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Introduction
In RAN Plenary #95e, the new study on further enhanced RedCap NR devices was approved. The potential solutions to further reduce UE complexity includes the narrower bandwidth, the lower data rate and the possibly reduced UE processing time for both data and CSI report.
In this contribution, we analyze the further reduced capabilities and the capability targets for the new RedCap devices.
Enhancement aspects for RedCap
In the earlier RedCap study, several enhancement areas are identified to be beneficial for lower capability NR devices.  For maximum UE bandwidth, only one bandwidth per FR was accepted for the first release of RedCap devices. Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz. The actually specified RX and MIMO layer are reflected as maximum MIMO layers reported by UE capability. Half-duplex FDD is supported as an optional feature for RedCap devices.
Relaxed UE processing time by double the processing time in terms of N1 and N2 was evaluated but not standardized due to limited of meeting time. Modulation order does not need to be changed as the minimal 64QAM is kept same as Rel-15.
For the Rel-18, several identified reductions of complexity are now can be analyzed on top of the existing ones. The potential solutions and impact are to be studied. 
Bandwidth for RedCap UE
The target of bandwidth reduction of lower capability UE is 5MHz. For the complexity reduction, 5MHz UE bandwidth would also have considerable reduction of device complexity. For compatibility, this bandwidth is the smallest one which could reuse the existing design.
In the earlier RedCap study, complexity analysis for bandwidth reduction and the combination of reductions was performed. As the methodology of the analysis is extended from MTC study, it can be applied in 5MHz UE bandwidth. The reduction should be compared with 20MHz RedCap UE.
Base on earlier study of MTC type devices. It would be expected the reduction of baseband part for complexity will be the main part of reduction including functional blocks: ADC/DAC, FFT/IFFT, Post-FFT data buffering, Receiver processing block, LDPC decoding, HARQ buffer. 
The RF cost reduction may depend on different vendors’ implementations and will not contribute significantly to the overall reduction in average.
We also think the cost analysis template used for the Rel-17 RedCap study can be reused.
Proposal 1. The cost analysis template used for the Rel-17 RedCap study can be reused.
For FDD cost saving, an initial cost break-down is given in the Table1. 

Table1. FR1 FDD baseband cost saving 20MHz -> 5MHz
	Reduced UE to 5MHz
	Base line
	Reduced 

	ADC / DAC
	~10%
	3.5%

	FFT/IFFT
	~4%
	1.4%

	Post-FFT data buffering
	~10%
	2.9%

	Receiver processing block
	~24%
	11.4%

	LDPC decoding
	~10%
	4.8%

	HARQ buffer
	~14%
	5.3%

	DL control processing & decoder
	~5%
	5.6%

	Synchronization / cell search block
	~9%
	9%

	UL processing block
	~5%
	4.3%

	MIMO specific processing blocks
	~9%
	8.3%



The baseband part for 5MHz devices can result 56.50% cost of 20MHz devices. Then, overall cost reduction would be 21.8%, if the RF part has no reduction.
Different directions for supporting narrower bandwidth
There would be 2 possible directions to realize the bandwidth reduction.
Fixed UE bandwidth: always restricting UE bandwidth to 5MHz. 
If the UE bandwidth is always 5MHz, during the initial access UE have to make it cover the SSB. For 15 kHz sub-carrier spacing, it is possible for that UE’s band cover SSB at 3.6 MHz wide. Larger SCS will not be used. Under that fixed bandwidth limitation, 5MHz RedCap UE have to focus on 15KHz subcarrier spacing. The CORESET#0 support some flexible configuration by SIB1. However, network accommodating that narrowband RedCap UE must have CORESET#0 with the minimal 24 PRBs.
Adaptive UE bandwidth: UE can have 20MHz bandwidth during the initial access and retuning it to 5MHz after that.
Restricting UE bandwidth will result more restrictions on other aspects as discussed earlier. If minimal 20MHz for FR1 in the initial access, idle mode and inactive mode can be supported, UE can use less bandwidth during connected mode. Then, UE can use more possible configurations, e.g., wider CORESET#0 and higher SCS. 


