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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#109-e meeting, following conclusions and agreements were made for simulation needs and assumptions [1]:
	Evaluation of other aspects than coverage impact
Conclusion:
· SLS evaluation for network capacity and spectral efficiency is not conducted in Rel-18 RedCap SI.
Agreement:
· Following evaluations are not conducted in Rel-18 RedCap SI
· Latency
· Throughput
· Power saving gain
Conclusion:
· Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI

Evaluation of coverage impact

Agreement:
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of reference UE and Rel-17 RedCap UE.
· Note: It is up to each company whether to reuse the LLS results
Agreement:
· For coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.
 Agreement:
· For coverage evaluation of Rel-17 and Rel-18 RedCap UEs, only 1 Rx branch is assumed.
· Note: it does not mean that 2Rx is precluded for Rel-18 RedCap UE
 Agreement:
· 3dB antenna efficiency loss can be optionally assumed for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
Agreement:
· At least the option of RF+BB BW reduction to 5MHz is considered for coverage evaluation
· FFS whether/which other options are also considered
· FFS which DL/UL Channels of all the DL/UL channels are evaluated
Agreement:
· The LLS results of the option of “RF+BB BW reduction to 5MHz for all DL/UL channels” can be reused for the coverage evaluation of other BW reduction options, if applicable.
Agreement:
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following parameters are used.
	Parameters
	FR1 values

	UE bandwidth
	Rural: 5 MHz (25 PRBs, 15 kHz SCS)
Urban: 5 MHz (11 PRBs or 12 PRBs (optional), 30 kHz SCS)


· Note: Rural scenario at 0.7 GHz, Urban scenario at 2.6 GHz, and Urban scenario at 4 GHz (optional) are considered.
Agreement:
· For coverage evaluation in Urban scenario at 4 GHz, DL PSD 33 dBm/MHz is baseline and DL PSD 24 dBm/MHz is optional.
Agreement:
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, target data rates are
· FR1 Rural: 250 kbps on DL and 25 kbps in UL
· FR1 Urban: 500 kbps on DL and 250 kbps in UL
· Note: The target data rates are the scaled value in the Rel-17 RedCap SI by a factor of 0.25
 Agreement:
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
· SIB1
· PBCH
· PDCCH CSS
· [Msg4]
· Following channels can be optionally evaluated
· PUSCH
· PUCCH 2bits
· PUCCH 11bits
· PUCCH 22bits
· PRACH
· PDSCH
· PDCCH USS
· Msg2
· Msg3
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” by default, except for, UE bandwidth, cell edge data rate, and small form factor degradation 
· FFS which evaluation assumption should be updated for the above channels

Agreement:
· For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, followings are assumed
· Opt1: SIB1 BW is larger than 5MHz, e.g., 48PRB 
· The UE can receive a part of SIB1 PDSCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· Opt2: SIB1 BW is within 5MHz
· A TBS of 1256 bits (other size is not precluded)
Note: whether interleaving mapping is assumed depends on companies’ report

 Agreement:
· For PDCCH CSS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed
·  Opt1: CORESET BW is larger than 5MHz
· The UE can receive a part of PDCCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· For 15/30kHz SCS, CORESET size is 2 symbols and 48 PRBs, AL is 16.
· For 30kHz SCS, CORESET size is 2 symbols and 24 PRBs, AL is 8.  Other configurations are also not precluded
·  Opt2: CORESET BW is within 5MHz
· For 15kHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30kHz SCS,
·  Opt2-1: CORESET size is 3 symbols and 6 PRBs, AL is 2.  Other configurations are also not precluded
·  Opt2-2: CORESET size is 3 symbols and 12 PRBs, AL is 4

Agreement:
· For at least PDCCH USS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed
· For 15KHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30KHz SCS,
· Opt1: CORESET size is 3 symbols and 6 PRBs, AL is 2 (baseline)
· Opt2: CORESET size is 3 symbols and 12 PRBs, AL is 4 (optional)
Other configurations are also not precluded

Agreement:
· Coverage of Msg4 can be optionally evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
 
Agreement:
· For Msg4 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, a TBS of 1040 bits is assumed
· a TBS smaller than 1040 bits can be optionally evaluated and reported by each company.

Agreement:
· For Msg2 coverage evaluation of reference UE, Rel-17 RedCap UE, and Rel-18 RedCap UE, A TBS of 72 bits is assumed.

Agreement:
· For PRACH coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, Format 0 is used for Rural scenario and Format B4 is used for Urban scenario
· Format C2 can be used optionally.
 


