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1 Introduction
During the RAN1#102-e meeting，potential directions for the UE complexity direction including reduction of UE bandwidth, reduction of UE Tx/ Rx, relaxed UE processing timing, restricted UE processing capability and support of HD-FDD were discussed. Based on the discussion, the following consensus related UE complexity reduction was reached. 
	Agreements:

· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR1 UE is assumed to be 40:60.

· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR2 UE is assumed to be approximately 50:50.

Conclusion:

· The study of reduced number of UE (physical) antenna elements and panels in FR2 is not prioritized in the RedCap study item.

Agreements:

· For RedCap UEs in FR1, 

· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 

· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 

Agreements:

· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared 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

Agreements:

· Study of relaxed UE processing time related to CSI computation is not prioritized in the RedCap study item.
Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.

· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· Restriction to 1 or 2 MIMO layers in DL can be studied.
· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.
Agreements:

· In potential cost evaluations for a UE, it is assumed that the multi-band support affects the RF cost but not the baseband cost significantly.

· In the TR, at least include a qualitative statement; relevant numerical results can also be considered.
Agreements:

· For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband.

· This maximum UE bandwidth applies to both data and control channels.

· This maximum UE bandwidth is assumed for both DL and UL.

· Complexity analyses with other mixes of bandwidths are not precluded.



