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1 Introduction
During the RAN1#101-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 extensively discussed. Based on the discussion, the following consensus related UE complexity reduction was reached. 
	Agreements: 

· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access

· Other bandwidths FFS

· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 

· Other bandwidths FFS

Agreements:

· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.

· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:

· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

Agreements: The reference NR device for evaluation of cost/complexity reduction supports the following:

· All mandatory Rel-15 features (with or without capability signaling)

· Single RAT

· Operation in a single band at a time

· Band and duplex mode support: 

· FR1: Operation in a single FDD band or a single TDD band at a time

· FR2: Operation in a single TDD band at a time

· Maximum bandwidth: 

· For FR1: 100 MHz for DL and UL

· For FR2: 200 MHz for DL and UL

· Antennas: 

· For FR1 FDD: 2Rx/1Tx

· For FR1 TDD: 4Rx/1Tx

· For FR2: 2Rx/1Tx

· Power class: PC3

· Processing time: Capability 1

· Modulation: 

· For FR1: support 256QAM for DL and 64QAM for UL

· For FR2: support 64QAM for DL and 64QAM for UL

· Access: Direct DL/UL access between UE and gNB

Note: The study will consider impacts on the cost/complexity reduction from support of multiple RF bands within FR1 or FR2.




In this contribution, we continue the discussion on the potential features reduction based on the current progress.  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 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.
Table 1 Requirements in different use case

[image: image1.png]Use cases Datarate E-to-E latency reliability Battery life
Tndustrial wireless Tess than 100 ms, Few years
sensors L EmMANTTS S-10ms safety related | 0 2% | o5 yrin TR 22.832)
; Economic video: 2-4Mbps
Video Swrveillance | 0 528 Mops less than 500ms 99%-~ 99.9%
Reference bt rate 5~S0Mbps in DL
Wearables 2o UL Same as eMBB Same as eMBB R A

Peak DL up to 150Mbps.
peak UL up to S0Mbps.

(up to 1-2 weeks)





Considering the diverse requirement on the data rate, enabling all the Redcap UEs to support the same peak data rate is not cost and power efficient. It is better to compress the cost and power consumption as much as possible on the base fulfilling the requirement. In this case, as we discussed in our companion contribution [3], more than one device types should be considered so as to provide different data rate support. For example, low-end device type and high-end device type can be defined. High-end devices could provide up to 150Mbps data rate in DL and up to 50Mbps data rate in the UL and low-end devices could support the data rate of  up to [10] Mbps in DL and up to [5]Mbps in UL. 

Proposal 1: More than one Redcap device types providing different peak data rate should be supported to adapt different use cases
Since the provided data rate highly depends on the bandwidth, MIMO layer and modulation order. So, Table.2  lists possible combinations for these 3 capabilities and calculate the corresponding peak data rate for analysis for 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. In the following section, we will perform analysis for these options and provide our views. 
Table 2 Possible UE features in FR1 and corresponding peak data rate
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2.1 Reduced UE bandwidth 
In this section, we first analyse the candidate UE bandwidth in DL and UL considering the requirement of data rate, power consumption, cost and etc., and then figure out possible impact due to reduced UE bandwidth
2.1.1 Potential UE bandwidth for Redcap in FR1
During the last 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 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 requirement of 150 Mbps data rate. To reach the target of data rate for high-end devices, 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 former size, power consumption and cost. 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 former size limitation, so Opt.3-DL is more beneficial in terms of former 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 100MH. 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.  However, in TR 38.840, there is no power consumption scaling model for the case of reducing Rx from 4 to 1 in FR1. Therefore, for this part, RAN1 should further study and model the detailed power consumption so as to figure out the overall power consumption. Regarding the cost aspects, we recommend RAN1 to study the cost reduction for both Opt.2-DL and Opt.3-DL. 
Table 3 Comparison between Opt.2-DL and Opt.3-DL
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In our opinion, RAN1 should further study both Opt.2-DL and Opt.3-DL from the aspects of power consumption and cost. If there is no big difference in the cost and power consumption, both options should be supported to for different use cases. 
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, then in this case, it is better to support UL UE bandwidth of 40MHz. Although asymmetric DL and UL bandwidth is already supported, it only applicable in limited use cases.  