In this contribution, we provide simulation results and analysis for coverage for the option of RF+BB BW reduction to 5MHz.
2. Coverage evaluations for 5MHz RF+BB BW
It was agreed to evaluate the coverage for Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz for DL/UL channels. In the following, we provide the coverage evaluation assumptions, evaluation results and analysis for PBCH, PDCCH CSS associated to CORESET#0 and SIB1.
2.1 Coverage evaluation for PBCH
For NR, the BW occupied by PBCH is 20PRBs, i.e., 4MHz for 15KHz SCS and 7.2 MHz for 30 kHz SCS. For Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz, for 15KHz SCS, there is no coverage loss compared to Rel-17 RedCap. However, for 30KHz SCS, Rel-18 eRedCap UE is not able to receive the whole PBCH at one time and needs to puncture the PRBs that fall outside of its Rx bandwidth, which results in coverage degradation. 
To compensate the coverage loss if needed, one possible solution is that the eRedCap UE receives partial PBCH with different 5MHz across multiple times as shown in Figure 1. Since the SSB transmission is repeated in nature with default 20ms periodicity for initial cell selection, this solution is expected to have small specification impact. 
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Figure 1: Example of UE combining four partial PBCH receptions with different 5MHz for 30KHz SCS
To check the coverage performance for one-time partial PBCH reception and multi-time partial PBCH receptions with different 5MHz for 30KHz SCS, link-level simulations are conducted for following cases:
· Case 1: One-time PBCH full reception for Rel-17 RedCap UE.
· Case 2: One-time PBCH partial reception for Rel-18 eRedCap UE.
· Rel-18 eRedCap UE only receives partial PBCH (11 or 12 PRBs) that is confined within 5MHz.
· Case 3: Four-time PBCH partial receptions for Rel-18 eRedCap UE.
· Case 4: Four-time PBCH full receptions for Rel-17 RedCap UE.
The corresponding simulation results are shown in the Figure 2 for 2.6GHz with 11 PRBs and Figure 3 for 4GHz with 11 PRBs and DL PSD of 33 dBm/MHz.
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Figure 2: The BLER Performance of PBCH (2.6GHz@30KHz, with 5MHz of 11PRBs)
[image: ]
Figure 3: The BLER Performance of PBCH (4.0GHz@30KHz, with 5MHz of 11PRBs)
As shown in Figure 2 and Figure 3, it is observed that for PBCH transmission with 10% BLER, compared with the case of one-time PBCH full reception, puncturing due to UE BW reduction results in about 5.8dB and 5.5dB performance loss for 2.6GHz and 4GHz. If Rel-18 UE combines four times partial PBCH receptions, there is about 3.9dB and 4.3dB performance gain respectively. It is also observed that compared to four-time PBCH full receptions, there are 2.1dB and 2.0dB performance loss for four-time PBCH partial receptions for 2.6GHz and 4GHz.
For PBCH transmission with 1% BLER in Figure 2 and Figure 3, compared to one-time PBCH full reception, more performance degradation (i.e., 7.3dB and 7.5dB respectively) for one-time PBCH partial reception. There is about 5.0dB and 5.4dB performance gain respectively if Rel-18 UE combines four times partial PBCH receptions. Besides, compared to four-time PBCH full receptions, there are 2.3dB performance loss for four-time PBCH partial receptions for 2.6GHz and 4GHz.
Observation 1: For 700MHz with 15KHz SCS scenario, coverage performance is the same for Rel-17 RedCap UE and Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz since 5MHz BW can cover the entire BW occupied by SSB. 
Observation 2: For 2.6GHz and 4.0GHz with 30KHz SCS scenarios,
· Large performance degradation (i.e., 5.8dB and 5.5dB SNR loss respectively for 10% BLER, 7.3dB and 7.5dB SNR loss respectively for 1% BLER) for one-time PBCH partial reception compared to one-time PBCH full reception.
· PBCH performance can be largely improved (i.e., 3.9dB and 4.3dB SNR gain respectively for 10% BLER, 5.0dB and 5.4dB SNR gain respectively for 1% BLER) for combining (4 times) different part of PBCH repetitions compared to one-time PBCH full reception.
· UE one-time PBCH partial reception using 10% BLER achieves better performance than UE one-time PDCCH partial reception using 1% BLER
2.2 Coverage evaluation for PDCCH CSS 
Based on the agreements made in the last meeting, for PDCCH CSS coverage evaluation, the associated CORESET, i.e., CORESET#0 BW should consider both being within 5MHz and exceeding 5MHz. According to the current specification, the CORESET#0 BW can be configured with 24, 48 or 96 RBs for 15 kHz SCS and 24 or 48 RBs for 30 kHz SCS. Therefore, except the configuration of 24 RB with 15 kHz SCS, other configurations results in the CORESET#0 BW beyond 5MHz. Since inter-leaver is always used for CORESET#0, for CORESET#0 BW larger than 5MHz, Rel-18 eRedCap UE with RF BW of 5MHz can only receive partial PDCCH, resulting coverage degradation. 
To support all existing CORESET#0 configurations with comparable performance as achieved by Rel-17 RedCap UE, similar approach used for PBCH reception, i.e., eRedCap UE receives and combines the PDCCH repetitions using CORESET#0 multiple times can be considered. One example is shown in Figure 4 for 30KHz SCS. Rel-17 MTRP PDCCH repetition mechanism can be extended to PDCCH associated with CORESET#0 for this case. However, this solution requires the network to ensure that the PDCCH candidates for the PDCCH repetitions have the same AL and candidate index, such restriction may also result in PDCCH blocking. 
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Figure 4: Example of UE combining two partial PDCCH receptions with different 5MHz
On the other hand, dedicated CORESET#0 configuration that confined within 5MHz for Rel-18 eRedCap can be considered. For example, smaller number of RB (e.g., 12 RBs for 30KHz SCS) and/or lower AL (e.g., AL2 for 30KHz) can be used. However, large specification impact would be expected. In the following, we conduct link-level simulations to check the coverage performance for PDCCH CSS associated with CORESET#0. Table 1 summarizes the simulation assumptions and UE reception behaviors for different configuration cases. 
Table 1. Simulation assumptions for CORESET#0 with different configurations
	PDCCH CSS associated with CORESET#0

