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A new Study Item was agreed in RAN #94e [1] to study further RedCap UE complexity reduction. The objectives of the SID are:

	To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.8xx:
· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.




This contribution discusses the impact of reduced BW on PBCH and PDCCH performance. 
Discussion
Reduced bandwidth
In Rel-17, maximum RedCap UE bandwidth has been reduced to 20 MHz in FR1. According to the SID [1], further reduction of maximum RedCap UE BW to 5 MHz in FR1 must be studied. Some of the most significant impacts of reduced BW is expected to be on PDCCH performance since higher ALs cannot be supported with 5 MHz BW. In addition, NR PBCH with 30 kHz SCS does not fit into 5 MHz. In the following, the performance of PBCH and PDCCH is evaluated for 5 MHz RedCap UE BW. Detailed simulation assumptions are provided in the Appendix.
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-1: PBCH reception by ignoring the resources outside the RedCap UE BW shows significant performance degradation.
Proposal-1: 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. 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-2: 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-2: 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: PBCH reception by ignoring the resources outside the RedCap UE BW shows significant performance degradation.
Proposal-1: Study means to minimize PBCH reception performance impact when PBCH BW is larger than UE supporting BW for Rel-18 RedCap UE.
Observation-2: 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-2: 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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