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1 Introduction
 During RAN #94 meeting, the study item of further NR RedCap UE complexity reduction was approved with the following objectives. 

	· 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.




In this contribution, we will focus on aspects related to evaluation for further complexity reduction and share our consideration.
2 Discussion 
2.1 Evaluation needs  

For further complexity reduction, several potential solutions are proposed to study in the SID of R18 eRedCap, including: UE bandwidth reduction, relaxed UE processing timeline, and reduced peak data rate. Our views and analysis on whether it is necessary to (re-)evaluate these potential solutions are given as follows.

Further UE bandwidth reduction

In R17, the maximum bandwidth of the RedCap UE is reduced from 100MHZ to 20MHZ in FR1. And, in R18, it is proposed to study the feasibility of further reduction to 5MHZ, which brings new challenges for 5G system. For example, when the UE bandwidth is further reduced, potential impact on the data, control channel, SSB and RS would be incurred, and the transmission reliability and coverage may not be guaranteed. In the discussion of R17 RedCap, only 20MHZ in FR1 was evaluated, so further bandwidth reduction of R18 eRedCap needs to be further evaluated with the same methodologies.
Proposal 1: Evaluate further bandwidth reduction of R18 eRedCap.
Relaxed UE processing timeline

In the R17 RedCap study item, relaxed UE processing time has been already considered in terms of more relaxed N1 and N2 values(as defined in TS38.214) compared to those of UE processing time capability 1. In the study, for the purpose of evaluation, the relaxed UE processing time in terms of N1 and N2 were assumed to be doubled to those of capability 1, i.e., 
-
N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)

-
N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS

Besides, for the purpose of evaluation, relaxed CSI computation time was also considered, assuming doubled Z and Z’ compared to the values defined in TS38.214 clause 5.4. And, based on these assumptions, sufficient evaluation results and analysis of UE complexity reduction, performance impacts, coexistence with legacy UEs and specification impacts are given by each company and captured in TR38.875. From our point of view, the evaluation of relaxed processing timeline in R17 RedCap SI is enough, and there is no need to do repetitive work in R18.
Proposal 2: No need to re-evaluate relaxed UE processing timeline.
Reduced peak data rate  

For reduced peak data, two other potential solutions are provided in our companion contribution [1], including TBS restriction and HARQ processing number reduction. Based on our analysis in [1], these two potential solutions both have impact on cost reduction, transmission performance and standardization. Since there is no sufficient discussion and estimation in R17 RedCap study item and no evaluation result is capture in the TR38.875, it is necessary to evaluate them in this R18 eRedCap SI. However, considering the limited time budget, it can be performed with a low priority. 
Proposal 3: Evaluate other potential solutions on peak data reduction with low priority.
2.2 Evaluation methodology  
In R17 RedCap SI, several metrics were evaluated for UE bandwidth reduction, including: cost reduction, coverage, network capacity and spectral efficiency, latency and reliability, and PDCCH blocking rate. The above metrics can be reused for the study of R18 eRedCap except for PDCCH blocking rate. Whether or not to evaluate the PDCCH blocking rate depends on which bandwidth reduction option will be agreed. In our companion contribution [1], four potential options are provided to perform the UE bandwidth reduction, which covers the following aspects: only reducing the baseband bandwidth, or reducing both baseband and RF bandwidth; as well as only reducing the data channel bandwidth, and reducing both data and control channel bandwidth. If the reduction of control channel bandwidth is adopted, the PDCCH blocking rate and transmission reliability of control channel including PBCH should be evaluated. In addition, latency and throughput are just qualitatively analysed in R17 RedCap. However, since TBS restriction and reduced HARQ process number have a singficant impact on the overall delay of the payload and indirectly impact on the system throughput, quantitative simulation on above two metrics may be required. And, the evaluation methodology for these two metrics can be further discussed if needed.   
Proposal 4: Basically, reuse the R17 evaluation metrics and methodologies to study potential solutions to further reduce the complexity of R18 eRedCap.
· Study whether quantitative simulation on latency and throughput is needed for other potential solutions e.g., TBS restriction and HARQ process number reduction.  
2.3 Preliminary evaluation results  
In this contribution, our preliminary simulation results on the impact of further bandwidth reduction on the performance of PBCH transmissions, frequency diversity gain and frequency selective gain on PUSCH transmissions are given as follows.
Evaluation results of PBCH transmission
If the UE bandwidth is further reduced for both control and data channels, the PBCH reception with SCS = 30KHz will be affected, because only 11 valid RBs can be received for eRedCap UE with 5MHZ, while 20RBs are occupied by the PBCH, i.e., only partial RBs of PBCH can be received. Here we conduct link-level simulation to evaluate the performance loss on partial reception of PBCH, and we obtain simulation results for 1RX and 2RX, as illustrated in Figure 1 and Figure 2 respectively. Detailed simulation parameters are summarized in Table.1 in the Annex. 
“Low”, “middle” and “high” appearing in our simulation results aim to identify the frequency domain locations where the eRedCap UE receives the PBCH, as illustrated in Figure 3. From our results, it can be observed that the performance of reception at the lowest 11RBs and the highest 11RBs is almost the same, which has ~5dB loss compared with complete reception with 1RX, and ~4dB loss with 2RX. And, the performance of receiving in the middle 11RBs is even worse, which has almost ~5dB loss compared with receiving in the highest or lowest 11RBs with 1RX. We think there are two main reasons for this performance gap between these two cases of reception, the first is that there is less coded bits (4RBs less) received compared with receiving in the highest/lowest RBs; the second is that some important bits may be carried in the omitted 4RBs. Thus, we can conclude that, in the case of poor channel conditions, the UE may need to receive PBCH by RF retuning after detecting the PSS and SSS successfully with increased cell search delay. 