	
	CORESET BW > 5MHz
	CORESET BW <= 5MHz

	
	CORESET size
	AL
	CORESET size
	AL

	700MHz@SCS=15KHz
	2 symbols, 
48PRBs
	16
	3 symbols,
24 PRBs
	8

	2.6GHz or 4.0GHz @SCS=30KHz
	2 symbols, 
48PRBs
	16
	3 symbols, 
12PRBs 
	4

	
	2 symbols, 
24 PRBs
	8
	3 symbols, 
8 PRBs
	2

	UE behaviors
	· Rel-17 RedCap UE receives the entire PDCCH
· Rel-18 eRedCap UE, 
· Alt.1: receives partial PDCCH 
· Alt.2: receives and combines different partial PDCCHs
	· For 15KHz SCS, Rel-17 RedCap UE and Rel-18 eRedCap receive the entire PDCCH
· For 30KHz SCS, Rel-18 eRedCap receives the entire PDCCH



The simulation results for 700MHz are shown in the Figure 5 and 6. For 2.4GHz assuming 5MHz BW with 11 PRBs are shown in Figure 7, 8 and 9; For 2.4GHz assuming 5MHz BW with 12PRBs are shown in Figure 10, 11, 12 and 13. The simulation results for 4GHz can be found in Appendix. 
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Figure 5: The BLER Performance of PDCCH (700MHz@15KHz, with 5MHz of 25PRBs, 
CORESET#0 with AL=16, 2symbols, 48PRBs)
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[bookmark: OLE_LINK4]Figure 6: The BLER Performance of PDCCH (700MHz@15KHz, with 5MHz of 25PRBs, 
CORESET#0 with AL=8, 3symbols, 24PRBs)
As shown in Figure 5, for CORESET#0 with AL=16, compared with the case of one-time PDCCH full reception with 1% BLER, there is about 2.9dB performance loss for the case of one-time PDCCH partial reception. When Rel-18 UE combines two times PDCCH repetitions, slight performance gain can be achieved.
For CORESET#0 with AL=8, Rel-18 UE can receive whole PDCCH without puncturing at one time, which causes no performance loss, shown in Figure 6. 
Observation 3: For 700MHz with 15KHz SCS scenario, 
· CORESET#0 with AL=16, compared to one-time PDCCH full reception, performance degradation (i.e., 2.9dB SNR loss) exists for one-time PDCCH partial reception, and similar performance can be achieved for UE combining two partial PDCCH repetitions with different 5MHz.
· CORESET#0 with AL=8, the performance is no difference between Rel-17 RedCap UE and Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz since 5MHz BW can cover the entire BW occupied by CORESET#0. 
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Figure 7: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 11PRBs, 
CORESET#0 with AL=16, 2symbols, 48PRBs)
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Figure 8: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 11PRBs, 
CORESET#0 with AL=8, 2symbols, 24PRBs)
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Figure 9: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 11PRBs, 
CORESET#0 with AL=2, 3symbols, 8PRBs)
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Figure 10: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 12PRBs, 
CORESET#0 with AL=16, 2symbols, 48PRBs)
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Figure 11: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 12PRBs, 
CORESET#0 with AL=8, 2symbols, 24PRBs)
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Figure 12: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 12PRBs, 
CORESET#0 with AL=2, 3symbols, 8PRBs)
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Figure 13: The BLER Performance of PDCCH (2.6GHz@30KHz, with 5MHz of 12PRBs, 
CORESET#0 with AL=4, 3symbols, 12PRBs)
As shown in Figure 7 and Figure 10, compared with the case of one-time PDCCH full reception with 1% BLER, there is about 7.9dB and 7.5dB performance loss for the case of one-time PDCCH partial reception respectively. For achieving no performance loss, Rel-18 UE needs to combine four times PDCCH repetitions. Similarly, as shown in Figure 8 and Figure 11, there is about 7dB and 5.9dB performance loss for one-time PDCCH partial reception compared to one-time PDCCH full reception respectively, and there is no performance loss if Rel-18 UE combines two times PDCCH repetitions.
[bookmark: _Hlk110863768]Comparing Figure 7 with Figure 10 and Figure 8 with Figure 11, the required SNR at 1% BLER target when UE receives partial PDCCH using 12PRBs is 0.43dB and 1.12dB lower than the case that UE receives partial PDCCH using 11PRBs respectively.
For dedicated CORESET#0 configuration (i.e., AL=2) in Figure 9 and Figure 12, though Rel-18 UE can be able to receive full PDCCH at one time, the required SNR for target BLER is even higher than the case of PDCCH partial reception with high AL (i.e., AL=16 and 8).
For dedicated CORESET#0 configuration (i.e., AL=4) in Figure 13, the performance is similar with one-time PDCCH partial reception with AL16, and better (i.e., 1.71dB SNR gain) than one-time PDCCH partial reception with AL8.
Comparing dedicated CORESET#0 configuration in Figure 12 and Figure 13, the required SNR decreases with AL level, i.e., 4.86dB difference between AL2 and AL4.
Observation 4: For 2.6GHz with 30KHz scenario,
· CORESET#0 with AL=8 and 16, large performance degradation (about 6~8dB SNR loss) for one-time PDCCH partial reception compared to one-time PDCCH full reception.
· CORESET#0 with AL=8, similar performance can be achieved for UE combining two partial PDCCH repetitions with different 5MHz compared to one-time PDCCH full reception.
· CORESET#0 with AL=16, similar performance can be achieved for UE combining more times (i.e., 4 times) partial PDCCH repetitions with different 5MHz compared to one-time PDCCH full reception.
· CORESET#0 with AL=8 or 16 (for CORESET#0 BW>5MHz), UE one-time PDCCH partial reception using 12PRBs achieves better performance than UE one-time PDCCH partial reception using 11PRBs.
· dedicated CORESET#0 with AL=2, the performance is even worse (about 2~5dB SNR loss) than the case of one-time PDCCH partial reception with AL=8 and 16.
· dedicated CORESET#0 with AL=4, the performance is similar with UE one-time PDCCH partial reception with AL=16 and better than UE one-time PDCCH partial reception with AL=8. 
· dedicated CORESET#0 with AL=4 and 2, the performance becomes worse as AL decreases.
2.3 Coverage evaluation for SIB1
Based on the agreements made in the last meeting, the SIB1 configuration, i.e., SIB1 BW should consider both being within 5MHz and exceeding 5MHz. For SIB1 BW larger than 5MHz, Rel-18 eRedCap UE with RF BW of 5MHz can only receive partial SIB1 that is confined within 5MHz, resulting coverage degradation. To support such SIB1 configurations, similar approach as used for PBCH reception, i.e., eRedCap UE receives and combines the SIB1 repetitions multiple times. One example is shown in Figure 14. Since the SIB1 transmission is repeated in nature with default 20ms periodicity, this solution is expected to have small specification impact. However, this solution requires the network to ensure the same TBS for the multi SIB1 transmissions and the multi SIB1 can be associated with the same or different SSBs. For SIB1 BW confined within 5MHz, Rel-18 UE can be able to receive entire SIB1. In the following, we conduct link-level simulations to check the coverage performance for SIB1 transmission with non-interleaved resource mapping. Table 2 summarizes the simulation assumptions and UE reception behaviors for different configuration cases.
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Figure 14: Example of UE combining two partial SIB1 receptions with different 5MHz
Table 2. Simulation assumptions for SIB1 with different configurations
	SIB1

