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[bookmark: _Ref513464071]Introduction
In RAN1 #109-e, the following evaluation assumptions were agreed to investigate the coverage impact of PBCH and PDCCH for the RedCap UE with reduced bandwidth [1]:

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
· 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 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
         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.
  
Conclusion
         Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI

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 configuations 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 configuations 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)
FFS: Use all CCEs of the CORESET Other configurations are also not precluded
 
In this contribution, we evaluate performance of PBCH and PDCCH with limited bandwidth to investigate the impact on coverage for RedCap UEs with reduced bandwidth. 
Discussion
In the last RAN1 meeting, it has been agreed to study three bandwidth reduction operation for RedCap UEs as following:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
Among the options, the BW3 won’t have have a coverage impact on PBCH and PDCCH over Rel-17 RedCap UE considering that bandwidth reduction only applies for the data channels. On the other hand, it is expected that the options BW1 and BW2 have relatively severe coverage impacts due to the UE bandwidth reduction; also, the coverage loss could be more or less similar to both options BW1 and BW2 as the coverage loss is from missing information outside UE bandwidth.
It is important to investigate whether the coverage loss for such channels is tolerable or not so that the group can discuss further necessary solution to compensate the loss.
Observation-1: From the options with reduced bandwidth in baseband (e.g., options BW1 and BW2), coverage loss of PBCH and PDCCH is expected due to missing information outside UE receivable BW and study is necessary.
Proposal-1: Study the coverage loss of PBCH and PDCCH for the options BW1 and BW2.

PBCH performance
The PBCH consists of 240 subcarriers, resulting in 3.6 MHz and 7.2 MHz of BW for 15 kHz and 30 kHz SCS, respectively. So, 5 MHz BW is not sufficient to cover the PBCH with 30 kHz SCS; therefore, a solution is needed for RedCap UEs to acquire the MIB and other information in the PBCH.
One straightforward approach to address this issue is for the RedCap UE to discard the PBCH subcarriers beyond the maximum RedCap UE BW and compensate for the loss, e.g., by accumulation over time. An alternative solution with higher spec impact is to design a new channel to replace the legacy PBCH. A third approach would be to use only 15 kHz SCS for SSBs; this approach, however, is not desirable since it creates significant inflexibility for legacy operations.

[image: ]
Figure 1 PBCH performance with 30 kHz SCS and 5 MHz UE BW compared to 20 MHz UE BW

The performance of the first approach is presented in the BLER simulation illustrated in Figure 1. The number of antennas used is 4 Tx, and 1 or 2 Rx (4×1 and 4×2). We can see from the figure that discarding the subcarriers beyond 5 MHz causes about 3dB loss at 10-1 BLER and about 4 dB loss at 10-2 BLER when compared to the case the RedCap UE uses 20 MHz BW and can receive the whole PBCH.
Observation-2: PBCH reception by ignoring the resources outside the RedCap UE BW shows significant performance degradation.
Proposal-2: Study means to minimize PBCH reception performance impact when PBCH BW is larger than UE supporting BW for Rel-18 RedCap UE.

PDCCH performance
Next, the performance of PDCCH is studied and the BLER with 20 MHz and 5 MHz BW is compared in the following figures. For 15 kHz SCS, since AL16 needs 17.280 MHz of BW (over 3 OFDM symbols), it cannot be supported with 5 MHz BW. Figure 2 illustrates the PDCCH BLER with 15 kHz SCS using the largest usable ALs for 5MHz and 20 MHZ. We can see from the figure that there is a loss of about 2.8 dB for 2 Rx antenna and a loss of about 1.9 dB for 1 Rx antenna between the two at 10-2 BLER.
[image: ]
Figure 2 PDCCH performance with 15 kHz SCS and 5 MHz UE BW compared to 20 MHz UE BW

When 30 kHz SCS is used, only AL4 can be supported with 5 MHz BW assuming that 12RB is supported. So, the performance of this case is compared to the performance of ALs 8 and 16 since both can be supported with 20 MHz BW. The result in presented in Figure 3. We can see from the figure that AL4 suffers a loss of about 4 dB and 7 dB compared to ALs 8 and 16, respectively for both antenna configurations.
These results show reducing the RedCap UE BW to 5 MHz has significant impact on PDCCH performance. It is necessary to investigate potential techniques to improve PDCCH performance, such as designing an enhanced RedCap PDCCH, utilizing repetitions, etc.

[image: ]
Figure 3 PDCCH performance with 30 kHz SCS and 5 MHz UE BW compared to 20 MHz UE BW
Observation-3: PDCCH coverage is significantly affected for Rel-18 RedCap UE if the PDCCH transmission is limited to 5MHz due to the limitation of ALs.
Proposal-3: Study means to minimize the PDCCH coverage impact for Rel-18 RedCap UE.

1 Summary
In this contribution, the impact of reducing RedCap UE BW to 5 MHz from 20 MHz on the performance of PBCH and PDCCH is evaluated with simulations. For PBCH, the subcarriers beyond the 5 MHz UE BW are discarded. For PDCCH, higher ALs cannot be used with reduced BW, resulting in significant SNR loss, which is expected to impact the coverage of common and UE specific control channels. It is recommended to analyze the impact of reduced BW using common simulation assumptions and develop enhancement schemes when needed.
The following observations and proposals have been provided:
Observation-1: From the options with reduced bandwidth in baseband (e.g., options BW1 and BW2), coverage loss of PBCH and PDCCH is expected due to missing information outside UE receivable BW and study is necessary.
Proposal-1: Study the coverage loss of PBCH and PDCCH for the options BW1 and BW2.
Observation-2: PBCH reception by ignoring the resources outside the RedCap UE BW shows significant performance degradation.
Proposal-2: Study means to minimize PBCH reception performance impact when PBCH BW is larger than UE supporting BW for Rel-18 RedCap UE.
Observation-3: PDCCH coverage is significantly affected for Rel-18 RedCap UE if the PDCCH transmission is limited to 5MHz due to the limitation of ALs.
Proposal-3: Study means to minimize the PDCCH coverage impact for Rel-18 RedCap UE.
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3 Appendix

Table 1 Simulation assumptions
	Frequency region
	FR1

	Carrier frequency
	2.6 GHz

	Subcarrier spacing
	15 kHz, 30 kHz

	Bandwidth
	5 MHz, 20 MHz

	Antenna configuration
	4 at the Tx; and 1,2 at the Rx

	Precoding
	Fixed for PBCH
Cycling for PDCCH

	Channel estimation
	Realistic

	Channel model
	TDL-C

	UE speed
	3 km/h
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