In this contribution, we continue the discussion on the potential features reduction based on the current progress.  Firstly, we discuss our consideration on the framework of the UE capability. Then, further consideration on complexity reduction solutions such as reduced number of UE Rx/Tx antennas, UE bandwidth reduction and HD-FDD are to be discussed one by one. Based on the discussion, our views will be revealed accordingly. 
2 Discussion
In the SID [1], 3 typical scenarios are identified for the reduced capability UEs. The detailed performance requirement for the 3 scenarios are summarized in Table. 1. According to the table, it is observed that the requirement, especially the data rate for different use cases, is quite diverse. For example, reference bitrate for smart wearable application can be 5-50 Mbps in DL and minimum 2-5 Mbps in UL， while the reference bit rate is less than 2 Mbps for industrial sensors. Besides the performance requirement is different, there is also some other particular requirement for some use cases. For example, for the wearables, the requirement on the device size is more stringent than that of other use cases. 
Table 1 Performance requirements in different use case
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Considering the diverse requirement, enabling all the Redcap UEs to support the same UE capabilities is not cost and power efficient. For a specific use case, it is better to compress the cost and power consumption as much as possible on the base of fulfilling corresponding requirement. In this case, supporting Redcap devices with variable UE capabilities should be considered. 
Proposal 1: Redcap devices with variable UE capabilities should be considered 
2.1 Reduced UE bandwidth 
In this section, we firstly analyse the candidate UE bandwidth in DL and UL considering the requirement of data rate, power consumption, cost and etc., and then perform the cost reduction analysis for the candidate UE bandwidth and figure out possible impact due to reduced UE bandwidth at last. 
2.1.1 Potential UE bandwidth for Redcap in FR1
During the previous meeting, it was agreed that at least for initial access, the maximum UE bandwidth is assumed as 20MHz. Then the question is whether UE bandwidth larger than 20MHz should be supported or not. 
For the wearable devices use case, there are two important requirements. One requirement is the data rate as indicated in the SID, which is up to 150M bps in DL and up to 50M bps in UL. Another requirement is the device size, which requires less number of Tx/Rx. 
Since the provided data rate highly depends on the bandwidth, the number of MIMO layer and modulation order, so, Table.2 lists possible combinations for these 3 capabilities and calculate the corresponding peak data rate for analysis of both DL and UL in FR1. For the DL, the candidate UE BW is set as 20 MHz and 40MHz, the MIMO layer choices can be 1 or 2. The modulation order is 64 QAM considering the cat.1b already support 64 QAM in DL. For UL, considering the Tx is only 1, then the MIMO layer is set as 1 and the modulation order choice is 16 QAM and 64 QAM.
Table 2 Possible UE features in FR1 and corresponding peak data rate
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For candidate options in Table.2, when the UE bandwidth is 20MHz and Rx is 1 as represented as Opt.1-DL, it is difficult to satisfy the data rate requirement of 150 Mbps. To reach the target of data rate of up to 150M bps, two directions can be considered. One direction is to increase the number of Rx and support up to 2 MIMO layer transmission, which is represented as Opt.2-DL. And the other direction is to extend the maximum UE bandwidth as represented as Opt.3-DL. 
Table. 3 displays the detailed comparison between Opt.2-DL and Opt.3-DL from the aspects of spectral efficiency, impact on device size, power consumption, cost and coverage. Obviously, Opt.2-DL outperforms Opt.3-DL in terms of spectral efficiency due to the utilization of multi-layer transmission. However, on the other hand, equipping more Rx is quite challenging for the wearable devices due to the device size limitation, so Opt.3-DL is more beneficial in terms of device size. As for the power consumption part, the power consumption reduction in Opt.2-DL comes from reducing the UE bandwidth from 100MHz to 20MHz and reducing the Rx from 4 and 2. According to the UE power consumption scaling model in TR 38.840, the power consumption of UEs with 20MHz is about 40% of the power consumed by UEs with 100M Hz. And power consumption of UEs with 2 Rx is 70% of the power consumed by UEs with 4Rx. Similarly, in Opt.3-DL, power consumption of UEs with 40MHz is 55 % of power consumed by UEs with 100MHz bandwidth. For the power saving, we suppose the power consumption of UE with 1 Rx is 49% of the UE with 4 Rx with the assumption that he scaling factor of “0.7” is used for reducing 4Rx to 2Rx and reducing 2Rx to 1 Rx. Hence, the overall power consumption for Opt.2-DL and Opt.3-DL is 28% of the baseline and 27% of the baseline. As for the cost reduction, as analysed in Table. 4, Redcap UE with 20MHz bandwidth is 68% of the reference UE and Redcap UE with 40MHz is 75% of the reference UE. As for the cost of reduced Rx, detailed analyse is presented in Table. 7.  Redcap UEs with 2 Rx is 59 % of the reference UE and Redcap with 1Rx is 38% of the reference UE. So the overall cost in Opt.2-DL and Opt. 3-DL is 40.12% and 28.5% of the reference UEs respectively.  For the coverage, Opt.3-DL experiences more coverage loss for the DL channels due to less Rx. However, the general coverage should take the overall coverage of all DL and UL channels into consideration. According to the analysis in our companion contribution [2], in most cases, the general coverage is limited by the UL channels. For those two options, they experience similar UL coverage. That is to say, there is no big difference in the general coverage between these two options. 
Table 3 Comparison between Opt.2-DL and Opt.3-DL
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As for the uplink, according to the peak data rate in Table. 2, both Opt.2-UL and Opt.3-UL could satisfy the data rate requirement. Which one should be supported highly relies on the situation in DL. For example, if DL UE bandwidth of 40MHz is supported and the bandwidth of 20MHz in UL could fulfil the requirement, then how to set the UL UE bandwidth should be considered. In current NR framework, asymmetric DL and UL bandwidth is already supported for some cases, then asymmetric DL and UL bandwidth should be considered for Redcap as well. For the case where asymmetric DL and UL bandwidth is not applicable, UL UE bandwidth of 40MHz should be considered. 
According to the discussion above, the following observation can be made:

Observation 1:

· UEs with 40MHz and 1Rx achieve better cost saving gain than UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx achieve similar power saving gain with UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx outperform UEs with 20MHz and 2Rx in terms of device size
· UEs with40MHz and 1Rx show inferior performance to UEs with 20MHz and 2Rx from the aspect of spectral efficiency
· UEs with40MHz and 1Rx experience more coverage loss compared with UEs with 20MHz and 2 Rx
For the wearables use case, the device size is a crucial factor. When high data rate is required, equipping the wearable devices with 40MHz and 1Rx is more friendly to the device size with little impact on the cost and power. For devices with less stringent requirement on the device size, the requirement on the spectral efficiency can be prioritized. These kind of devices can be equipped with 20MHz and 2 Rx to achieve high data rate. 
Proposal 2: Consider to support 40MHz UE bandwidth at least for wearable devices
2.1.2 Cost reduction analysis