	
	SIB1 PDSCH BW > 5MHz
	SIB1 PDSCH BW <= 5MHz

	
	MCS
	N_PRB N, Tx Length L,
Start symbol S
	MCS
	N_PRB N, Tx Length L,
Start symbol S

	700MHz@SCS=15KHz
	1
	N=38, L=12, S=2 
	5
	N=20, L=10, S=3

	2.6GHz@SCS=30KHz
or
4.0GHz@SCS=30KHz
	4
	N=19, L=12, S=2
	8
	N=11, L=11, S=3

	UE behaviors
	· Rel-17 RedCap UE receives entire SIB1
· Rel-18 eRedCap UE, 
· Alt.1: receives partial SIB1
· Alt.2: receives and combines different partial SIB1
	· Rel-17 RedCap UE and Rel-18 eRedCap UE receive entire SIB1

	DMRS
	Front-loaded DM-RS of configuration type 1 on DM-RS port 1000 with two additional DM-RS symbols on symbol 7 and 11 (Symbol index starts from 0)



The simulation results for 700MHz are shown in the Figure 15 and 16; for 2.4GHz assuming 5MHz BW with 11 PRBs are shown in Figure 17 and 18; for 2.4GHz assuming 5MHz BW with 12PRBs are shown in Figure 19 and 20. The simulation results for 4GHz can be found in Appendix.
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Figure 15: The BLER Performance of SIB1 (700MHz@15KHz, with 5MHz of 25PRBs, 
SIB1 with MCS=1, 12symbols, 38PRBs)
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Figure 16: The BLER Performance of SIB1 (700MHz@15KHz, with 5MHz of 25PRBs, 
SIB1 with MCS=5, 10symbols, 20PRBs)
As shown in Figure 15, for SIB1 with MCS=1, there is about 2.67dB performance loss for the case of one-time SIB1 partial reception compared to the case of one-time SIB1 full reception with 10% BLER. There is no performance loss if Rel-18 UE combines two times partial SIB1 receptions.  
For SIB1 with MCS=5, Rel-18 UE can receive whole SIB1 without puncturing at one time, which causes no performance loss, shown in Figure 16. 
For the case that UE receives full SIB1, increasing the MCS from 1 to 5 results in 5.62dB performance loss at 10% BLER target. Besides, compared to the case that UE receives partial SIB1 with MCS=1, the performance is even about 2.95dB worse for the case that UE receives full SIB1 when the MCS is 5.
 [image: ]
Figure 17: The BLER Performance of SIB1 (2.6GHz@30KHz, with 5MHz of 11PRBs, 
SIB1 with MCS=4, 12symbols, 19PRBs)
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Figure 18: The BLER Performance of SIB1 (2.6GHz@30KHz, with 5MHz of 11PRBs, 
SIB1 with MCS=8, 11symbols, 11PRBs)
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Figure 19: The BLER Performance of SIB1 (2.6GHz@30KHz, with 5MHz of 12PRBs, 
SIB1 with MCS=4, 12symbols, 19PRBs)
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Figure 20: The BLER Performance of SIB1 (2.6GHz@30KHz, with 5MHz of 12PRBs, 
SIB1 with MCS=8, 11symbols, 11PRBs)
 As shown in Figure 17 and Figure 19, for SIB1 with MCS=4, there is about 4.77dB and 3.79dB performance loss for the case of one-time SIB1 partial reception compared to the case of one-time SIB1 full reception with 10% BLER, respectively. There is no performance loss if Rel-18 UE combines two times partial SIB1 receptions.  
For SIB1 with MCS=8, Rel-18 UE can receive whole SIB1 without puncturing, which causes no performance loss, shown in Figure 18 and Figure 20. 
Comparing Figure 17 with Figure 19, the performance for the case that UE receives partial SIB1 using 12PRBs is 0.98dB better than the case that UE receives partial PDCCH using 11PRBs. Besides, comparing Figure 17 with Figure 18 and Figure 19 with Figure 20, the performance for the case that UE receives full SIB1 with MCS=8 is about 0.39dB and 1.37dB worse than the case that UE receives partial SIB1 with MCS=4, respectively.
Observation 5: For SIB1 BW> 5MHz, 
· Small or large performance degradation depending on the MCS for one-time SIB1 partial reception compared to one-time SIB1 full reception or combining two times different part of SIB1 reception.
· Similar performance can be achieved between one-time SIB1 full reception and combining two times different part of SIB1 reception.
· UE one-time SIB1 partial reception using 12PRBs achieves better performance than UE one-time SIB1 partial reception using 11PRBs
Observation 6: The performance for one-time partial SIB1 reception (for SIB1 BW> 5MHz) using smaller MCS can be better than for one-time full SIB1 reception (for SIB1 BW<= 5MHz) using larger MCS.
3. Coverage results summary 
3.1 For PBCH