Proposal 2: 
· For DL: 
· Further study the option of UE equipping with 40MHz and 1 Rx and the option of UE equipping with 20MHz and 2Rx from the perspective of power consumption and cost in FR1
· If the power consumption and cost in both options is similar, support both options in FR1
· For UL: 
· In FR1, Further study the option of UE equipping with 20MHz and 64 QAM and the option of UE equipping with 40MHz and 16 QAM from the perspective of power consumption, cost and impact from DL 
2.1.2 Potential impact due to reduced bandwidth
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: 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. 4 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’tbe  used. In this case, solutions to extending the CORESET capacity can be considered. 
Table 4 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 Reduced Tx/Rx

As it was studied in 36.888 for LTE, it is recommended to use the following RF cost metric for analysis:
· Number of RF chains/antenna ports

· Replacing of  some components by less expensive components
Firstly, as noted in the SID, the study should be focused on the SA mode and single connectivity. Thus, comparing with UE supporting dual connectivity, the cost of RF chains is saved. And then we could consider further reduction on the number of antennas as possible.  The minimum requirement on UEs of previous NR release is 1 Tx antenna and 4 Rx antennas (for band n7, n38, n41, n77, n78, n79) or 1Tx and 2Rx antennas (for the other bands), but for wearables such as smart watch, in which form factor is limited by human wrist and 1Rx antenna may always have to be considered, so the further reduction is necessary. In RAN1 #101e, it is discussed and agreed as the following:
Agreements:

· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.

· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.

For FR1, on one hand, the Tx/Rx of common RedCap UE could be reduced according to the bands from 4Rx to 2Rx (for band n7, n38, n41, n77, n78, n79) and from 2Rx to 1Rx for the other bands accordingly. On the other hand, for form factor limited wearable devices such as smart watch, one Rx should be always permitted. So, Rx reduction coupled with current requirement for specific band is not the right reproach for the Tx/Rx reduction of Redcap.

As we discussed in our companion contribution, more than one device type should be defined. Accordingly, 1Rx or 2Rx could be specified as the baseline the Redcap UE device types.

Proposal 5: 1Rx/1Tx should always be allowed for the specific type of Redcap UE at least for FR1.

The direct impact on the reduction of the number of UE Rx antenna is the DL coverage loss, especially for the bands in which 4Rx shall be supported in Rel_15 and Rel_16, the coverage loss could be an issue for UE with 1Rx if no special coverage compensation or enhancement approaches are considered. According to the simulation results in our companion contribution [2], on the DL coverage loss with the reduction to 1Rx antenna is more than 6dB.

In addition, the coverage performance may further degrades considering the antenna efficiency loss. The antenna efficiency of wearables is discussed in RAN #88e and revised in the new SID RP-201386 as below. 

Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB. 

In order to avoid the obvious impact to the network capacity and spectral efficiency, specific coverage compensation on both the downlink and uplink should be studied especially for the 1Rx/1Tx antenna option. 

Proposal 6: Specific coverage compensation approaches should be studied.
For FR2, 2Rx/1Tx could be considered for some use case, especially low mobility device, where 2Rx may be necessary due to the high frequency band and the compact antenna panel design. The antenna reduction in FR2 need further discussion, however, the priority is not high.

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: More than one Redcap device types providing different peak data rate should be supported to adapt different use cases

Proposal 2: 

· For DL: 

· Further study the option of UE equipping with 40MHz and 1 Rx and the option of UE equipping with 20MHz and 2Rx from the perspective of power consumption and cost in FR1
· If the power consumption and cost in both options is similar, support both options in FR1
· For UL: 

· In FR1, Further study the option of UE equipping with 20MHz and 64 QAM and the option of UE equipping with 40MHz and 16 QAM from the perspective of power consumption, cost and impact from DL 

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: 1Rx/1Tx should always be allowed for the specific type of Redcap UE at least for FR1.
Proposal 6: Specific coverage compensation approaches should be studied.
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: 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. 
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