Figure1. Two possible directions for UE operating in 5MHz bandwidth.
The both directions are within the study. They all can save UE cost. For the adaptive UE bandwidth, the cost saving could be smaller in some component of baseband part. The ADC/DAC and FFT/IFFT have to be set with the maximum bandwidth capability. The decoding part could be smaller, since the processing capacity in SSB and CORESTE#0 would be much lower. 
The adaptive UE bandwidth is close to the solution of reducing peak data rate. This can be discussed with the data rate reduction topic. For the feasibility study of narrower bandwidth, we prefer to clarify the fixed 5MHz UE bandwidth is assumed.
Proposal 2: For the feasibility study of narrower bandwidth, it is recommended to clarify the fixed 5MHz UE bandwidth as the basic solution for evaluation.
Some advanced scheme of retuning RF to sweeping larger bandwidth can be further discussed. If we can let 5MHz UE cover larger bandwidth, the 30 kHz SCS can be supported. We can further study if the additional complexity and performance loss could be acceptable for RedCap UE.
In the companion contribution [4], we show our initial view to how to additional evaluate supporting of larger bandwidth. 
Narrower bandwidth impact
When the fixed 5MHz bandwidth UE access the network, it may only access the carriers deployed with 15 kHz SCS. And, for the CORESET#0, bandwidth of 5 MHz can provide maximum control resource as 12 CCEs, if the 24 PRBs and 3 symbols are used. It is not sufficient for supporting AL 16 for that CORESET#0 configuration. Even for AL 8, it is also difficult to select proper resources since the CORESET occupied all the carrier bandwidth. Then, AL4 will be more likely used. It generally means the coverage loss will be 3.0-6.0 dB. For the NR network camping RedCap and non-RedCap UE, the optimal design would be a CORESET size of >= 48 PRBs @ 15 kHz SCS. 
A network should well consider those coexistence cases.  For the carrier without coverage issue, it can configure narrow CORESET#0, which allow RedCap and non-RedCap UE to access. For carriers need larger CORESET#0 only can be accessed by non-RedCap or Rel-17 RedCap UE, a dedicated CORESET#0 can then be configured for 5MHz RedCap UE. That dedicated CORESET#0 will have lower overhead as the bandwidth is much smaller than the legacy one. 
The narrower bandwidth UE should work in dedicated activated BWP. For the data offloading, it may not cover SSB. Then, the measurement for maintain connection have to be well supported. UE should be able to switch BWP between different sub-band for measurement. Another solution would be to allow other measurement resources configured in the dedicated BWP.
The RF retuning for narrower bandwidth UE would be taken into account. For TDD, UE should be able to keep one common central frequency of UL and DL BWP.
Proposal 3: In supporting 5MHz RedCap UE, the candidate solutions to be considered:
RedCap UE can be configured with a dedicated CORESET#0 or a dedicated DL initial BWP.
The DL BWP for RedCap UE may not contain the SSB, additional means of measurement included other RS and frequency retuning.
Reduced Data Rate for RedCap UE
Reducing the peak data rate can directly reduce UE complexity in the baseband part. With the evaluation template, another metric of cost reduction can be studied.
Target of peak data rate
The simplification by lower data rate could be after the post FFT part. To evaluate the exact reduction for UE complexity, the exact value range of peak data rate should be given.
In general, we think the application scenarios for RedCap should be the baseline. In Rel-17 SI [3], there are scenarios given.
Three use cases are Industrial wireless sensors, Video Surveillance and Wearables. 
Use case specific requirements [3]: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

In the Rel-17, we support lower capability as 1RX and 20MHz for RedCap UE. In the peak data rate, we can estimate based on the specification, e.g., clause 4.1.2, 38.306.  Assuming for single layer RedCap UE, scaling factor=1, overhead for DL as 0.14, 64QAM. The DL peak data rate would be around 85Mbps. For UL overhead of 0.08, peak data rate would be around 91Mbps.
The enhanced RedCap can target data rate in the low-end side of application scenarios. Thus 10 Mbps for DL and 5 Mbps for UL should be considered.
Proposal 4: For reducing peak data rate of RedCap UE, 10 Mbps for DL and 5 Mbps for Ul are  the target data rates.
Reduced Data Rate impact
The reduced Data Rate reflect lower UE processing Capacity. The buffer size, coding processing volumes and HARQ buffer can be correspondingly reduced. With the target peak data rate, the corresponding complexity reduction can help to conclude if the feature can be introduced.
To identify the exact changes for supporting reduced peak data rate, several possible candidates can be considered. For the UE peak data rate determination, a scheme to further lower the rate calculation should be included. That can be realized by using smaller scaling factors. The modulation order can be directly restricted to lower modulation order by the specification. For the number of HARQ processes, the less con-current processes will also help lowing cost of devices. In general, all the scheme can be adapted to meet the data rate target.
Proposal 5: For reducing peak data rate of RedCap UE, RAN1 consider reducing UE peak data rate, restricting modulation order and restricting HARQ process number to meet the target data rates.
Relaxed UE processing time
In [2], Rel-17 RedCap study had analyzed that the processing time line of Data processing. Relaxed UE processing time of data has shown some cost saving. However, due to limited time, Rel-17 did not support relaxed UE processing time in terms of N1 and N2 in specification for RedCap UEs. For RedCap enhancement, we can consider the doubling of N1 and N2 in specification as baseline of enhancement.
For CSI processing timeline, we propose also to have evaluation on the cost saving. One of the starting point can be the 2 times of the existing CSI processing timeline for evaluation. We can conclude the topic if considerable cost saving can be achieved.
Proposal 6: RAN1 considering the doubling of N1 and N2 as the data processing time relaxation scheme.
RAN1 evaluate the cost saving of doubling of CSI processing timeline.
Conclusion
In this contribution, we have discussed and analyzed the further enhancement of the RedCap devices. For the bandwidth, data rate and processing time, we discussed how the evaluation can be done and the potential change to be considered.
As summary, we have proposals:
Proposal 1. The cost analysis template used for the Rel-17 RedCap study can be reused.
Proposal 2: For the feasibility study of narrower bandwidth, it is recommended to clarify the fixed 5MHz UE bandwidth as the basic solution for evaluation.
Proposal 3: In supporting 5MHz RedCap UE, the candidate solutions to be considered:
RedCap UE can be configured with a dedicated CORESET#0 or a dedicated DL initial BWP.
The DL BWP for RedCap UE may not contain the SSB, additional means of measurement included other RS and frequency retuning.
Proposal 4: For reducing peak data rate of RedCap UE, 10 Mbps for DL and 5 Mbps for Ul are  the target data rates.
Proposal 5: For reducing peak data rate of RedCap UE, RAN1 consider reducing UE peak data rate, restricting modulation order and restricting HARQ process number to meet the target data rates.
Proposal 6: RAN1 considering the doubling of N1 and N2 as the data processing time relaxation scheme.
RAN1 evaluate the cost saving of doubling of CSI processing timeline.
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