Table 3. PBCH coverage results
	
	Case name
	Required SNR (dB) 
at 10% BLER
	Required SNR (dB) 
at 1% BLER

	700MHz@15KHz, with 5MHz of 25PRBs
	Case 1: One-time PBCH full reception for Rel-17 RedCap UE or
Case 2: One-time PBCH full reception for Rel-18 eRedCap UE
	-2.13
	1.58

	
	

	2.6GHz@30KHz, 
with 5MHz of 11PRBs
	Case 1: One-time PBCH full reception for Rel-17 RedCap UE
	-2.12
	1.45

	
	Case 2: One-time PBCH partial reception for Rel-18 eRedCap UE
	3.63
	8.75 

	
	Case 3: Four-time PBCH partial receptions for Rel-18 eRedCap UE
	-6.04
	-3.83 

	
	Case 4: Four-time PBCH full receptions for Rel-17 RedCap UE
	-8.16
	-6.15 

	
	

	2.6GHz@30KHz, 
with 5MHz of 12PRBs

	Case 1: One-time PBCH full reception for Rel-17 RedCap UE
	-2.12
	1.45 

	
	Case 2: One-time PBCH partial reception for Rel-18 eRedCap UE
	3.48
	10.75 

	
	Case 3: Four-time PBCH partial receptions for Rel-18 eRedCap UE
	-6.23
	-4.15 

	
	Case 4: Four-time PBCH full receptions for Rel-17 RedCap UE
	-8.16
	-6.15 

	
	

	4.0GHz@30KHz, 
with 5MHz of 11PRBs

	Case 1: One-time PBCH full reception for Rel-17 RedCap UE
	-1.69
	1.41 

	
	Case 2: One-time PBCH partial reception for Rel-18 eRedCap UE
	3.79
	8.94 

	
	Case 3: Four-time PBCH partial receptions for Rel-18 eRedCap UE
	-5.96
	-3.95 

	
	Case 4: Four-time PBCH full receptions for Rel-17 RedCap UE
	-8.02
	-6.25 



3.2 For PDCCH CSS
Table 4. PDCCH CSS coverage results
	
	Coreset size
	Case name
	Required SNR (dB)
at 1% BLER

	700MHz@15KHz,
with 5MHz of 25PRBs 
	2 symbols, 48PRBs, AL=16 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	-3.06

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	-0.12

	
	
	Case 3: Two-time PDCCH partial receptions for Rel-18 eRedCap UE
	-3.31

	
	

	
	3 symbols, 24PRBs, 
AL=8 < 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	0.92

	
	
	Case 2: One-time PDCCH full reception for Rel-18 eRedCap UE
	0.92

	

	2.6GHz@30KHz,
with 5MHz of 11PRBs 
	2 symbols, 48PRBs, AL=16 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	-2.80

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	5.17

	
	
	Case 3: Four-time PDCCH partial receptions for Rel-18 eRedCap UE
	-2.91

	
	

	
	2 symbols, 24PRBs, AL=8 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	0.17

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	7.16

	
	
	Case 3: Two-time PDCCH partial receptions for Rel-18 eRedCap UE
	0.14

	
	

	
	3 symbols, 8PRBs, 
AL=2 < 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	9.19

	
	
	Case 2: One-time PDCCH full reception for Rel-18 eRedCap UE
	9.19

	

	2.6GHz@30KHz，with 5MHz of 12PRBs 
	2 symbols, 48PRBs, AL=16 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	-2.80

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	4.74

	
	
	Case 3: Four-time PDCCH partial receptions for Rel-18 eRedCap UE
	-3.20

	
	

	
	2 symbols, 24PRBs, AL=8 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	0.17

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	6.04

	
	
	Case 3: Two-time PDCCH partial receptions for Rel-18 eRedCap UE
	-0.03

	
	

	
	3 symbols, 12PRBs, 
AL=4 = 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	4.33

	
	
	Case 2: One-time PDCCH full reception for Rel-18 eRedCap UE
	4.33

	
	

	
	3 symbols, 8PRBs, 
AL=2 < 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	9.19

	
	
	Case 2: One-time PDCCH full reception for Rel-18 eRedCap UE
	9.19

	

	4.0GHz@30KHz，with 5MHz of 11PRBs

	2 symbols, 48PRBs, AL=16 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	-2.72

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	5.63

	
	
	Case 3: Four-time PDCCH partial receptions for Rel-18 eRedCap UE
	-2.95

	
	

	
	2 symbols, 24PRBs, 
AL=8 > 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	0.43

	
	