In this subsection, we provide the detailed cost analysis for UE with 20MHz UE bandwidth and 40MHz UE bandwidth based on the template provided by the feature leader. As guided by the instruction of the feature leader, the value in the table is the cost estimates rather than cost reduction estimates.
Table 4 Cost analysis for UE bandwidth reduction
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Observation 2:

·  Reducing the UE bandwidth from 100 MHz to 20MHz would achieve about 32% cost saving

·  Reducing the UE bandwidth from 100MHz to 40MHz would achieve about 25% cost saving
2.1.3 Potential impact 
In FR1, SSB occupies 240 consecutive subcarriers and the possible SCS for SSB are 15k Hz and 30k Hz, which correspond to a frequency bandwidth of 3.6 MHz and 7.2 MHz, respectively.  In FR1, the CORESET#0 and the SSB are multiplexed in pattern 1, in which SSB and CORESET#0 are multiplexed in TDM manner, furthermore, the SSB is confined within the frequency resource of the CORESET#0. Different amount of frequency resource can be configured for CORESET#0. Redcap UE is capable to monitor the CORESET#0 in any configuration. In addition, since the RMSI is also scheduled within the frequency resource of CORESET#0, then there is no problem to monitor the current RMSI as well.  Thus, from the perspective of impact due to reduced UE bandwidth, it can be concluded that there is little impact on the reception of SSB, CORESET#0 and RMSI. And there is no need to import additional SSB, CORESET#0 and RMSI for Redcap.  
Observation 3: At least from the aspect of impact due to reduced UE bandwidth, there is no need to import additional SSB, CORESET#0 and for Redcap. 
In the current NR design, the initial BWP can be determined in two ways. The first way is to follow the configuration in RMSI. If there configuration in the RMSI is absent, just follow the frequency configuration of CORESET#0, which is the second way. No matter which way is utilized, once UEs access the same SSB, they would monitor the same initial BWP. When reduced capability devices share the same SSB with normal NR UEs, two possible directions can be considered for the initial BWP configuration. In option 1, normal NR UEs and reduced capability UEs still share the same initial BWP. Considering the UE bandwidth restriction on the reduced capability UEs, certain restriction would be imposed on the initial BWP configuration. Another direction is to support separate initial BWP for normal NR UEs and reduced capability UEs, in this case, flexibility on the initial BWP configuration for the normal NR UE would be maintained. In our option, two directions are not contradictory and they could complement each other. For example, when the initial BWP for the normal NR UEs doesn’t exceed the reception bandwidth of reduced capability UE, then they could share the same initial BWP.  Otherwise, different initial BWP can be set for reduced capability UEs. 
Proposal 3: Separate initial BWP configuration between normal UEs and reduced capability UEs should be supported 
Due to the reduced UE bandwidth, the capacity of PDCCH will be restricted especially for the case of large SCS. Table. 5 lists the capacity of CORESET with different SCS and CORESET duration when the UE bandwidth is 20MHz.  Restriction on the CORESET capacity cause many negative impacts. For example, the scheduling flexibility is limited and the coverage of one PDCCH would be reduced since certain high aggregation can’t be used. In this case, solutions to extending the CORESET capacity can be considered. 
Table 5 CORESET capacity
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One simple solution is to extend the CORESET duration in time domain. However, the REG numbering rule and the REG bundle formulation should be carefully designed so as to minimize the standardization effort.  Fig.1 depicts one example. One CORESET is divided into multiple CORESET subsets and these CORESET subsets are concatenated in time domain. The REG numbering is performed within the CORESET subset and the REG bundle is formed within one CORESET as well. Then the existing CCE mapping and PDCCH construction can be reused. 
Proposal 4: Consider extending the CORESET duration in time domain to enhance the CORESET capacity
· Reuse the existing mapping design of REG bundle, CCE and PDCCH as much as possible
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Figure 1 Example of extending the CORESET duration
2.2 Rx reduction in FR1