Besides, by comparing the simulation results between the 1RX and 2RX, we can see that the performance of reception in the highest or lowest 11RBs with 2RX is even better than the complete reception with 1RX. That is to say, for R18 eRedCap UE with 2RX branches, the reduction of control channel bandwidth is acceptable for PBCH reception with SCS@30KHZ.
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Figure 1 Comparision between 20MHZ and 5MHZ for PBCH reception with 1RX
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Figure 2  Comparison between 20MHZ and 5MHZ for PBCH reception with 2RX 
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Figure 3 Frequency locations for R18 eRedCap UE to receive PBCH
Observation 1: For partial reception of PBCH with 1RX, the BLER can be met only when the channel condition is better with SNR of ~5dB.
Observation 2: For R18 eRedCap UE with 2RX branches, the reduction of control channel bandwidth is acceptable for PBCH reception with SCS@30KHZ.
Observation 3: The eRedCap UE with the reduction of control channel bandwidth may need to receive PBCH by RF retuning after detecting the PSS and SSS successfully with increased cell search delay.
Evaluation results of PUSCH transmission
Since frequency diversity gain / frequency selective gain may be changed in different frequency bandwidth, here we conduct link-level simulation to evaluate the impact on frequency diversity gain and frequency selective gain with further UE bandwidth reduction. Detailed simulation parameters are summarized in Table.2 in the Annex. 

Figure 4 illustrates the comparison on frequency diversity gain with different hopping range in frequency. In the simulation, we assume frequency hopping occurs at both ends of the UE bandwidth and frequency hopping is performed within a slot. According to the results, it is observed that the difference in frequency diversity gain among frequency bandwidth of 5MHz, 20MHz and 50MHz is not significant. The maximum difference is about 0.8dB. 
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Figure 4 Comparison on the frequency diversity gain for PUSCH

Figure 5 displays the comparison on frequency selective gain. In the simulation, within the configurable total frequency resource, 4 consecutive resource blocks with best SINR will be selected for transmission. According to the simulation results, it is observed that there is more 2dB improvement when the frequency bandwidth is increased from 5MHz to 20MHz and around 2dB gain when the frequency bandwidth is increased from 20MHz to 50MHz. In short, considerable gain can be expected from wider frequency bandwidth. 
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Figure 5 Comparison on the frequency selective gain for PUSCH
According to the observation, we think how to achieve more frequency diversity gain/ frequency selective gain is worthwhile for study. To achieve the frequency diversity/ frequency selective gain, one possible option is that multiple BWPs can be configured and BWP switching among multiple BWP can be considered. However, BWP switching would incur in large switching gap which would interrupt the transmission/ receiving. To achieve better frequency diversity/ selective gain without large switching gap, the following directions can be considered. 