	Case 2: One-time PDCCH partial reception for Rel-18 eRedCap UE
	7.12

	
	
	Case 3: Two-time PDCCH partial receptions for Rel-18 eRedCap UE
	0.19

	
	

	
	3 symbols, 8PRBs, 
AL=2 < 5MHz
	Case 1: One-time PDCCH full reception for Rel-17 RedCap UE
	9.19

	
	
	Case 2: One-time PDCCH full reception for Rel-18 eRedCap UE
	9.19



3.3 For SIB1
Table 5. SIB1 coverage results
	
	SIB1 configuration
	Case name
	Required SNR (dB)
at 10% BLER

	700MHz@15KHz,
with 5MHz of 25PRBs 
	MCS=1, 38PRBs, 
Tx length=12, 
Start symbol=2
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	-1.05

	
	
	Case 2: One-time SIB1 partial reception for Rel-18 eRedCap UE
	1.62

	
	
	Case 3: Two-time SIB1 partial receptions for Rel-18 eRedCap UE
	-1.06

	
	

	
	MCS=5, 20PRBs, 
Tx length=10, 
Start symbol=3
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	4.57

	
	
	Case 2: One-time SIB1 full reception for Rel-18 eRedCap UE
	4.57

	

	2.6GHz@30KHz,
with 5MHz of 11PRBs 
	MCS=4, 19PRBs, 
Tx length=12, 
Start symbol=2
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	2.86

	
	
	Case 2: One-time SIB1 partial reception for Rel-18 eRedCap UE
	7.63

	
	
	Case 3: Two-time SIB1 partial receptions for Rel-18 eRedCap UE
	2.83

	
	

	
	MCS=8, 11PRBs, 
Tx length=11, 
Start symbol=3
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	8.02

	
	
	Case 2: One-time SIB1 full reception for Rel-18 eRedCap UE
	8.02

	

	2.6GHz@30KHz
with 5MHz of 12PRBs 
	MCS=4, 19PRBs, 
Tx length=12, 
Start symbol=2
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	2.86

	
	
	Case 2: One-time SIB1 partial reception for Rel-18 eRedCap UE
	6.65

	
	
	Case 3: Two-time SIB1 partial receptions for Rel-18 eRedCap UE
	2.83

	
	

	
	MCS=8, 11PRBs, 
Tx length=11, 
Start symbol=3
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	8.02

	
	
	Case 2: One-time SIB1 full reception for Rel-18 eRedCap UE
	8.02

	

	4.0GHz@30KHz
with 5MHz of 11PRBs 
	MCS=4, 19PRBs, 
Tx length=12, 
Start symbol=2
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	2.82

	
	
	Case 2: One-time SIB1 partial reception for Rel-18 eRedCap UE
	7.65

	
	
	Case 3: Two-time SIB1 partial receptions for Rel-18 eRedCap UE
	2.74

	
	

	
	MCS=8, 11PRBs, 
Tx length=11, 
Start symbol=3
	Case 1: One-time SIB1 full reception for Rel-17 RedCap UE
	7.98

	
	
	Case 2: One-time SIB1 full reception for Rel-18 eRedCap UE
	7.98



4. Conclusion
This contribution provides simulation results and analysis on performance impacts from the UE bandwidth reduction to 5MHz for both RF and BB. The observations and proposals are summarized as following:
Observation 1: For 700MHz with 15KHz SCS scenario, coverage performance is the same for Rel-17 RedCap UE and Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz since 5MHz BW can cover the entire BW occupied by SSB. 
Observation 2: For 2.6GHz and 4.0GHz with 30KHz SCS scenarios,
· Large performance degradation (i.e., 5.8dB and 5.5dB SNR loss respectively for 10% BLER, 7.3dB and 7.5dB SNR loss respectively for 1% BLER) for one-time PBCH partial reception compared to one-time PBCH full reception.
· PBCH performance can be largely improved (i.e., 3.9dB and 4.3dB SNR gain respectively for 10% BLER, 5.0dB and 5.4dB SNR gain respectively for 1% BLER) for combining (4 times) different part of PBCH repetitions compared to one-time PBCH full reception.
· UE one-time PBCH partial reception using 10% BLER achieves better performance than UE one-time PBCH partial reception using 1% BLER
Observation 3: For 700MHz with 15KHz SCS scenario, 
· CORESET#0 with AL=16, compared to one-time PDCCH full reception, performance degradation (i.e., 2.9dB SNR loss) exists for one-time PDCCH partial reception, and similar performance can be achieved for UE combining two partial PDCCH repetitions with different 5MHz.
· CORESET#0 with AL=8, the performance is no difference between Rel-17 RedCap UE and Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz since 5MHz BW can cover the entire BW occupied by CORESET#0. 
Observation 4: For 2.6GHz with 30KHz scenario,
· CORESET#0 with AL=8 and 16, large performance degradation (about 6~8dB SNR loss) for one-time PDCCH partial reception compared to one-time PDCCH full reception.
· CORESET#0 with AL=8, similar performance can be achieved for UE combining two partial PDCCH repetitions with different 5MHz compared to one-time PDCCH full reception.
· CORESET#0 with AL=16, similar performance can be achieved for UE combining more times (i.e., 4 times) partial PDCCH repetitions with different 5MHz compared to one-time PDCCH full reception.
· CORESET#0 with AL=8 or 16 (for CORESET#0 BW>5MHz), UE one-time PDCCH partial reception using 12PRBs achieves better performance than UE one-time PDCCH partial reception using 11PRBs.
· dedicated CORESET#0 with AL=2, the performance is even worse (about 2~5dB SNR loss) than the case of one-time PDCCH partial reception with AL=8 and 16.
· dedicated CORESET#0 with AL=4, the performance is similar with UE one-time PDCCH partial reception with AL=16 and better than UE one-time PDCCH partial reception with AL=8. 
· dedicated CORESET#0 with AL=4 and 2, the performance becomes worse as AL decreases.
Observation 5: For SIB1 BW> 5MHz, 
· Small or large performance degradation depending on the MCS for one-time SIB1 partial reception compared to one-time SIB1 full reception or combining two times different part of SIB1 reception.
· Similar performance can be achieved between one-time SIB1 full reception and combining two times different part of SIB1 reception.
· UE one-time SIB1 partial reception using 12PRBs achieves better performance than UE one-time SIB1 partial reception using 11PRBs
Observation 6: The performance for one-time partial SIB1 reception (for SIB1 BW> 5MHz) using smaller MCS can be better than for one-time full SIB1 reception (for SIB1 BW<= 5MHz) using larger MCS.
5. References
1. Chairman Notes, 3GPP TSG RAN WG1 #109 e-meeting.
Appendix A1: Link-level Simulation Results
The rest of link-level simulation results for the different carrier frequency and SCS and channels are shown in the figures below.
A2.1	PBCH
A2.1.1 700MHz@15KHz, with 5MHz containing 25PRBs
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Figure 21: The BLER Performance of PBCH (700MHz@15KHz, with 5MHz of 25PRBs)
A2.1.2 2.6GHz@30KHz, with 5MHz containing 12PRBs
  [image: ]
Figure 22: The BLER Performance of PBCH (2.6GHz@30KHz, with 5MHz of 12PRBs)
A2.2	PDCCH CSS

