3GPP TSG RAN WG1 Meeting #110                                                              	    R1-2207478
Toulouse, France, August 22nd – 26th, 2022

Agenda Item:	9.6.2
Source:	Lenovo
Title:	Evaluation of coverage impact
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#109e [1], it was agreed to evaluate coverage performance of Rel.18 RedCap UEs with RF+BB BW reduction to 5MHz. 
	[bookmark: _Hlk101868156]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
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



In this contribution, we provide observations based on the evaluation results for PBCH, SIB1 and PDCCH CSS.  
Discussion
PBCH coverage
PBCH occupies 20RBs in frequency domain. As per RAN1#109e agreements, for 5MHz RF+BB BW, 25PRBs are assumed for 15kHz SCS and 11 PRBs (or optionally 12PRBs) are assumed for 30kHz SCS. Therefore, if PBCH is transmitted with 15kHz SCS, it could be within Rel.18 RedCap 5MHz UE BW. In this case, PBCH detection performance of Rel.18 RedCap UEs is expected to be same with Rel.17 RedCap UEs. 
If PBCH is transmitted with 30kHz SCS, only part of PBCH BW is within Rel.18 RedCap 5MHz UE BW. Accordingly, Rel.18 RedCap UE can only receive part of PBCH at one time. Figure 1 shows an example, where Rel.18 RedCap UEs locate the bottom 11RBs for PBCH detection. As a result, the UEs can receive only 26RBs out of total 48 RBs from 3 OFDM symbols containing PBCH. This brings performance loss of PBCH detection.  
[image: ]
Figure 1 Reception of bottom 11RBs out of 20RB PBCH
[bookmark: OLE_LINK1]Figure 2(a) and Figure 2(b) show PBCH detection performance based on the implementation in Figure 1. Figure 2(a) shows PBCH detection performance of Rel.15 reference UEs/Rel.17 RedCap UEs/Rel.18 RedCap UEs with 30kHz subcarrier spacing, and Figure 2(b) shows PBCH detection performance of Rel.15 reference UEs/Rel.17 RedCap UEs/Rel.18 RedCap UEs with 15kHz subcarrier spacing. From the evaluation results, it can be observed that for 30kHz PBCH SCS, Rel.18 RedCap UEs have ~4.2 dB PBCH performance loss at 1% BLER, compared with PBCH detection performance of Rel.17 RedCap UEs.  
Observation 1 : Compared with Rel.17 RedCap UEs, Rel.18 RedCap UEs with 5MHz BB+RF BW has ~4.2 dB PBCH detection performance loss at 1% BLER for 30kHz SCS PBCH. No performance loss is assumed for 15kHz SCS.
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   (a)											(b)	
Figure 2 PBCH detection performance
It is noted that for option BW3 [1], i.e., 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL, and the other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth, PBCH detection performance loss would be same with the option BW1, i.e., 5MHz BB+RF BW. 
Observation 2: PBCH detection performance loss of option BW3 with 5MHz BB BW only for PDSCH (for both unicast and broadcast)  is same with 5MHz BB+RF BW. 
To compensate PBCH coverage loss in case of 30 kHz SCS, one solution is multi-time PBCH reception. Since PBCH is periodically transmitted, Rel.18 RedCap UE can receive different part of the PBCH in each detection. If with the implementation in Figure 1, it can be assumed that 2-time PBCH reception can provide similar detection performance with legacy RedCap UEs. 
Multi-time PBCH reception may require UE RF retuning during each detection. Besides, larger PBCH detection latency is another cost for multi-time detection.  
Observation 3: PBCH detection performance can be improved by multi-time PBCH reception at the cost of potential UE RF retuning and larger detection latency.  
SIB1 coverage
SIB1 is transmitted in initial DL BWP and the transmission BW might be larger than 5MHz RedCap UE BW. As a reference, 48PRBs are recommended for SIB1 transmission BW as per RAN1#109e agreements [1]. Therefore, for Rel.18 RedCap UEs with both 25PRBs with 15kHz SCS and 11PRBs with 30kHz SCS, only part of the SIB1 can be received at one time. This brings performance loss of SIB detection for Rel.18 RedCap UEs.  
Figure 3(a) and Figure 3(b) show SIB1 detection performance. Figure 3(a) shows SIB1 detection performance of Rel.15 reference UEs/Rel.17 RedCap UEs/Rel.18 RedCap UEs with 15kHz subcarrier spacing, and Figure 3(b) shows SIB1 detection performance of Rel.15 reference UEs/Rel.17 RedCap UEs/Rel.18 RedCap UEs with 30kHz subcarrier spacing. From the evaluation results, it can be observed that for 15kHz SCS, Rel.18 RedCap UEs have ~3.7 dB SIB1 detection performance loss at 10% BLER, compared with the detection performance of Rel.17 RedCap UEs. For 30kHz SCS, Rel.18 RedCap UEs have ~8.8 dB PBCH detection performance loss at 10% BLER.
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Figure 4 SIB1 detection performance
Observation 4: Compared with Rel.17 RedCap UEs, Rel.18 RedCap UEs with 5MHz BB+RF BW has ~3.7 dB SIB1 detection performance loss at 10% BLER for 15kHz SCS, and ~8.8dB SIB1 detection performance loss for 30kHz SCS. 
For option BW3 where 5MHz BB BW is assumed for PDSCH (for both unicast and broadcast), SIB1 detection performance loss is same with 5MHz BB+RF BW. 
Observation 5: SIB1 detection performance loss of option BW3 with 5MHz BB BW only for PDSCH (for both unicast and broadcast)  is same with 5MHz BB+RF BW. 
Similar with PBCH, SIB1 coverage loss can be reduced by multi-time reception. Different part of the SIB1 can be received in each detection. The cost is larger SIB1 acquisition latency especially for SIB1 transmission with 30kHz SCS.  
Observation 6: SIB1 detection performance can be improved by multi-time SIB1 reception at the cost of larger detection latency. 
PDCCH CSS coverage
Currently a CORESET supports up to 3 OFDM symbols. With max.5MHz UE BB+RF BW, for 11RBs at 30kHz SCS, the supported maximum AL would be only 2, and for 25RBs at 15kHz SCS, the supported maximum AL could be 8. For both cases, there will be PDCCH coverage loss compared with Rel.17 RedCap UEs supporting AL = 16. 
[bookmark: OLE_LINK2]Figure 5(a) and Figure 5(b) show PDCCH CSS detection performance. Figure 5(a) shows PDCCH CSS detection performance of Rel.15 reference UEs/Rel.17 RedCap UEs /Rel.18 RedCap UEs with 15kHz subcarrier spacing, and Figure 5(b) shows PDCCH detection performance of Rel.15 reference UEs/Rel.17 RedCap UEs /Rel.18 RedCap UEs with 30kHz subcarrier spacing. From the evaluation results, it can be observed that for 15kHz SCS, Rel.18 RedCap UEs have ~3.3 dB PDCCH CSS detection performance loss at 1% BLER, compared with the detection performance of Rel.17 RedCap UEs.  For 30kHz PBCH, Rel.18 RedCap UEs have ~13.7 dB PDCCH CSS detection performance loss at 1% BLER.
Observation 7: Compared with Rel.17 RedCap UEs, Rel.18 RedCap UEs with 5MHz BB+RF BW has ~3.3 dB PDCCH detection performance loss at 1% BLER for 15kHz SCS, and ~13.7dB SIB1 detection performance loss for 30kHz SCS. 
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Figure 5 PDCCH CSS detection performance
It is noted that for option BW3, since PDCCH still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth, there is no PDCCH performance loss compared with Rel.17 RedCap UEs. 
Observation 8: PDCCH coverage is not an issue for option BW3 where 20MHz UE RF+BB bandwidth is assumed for PDCCH. 
PDCCH CSS coverage can be compensated by PDCCH repetition. PDCCH repetition has been specified in Rel.17, but it is used for coverage enhancement for USS and type 3 CSS (not applicable for other CSS type). Another option is to extend the CORESET size in time domain to be larger than 3 OFDM symbols. 
Observation 9: PDCCH CSS performance can be improved by PDCCH repetition or extended CORESET size in time domain.