In this section, we list the options for potential number of Tx/Rx reduction in FR1, and analysis the necessity of 1Rx capable of Redcap UE. Furthermore, we provide the detailed cost analysis and observations of each case. At last, we discuss the potential coverage impact by such Rx reduction.
2.2.1 Potential number of Tx/Rx in FR1

The minimum requirement on UEs in previous NR release is 1 Tx and 4 Rx antennas (for band n7, n38, n41, n77, n78, n79) or 1Tx and 2Rx antennas (for the other bands). Reducing the number of Rx would impact the coverage, cost, power, spectral efficiency and device size. Hence, the Rx reduction should take these factors into consideration. As we discussed above, since Redcap devices target several use cases and different use case have different requirements. In this case, the setting of Rx reduction should fit the requirement of different use case. 
For wearables such as smart watch, its device size is limited by the size of normal human wrist, thus the PCB size for antenna design is very challenging. The distance between Rx antennas shall be designed to satisfy certain requirement, for example the distance isolation is no less than 1/2λ(about 8cm in FR1), which is very challenging with the limited PCB size of smart watch. Thus, for the wearable devices, the device size is more crucial than that of other use case and this factor should be prioritized during the design. From this point, 1Rx should be always considered at least for wearable devices. Supporting 1 Rx also result in significant power saving and cost saving as we analysed in table 3，thus for Redcap device purchasing very low cost or very low consumption, supporting 1Rx is also a good choice. 

Supporting 1 Rx would sacrifice the coverage performance and spectral efficiency performance. For Redcap devices with larger size, the requirement on the device size can be deprioritized in those use cases. So supporting 2 Rx can be considered to achieve better coverage performance and spectral efficiency performance. 
Proposal 5:  Redcap devices with both 1Rx and 2Rx should be considered 
2.2.2 Cost reduction analysis

In this subsection, we provide the detailed cost analysis for reduced number of Rx antennas in both TDD and FDD based on the agreed template.  By the instruction of the feature leader, the value in the table is the cost estimates rather than cost reduction estimates. As analysed in Table. 6 and Table. 7, the following observations are obtained. 
Observation 4: Cost in total could be reduced to 62% by reduction of Rx antennas to from 2 to 1 in FDD.

Observation 5: Cost in total could be reduced to 59% or 38% by reduction of Rx antennas to from 4 to 2 and 2 to 1 respectively in TDD.
Table 6 Cost analysis for Rx reduction in FDD
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Table 7 Cost analysis for Rx reduction in TDD
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2.2.3 Potential impact 
The side effect of Rx reduction is coverage loss and spectral efficiency loss. For the coverage part, compared with each DL channel of reference UE, there is about 2.5~4 dB coverage loss when the number of Rx is reduced to 2 and about 7~9 dB loss when the number of Rx is reduced to 1. Coverage recovery is needed. However, considering the general coverage is mainly limited in UL, then there is no need to compensate all coverage loss for all DL channels. Recovering the coverage of the impacted DL channels to the target coverage is sufficient. 
As discussed in our companion contribution [2], time-domain repetitions can be adopted as a basic solution for the coverage recovery. To improve the efficiency, additional solution such as frequency hopping, cross-repetition channel estimation and time-domain precoder cycling can be considered 

Proposal 6: Coverage compensation for Redcap devices with reduced Rx should be considered 
2.3 HD-FDD
HD-FDD operation carries the advantage that UEs may be developed without the need for RF duplexers, and thus the cost and complexity of the device can be reduced.  However, HD-FDD operation sacrifices UE performance on throughput, latency, etc. We do not see the necessity to mandate Redcap UE to support HD-FDD operation. 