A2.2.1 4.0GHz@30KHz, with 5MHz containing 11PRBs
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[bookmark: _Hlk110787926]Figure 23: The BLER Performance of PDCCH (4.0GHz@30KHz, with 5MHz of 11PRBs, 
CORESET#0 with AL=16, 2symbols, 48RBs)
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Figure 24: The BLER Performance of PDCCH (4.0GHz@30KHz, with 5MHz of 11PRBs, 
CORESET#0 with AL=8, 2symbols, 24RBs)
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Figure 25: The BLER Performance of PDCCH (4.0GHz@30KHz, with 5MHz of 11PRBs, 
CORESET#0 with AL=4, 3symbols, 12RBs)
A2.3	SIB1


A2.3.1 4.0GHz@30KHz, with 5MHz containing 11PRBs
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Figure 26: The BLER Performance of SIB1 (4.0GHz@30KHz, with 5MHz of 11PRBs, 
SIB1 with MCS=4, 12symbols, 19RBs)
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Figure 27: The BLER Performance of SIB1 (4.0GHz@30KHz, with 5MHz of 11PRBs, 
SIB1 with MCS=8, 11symbols, 11RBs)
image3.jpeg
BLER

PBCH 4GHz@30KHz

—%— Case1:One-time PBCH fullreception for Rel-17 RedCap UE
—%— Case2:One-time PBCH partial reception for Rel-18 eRedCap UE
—%— Cased:Four-time PBCH partial receptions for Rek-18 eRedCap UE
¥ CasedFour-time PBCH full receptions for Rel-17 RedCap UE

0 5 10 15

SNR (dB)





image4.png
1%t partial PDCCH reception

AL=8

CCE#7

CCE#5

Yo

-«
2 symbols

2 partial PDCCH reception

v

-«
2 symbols Time.
>





image5.jpeg
BLER

10

10"

PDCCH 700MHz@15KHz

—%— Case1: One-time PDCCH full reception for Rel-17 RedCap UE
—%— Case2: One-time PDCCH partal reception for Rel-18 eRedCap UE
—#— Case3: Two-time PDCCH partal receptions for Rel-18 eRedCap UE

102





image6.jpeg
BLER

100

PDCCH 700MHz@15KHz

‘Caset: One-time PDCCH full reception for Rel-17 RedCap UE
‘or Case?: One-time PDCCH full reception for Rel-18 eRedCap UE

102





image7.jpeg
BLER

10

107!

PDCCH 2.6GHz@30KHz

| —%— Case1: One-time PDCCH full reception for Rel-17 RedCap UE
—— Case2: One-lime PDCCH parlial reception for Rel-18 eRedCap UE
| —— Case3: Four-ime PDCCH patial receptions for Rei-18 eRedCap UE

10+

SNR (dB)

10




image8.jpeg
BLER

107

PDCCH 2.6GHz@30KHz

: —%— Case1: One-time PDCCH full reception for Rel-17 RedCap UE

—%— Case1: One-time PDCCH partial reception for Rei-18 eRedCap UE
—#— Case3: Two-time PDCCH partal receptions for Rel-18 eRedCap UE

10+

SNR (dB)

15




image9.jpeg
PDCCH 2.6GHz@30KHz

o

o O i PO Ul rcep o ol 16 s UE
107
«
&
&
10
10
Yo B . s )

SNR (dB)

15




image10.jpeg
BLER

100

10!

PDCCH 2.6GHz@30KHz

—%— Case1: One-time PDCCH full reception for Rel-17 RedCap UE
—%— Case2: One-lime PDCCH parlial reception for Rel-18 eRedCap UE
—%— Case3: Four-ime PDCCH partial receptions for Rei-18 eRedCap UE

10+

SNR (dB)

10




image11.jpeg
BLER

PDCCH 2.6GHz@30KHz

B s St

107!