Conclusions
As a summary, we have the following observations on coverage of PBCH, SIB1 and PDCCH for RedCap, 
Observation 1 : Compared with Rel.17 RedCap UEs, Rel.18 RedCap UEs with 5MHz BB+RF BW has ~4.2 dB PBCH detection performance loss at 1% BLER for 30kHz SCS PBCH. No performance loss is assumed for 15kHz SCS.
Observation 2: PBCH detection performance loss of option BW3 with 5MHz BB BW only for PDSCH (for both unicast and broadcast)  is same with 5MHz BB+RF BW. 
Observation 3: PBCH detection performance can be improved by multi-time PBCH reception at the cost of potential UE RF retuning and larger detection latency.  
Observation 4: Compared with Rel.17 RedCap UEs, Rel.18 RedCap UEs with 5MHz BB+RF BW has ~3.7 dB SIB1 detection performance loss at 10% BLER for 15kHz SCS, and ~8.8dB SIB1 detection performance loss for 30kHz SCS. 
Observation 5: SIB1 detection performance loss of option BW3 with 5MHz BB BW only for PDSCH (for both unicast and broadcast)  is same with 5MHz BB+RF BW. 
Observation 6: SIB1 detection performance can be improved by multi-time SIB1 reception at the cost of larger detection latency. 
Observation 7: Compared with Rel.17 RedCap UEs, Rel.18 RedCap UEs with 5MHz BB+RF BW has ~3.3 dB PDCCH detection performance loss at 1% BLER for 15kHz SCS, and ~13.7dB SIB1 detection performance loss for 30kHz SCS. 
Observation 8: PDCCH coverage is not an issue for option BW3 where 20MHz UE RF+BB bandwidth is assumed for PDCCH. 
Observation 9: PDCCH CSS performance can be improved by PDCCH repetition or extended CORESET size in time domain.
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Appendix: simulation assumptions
	Simulation parameters
	Value

	Carrier frequency for evaluation
	0.7GHz, 2.6GHz

	Frame structure
	DDDSUDDSUU

	Waveform
	CP-OFDM

	Subcarrier Spacing 
	30kHz

	Channel model
	TDL-C

	UE speed
	3km/h

	PBCH
	· Payload size: 56bit
· BLER: 1%
· Modulation: QPSK

	SIB1
	· Initial BLER: 1%
· MCS/TBS/RB for R15 reference UEs: 0/1256/48
· MCS/TBS/RB for R17 RedCap UEs: 0/1256/48
· MCS/TBS/RB for R18 RedCap UEs, 15kHz SCS: 3/1256/25
· MCS/TBS/RB for R18 RedCap UEs, 30kHz SCS: 6/1256/11
· TDRA: 12OFDM symbol
· DMRS: Type 1 with 2 DMRS symbols

	PDCCH
	· Initial BLER: 1%
· AL = 16 for Rel.15 reference UEs, Rel.17 RedCap UEs
· AL=8 for Rel.18 UEs, 15kHz SCS
· AL = 2 for Rel.18 UEs, 30kHz SCS

	Channel estimation
	Real

	Receiver type
	MMSE

	BS Tx antenna
	2T, 4T

	UE Rx antenna
	Rel.15 reference UEs: 2R, 4R
RedCap UEs: 1R

	Channel estimation
	Real
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