	-
	-8.23
	-4.88


A.3. System level simulation assumptions for downlink SE evaluation
The simulation assumptions of system level simulation for downlink spectrum efficiency evaluation are provided in Table A3-1.
Table A3-1. The simulation assumption of link level simulation for PDSCH
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	200 m(Dense Urban)、1732 m(rural)

	Carrier frequency
	Dense Uran:2.6 GHz (TDD)
Rural:700 MHz (FDD)

	Cell bandwidth
	20 MHz

	BWP  bandwidth
	20 MHz

	SCS 
	30 kHz for TDD
15 kHz for FDD

	Channel model 
	3DUma for DU、3DRma for Rural

	UE Transmit power
	23 dBm

	BS antenna configuration
	192*
(M,N,P,Mg,Ng;Mp,Np)
= (12,8,2,1,1;1,1) for  2.6GHz TDD
64*
(M,N,P,Mg,Ng;Mp,Np)
= (4,8,2,1,1;1,1) for 700MHz FDD

	BS TRxU configuration
	32 TRxU for 2.6GHz TDD
16 TRxU for 700MHz FDD

	UE antenna configuration
	TDD:
1T4R for NR legacy UE
1T2R /1T1R for NR RedCap UE
FDD:
1T2R for NR legacy UE
1T1R for NR RedCap UE

	UE antenna gain(dBi)
	0 for NR legacy UEs and NR RedCap UEs

	Number of UEs per cell
	10

	CP/DFT-S-OFDM
	CP-OFDM

	SU/MU-MIMO
	MU-MIMO

	Codebook/Non-codebook
	Codebook

	Frame structure for TDD
	DDDDDDDSUU & S=6:4: 4   for 2.6GHz

	DMRS configuration
	Type1 with 1front DMRS + 1symbol additional DMRS
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