Proposal 7: HD-FDD operation can be optionally supported by Redcap UEs in Rel-17
UEs in HD-FDD operation need to switch between DL carrier and UL carrier for reception and transmission. Considering that different UL and DL bandwidth and numerology can be configured, the duration for UE switching from DL to UL and from UL to DL should be defined.  UE is not expected to receive or transmit in the switching duration. The length of the switching duration including carrier/BWP switching should be determined by RAN4. 

Proposal 8: Duration for HD-FDD UE to switch from UL to DL, and from DL to UL should be determined by RAN4.
Finally, UEs in HD-FDD operation cannot transmit and receive simultaneously. If UL transmission and DL reception overlaps in time domain, or if the gap between UL and DL is less than the switch duration, collision happens in a HD-FDD UE. The UL UE operation includes PUCCH transmission, configured grant or dynamic scheduling PUSCH transmissions, etc.; and the DL UE operation includes PDCCH monitoring, measurement, SSB, configured grant or dynamic scheduling PDSCH reception, etc. Although gNB scheduling can be helpful to resolve some UL/DL collision, it may not preclude all the collisions. 

In LTE HD-FDD UE, the guard period is defined as period(s) before and after (only for Type B) UL transmission. The DL reception within the guard period will be dropped, which implies that the UL transmission will be prioritized. For NR UE not capable of full-duplex, guard period is defined as periods after UL transmission and after DL reception, which implies that the preceding UE operation will be prioritized. 
Reusing the principle to always prioritize UL Tx or preceding operation may not be suitable for Redcap HD-FDD UE, considering the flexible transmission duration and scheduling in NR. For HD-FDD UE, it would be beneficial to keep a similar UE behaviour as existing TDD UE behaviour. The gNB should be able to configure DL or UL durations for HD-FDD UE. If the configuration is not provided, the HD-FDD UE should behave similar as TDD UE in flexible slots.

Proposal 9: The gNB should be able to configure DL or UL durations for HD-FDD UE
3 Conclusion
In this contribution, we discuss the potential complexity reduction solutions, based on the discussion, our views are summarized as follows
Proposal 1: Redcap devices with variable UE capabilities should be considered 
Proposal 2: Consider to support 40MHz UE bandwidth at least for wearable devices
Proposal 3: Separate initial BWP configuration between normal UEs and reduced capability UEs should be supported 
Proposal 4: Consider extending the CORESET duration in time domain to enhance the CORESET capacity

· Reuse the existing mapping design of REG bundle, CCE and PDCCH as much as possible
Proposal 5:  Redcap devices with both 1Rx and 2Rx should be considered 
Proposal 6: Coverage compensation for Redcap devices with Reduced Rx should be considered 
Proposal 7: HD-FDD operation can be optionally supported by Redcap UEs in Rel-17
Proposal 8: Duration for HD-FDD UE to switch from UL to DL, and from DL to UL should be determined by RAN4.

Proposal 9: The gNB should be able to configure DL or UL durations for HD-FDD UE
Observation 1:

· UEs with 40MHz and 1Rx achieve better cost saving gain than UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx achieve similar power saving gain with UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx outperform UEs with 20MHz and 2Rx in terms of device size

· UEs with40MHz and 1Rx show inferior performance to UEs with 20MHz and 2Rx from the aspect of spectral efficiency
· UEs with40MHz and 1Rx experience more coverage loss compared with UEs with 20MHz and 2 Rx
Observation 2:

·  Reducing the UE bandwidth from 100 MHz to 20MHz would achieve about  32% cost saving

·  Reducing the UE bandwidth from 100MHz to 40MHz would achieve about 25%  cost saving
Observation 3: At least from the aspect of impact due to reduced UE bandwidth, there is no need to import additional SSB, CORESET#0 and for Redcap. 
Observation 4: Cost in total could be reduced to 62% by reduction of Rx antennas to from 2 to 1 in FDD.

Observation 5: Cost in total could be reduced to 59% or 38% by reduction of Rx antennas to from 4 to 2 and 2 to 1 respectively in TDD.
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