On direction is to support configuring BWP larger than maximum UE bandwidth. In the wide BWP, RedCap can monitor a part of BWP and jump to another frequency part of this BWP by RF retuning as shown in Figure 6. Within the BWP, the RF retuning is not expected too large. For example, in the MTC, RF retuning is also supported for the MTC devices to monitor any narrowband resource within the whole system bandwidth. In that situation, the RF retuning gap is two OFDM symbols with 15KHZ SCS. In the NR, the RF retuning gap is not expected larger than two OFDM symbols with 15KHZ SCS and the exact value can be defined in RAN4. 
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Figure 6 Example of RF retuning within a wide BWP
Another direction is to striving some solutions to optimize the BWP framework to reduce the switching gap. For example, the parameters of the different BWPs involved should be set as the same as possible to compress the gap as much as possible. But for this direction, the feasibility should be identified by RAN4.
Proposal 5: Consider the following two directions to get rid of the negative impact of reduced BW

· Direction 1: Support configuring BWP larger than the maximum UE bandwidth

· Direction 2: Optimize the BWP framework 

3 Conclusion 
In this contribution, we discuss simulation needs and assumptions on further NR RedCap UE complexity reduction. Based on the discussion, our views are summarized as follows.
Observation 1: For partial reception of PBCH with 1RX, the BLER can be met only when the channel condition is better with SNR of ~5dB.
Observation 2: For R18 eRedCap UE with 2RX branches, further reduction of control channel bandwidth is acceptable for PBCH reception with SCS@30KHZ.
Observation 3: The R18 eRedCap UE with the reduction of control channel bandwidth may need to receive PBCH by RF retuning after detecting the PSS and SSS successfully with increased cell search delay.
Proposal 1: Evaluate further bandwidth reduction of R18 eRedCap.
Proposal 2: No need to re-evaluate relaxed UE processing timeline.
Proposal 3: Evaluate other potential solutions on peak data reduction with low priority.
Proposal 4: Basically, reuse the R17 metrics and evaluation methodologies to study potential solutions to further reduce the complexity of R18 eRedCap.
· Study whether quantitative simulation on latency and throughput is needed for other potential solutions e.g., TBS restriction and HARQ process number reduction.  

Proposal 5: Consider the following two directions to get rid of the negative impact of reduced BW

· Direction 1: Support configuring BWP larger than the maximum UE bandwidth

· Direction 2: Optimize the BWP framework 
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Annex

Table.1 Simulation parameters for PBCH transmission
	Parameters
	Value

	Carrier frequency
	2.6GHz

	Channel
	TDL-C NLOS 3km/h 

	UE Bandwidth
	20MHz/5MHZ 

	SCS 
	30KHZ

	UE antenna
	1Rx/2Rx

	gNB antenna
	4Tx

	PBCH payload (excluding 24bits CRC)
	32 bits

	Modulation
	QPSK

	Channel coding
	Polar code 

	Channel model
	TDL-C (delay spread: 300ns)

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%

	Cycles number/slot
	40000


Table.2 Simulation parameters for PUSCH transmission
	Parameters
	Value

	Carrier frequency
	2.6GHz

	TBS
	456 

	SCS
	15KHz

	UE Bandwidth 
	50MHz/20MHz/5MHz

	MCS
	5

	OFDM symbols
	14

	Modulation
	QPSK

	Number of RBs
	4

	Channel coding
	LDPC code 

	Channel model
	TDL-C NLOS (delay spread: 30ns)

	Channel estimation
	Ideal

	Receiver type
	MMSE

	BLER target
	10%