10

10°

5

—%— Case1: One-time PDCCH full reception for Rel-17 RedCap UE
% Case2: One-time PDCCH partal reception for Rel-18 eRedCap UE
—#— Case3: Two-time PDCCH partal receptions for Rel-18 eRedCap UE

15




image12.jpeg
BLER

103

100‘-“-“*—'—“\5

PDCCH 2.6GHz@30KHz

—%— Case1: One-time PDCCH full reception for Rel-18 eRedCap UE

10

SNR (dB)




image13.jpeg
BLER

PDCCH 2.6GHz@30KHz

—%— Case1: One-time PDCCH full reception for Rel-18 eRedCap UE

SNR (dB)




image14.png
PDSCH

Time
>

uopdaoal LgIs feHed i

14 symbols

14 symbols

24 PRBs





image15.jpeg
BLER

10

107

SIB1 700MHz@15KHzZ

—%— Case1: One-time SIB1 full reception for Rel-17 RedCap UE
—%— Case2: One-time SIB1 partial reception for Rek18 eRedCap UE
—%— Case3: Two-time SIB1 partia receptions for Rel-18 eRedCap UE

103

SNR (dB)




image16.jpeg
BLER

107

SIB1 700MHz@15KHzZ

Case1: One-time SIB1 full reception for Rel-17 RedCap UE
or Case?: One-time SIB1 full reception for Rel-18 eRedCap UE

SNR (dB)




image17.jpeg
BLER

107

m'—'—*—’-’-'t:::.,\

SIB1 2.6GHz@30KHz

—%— Case1: One-time SIB1 full reception for Rel-17 RedCap UE
—%— Case2: One-time SIB1 partial reception for Rek18 eRedCap UE
4 Case3: Two-time SIB1 partial receptions for Rek18 eRedCap UE

103

SNR (dB)




image18.jpeg
BLER

SIB1 2.6GHz@30KHzZ

mcw

Case1: One-time SIB1 full reception for Rel-17 RedCap UE
or Case?: One-time SI81 full reception for Rel-18 eRedCap UE

102

SNR (dB)

20




image19.jpeg
BLER

SIB1 2.6GHz@30KHzZ

m"-—*—v—o—m

10!

102

—%— Case1: One-time SIB1 full reception for Rel-17 RedCap UE
—%— Case2: One-time SIB1 full reception for Rel-18 eRedCap UE
—%— Case3: Tuo-time SIB1 full receptions for Rel-18 eRedCap UE

1072
10

SNR (dB)

15




image20.jpeg
BLER

10

102

SIB1 2.6GHz@30KHzZ

Case1: One-time SIBT full eception for Rel-17 RedCap UE
or Case?: One-time S1B1 full reception for Rel-18 eRedCap UE

10+

SNR (dB)

20




image21.jpeg
BLER

107

103

PBCH 700MHz@15KHz

Case1:One-time PBCH full reception for Rel-17 RedCap UE
‘or Case2:One-time PBCH full reception for Rel-18 eRedCap UE
Case3:Four-ime PBCH ful receptions for Rel-18 eRedCap UE

or Cased:Four-ime PBCH full receptions for Rel-17 RedCap UE





image22.jpeg
BLER

PBCH 2.6GHz@30KHz

—%— Case1:One-time PBCH fullreception for Rel-17 RedCap UE
—%— Case2:One-time PBCH partial reception for Rek-18 eRedCap UE
—%— Cased:Four-time PBCH partial receptions for Rek-18 eRedCap UE
¥ CasedFour-ime PBCH fullreceptions for Rel-17 RedCap UE





image23.jpeg
PDCCH 4.0GHz@30KHz

L s i, T )

107!

—&— Case1: One-time PDCCH full reception for Rel-17 RedCap UE
% Case2: One-time PDCCH partal reception for Rel-18 eRedCap UE
% Case3: Four-time PDCCH partal receptions for Rel-18 eRedCap UE

SNR (dB)

10




image24.jpeg
BLER

107!

PDCCH 4.0GHz@30KHz

—%— Case1: One-time PDCCH full reception for Rel-17 RedCap UE
% Case2: One-time PDCCH partal reception for Rel-18 eRedCap UE
—#— Case3: Two-time PDCCH partal receptions for Rel-18 eRedCap UE

10+

SNR (dB)

15




image25.jpeg
BLER

107

102

103

PDCCH 4.0GHz@30KHz

—%— Case1: One-time PDCCH full reception for Rel-18 eRedCap UE





image26.jpeg
BLER

SIB14GHz@30KHz

R s

107!

10

10°

§

—%— Case1: One-time SIB1 full reception for Rel-17 RedCap UE
—%— Case2: One-time SIB1 partil reception for Rek-18 eRedCap UE
—%— Case3: Two-time SI81 partia receplions for Rek18 eRedCap UE

SNR (dB)

20




image27.jpeg
BLER

100

10!

SIB14GHz@30KHz

Case1: One-time SIBT full reception for Rel-17 RedCap UE
or Case?: One-time SI81 full reception for Rel-18 eRedCap UE

10+

SNR (dB)

15




image1.png
Time

A Freq.




image2.jpeg
BLER

PBCH 2.6GHz@30KHz

—%— Case1:One-time PBCH full reception for Rel-17 RedCap UE
=% Case2:One-time PBCH partial reception for Rek18 eRedCap UE
—%— Cased:Four-time PBCH partial receptions for Rek-18 eRedCap UE
¥ CasedFour-ime PBCH full receptions for Rel-17 RedCap UE





