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Introduction
In RAN#88e meeting, a revised Rel-17 study item [1] includes the following objectives.
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Agreements relating to study of UE complexity reduction were reached in the previous RAN1 e-meetings as follows.
	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:
· 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.
Agreements:
· 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:
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· Include antenna parts at least in the cost/complexity breakdown for FR2.
· Potential benefits in terms of reduced device size can be mentioned where applicable in the TR (e.g. in the section on reduced number of antennas), but the SI will not aim to quantify such benefits.
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
· 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.
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.
[bookmark: _Hlk49419066]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 discuss some views on the potential UE complexity reduction features.
[bookmark: OLE_LINK1]Discussions
Reduced number of UE RX/TX antennas
In previous RAN1 e-meetings, two antenna configurations (i.e. 1Rx/1Tx and 2 Rx/1Tx) have been agreed to study. The reduction of Rx antennas can reduce not only the size of module but also the cost. Due to the reduced RF chains, the cost in RF (filters, RF transceiver) and baseband (DAC, FFT/IFFT, post-FFT data buffering, receiver processing block, synchronization/cell search block, MIMO specific processing blocks) can be saved. 
From the cost saving perspective, the more the number of Rx chains is reduced, the more the cost could be saved. However, the reduction of UE Rx antennas could cause impact on the performance, the coexistence with the legacy UEs and the specification. Regarding the impact on the performance, the reduced number of UE Rx antennas would cause the downlink coverage loss and require solutions and specification changes to compensate the loss of the downlink coverage. The excessive reduction of Rx results in more coverage loss, for example, a more repetition for DL transmission may be required to recover the downlink coverage and affect the whole DL system spectral efficiency. Considering different coverage between the RedCap UEs and the legacy UEs, especially in the initial access, gNB shall treat the RedCap UEs and the legacy UEs as a same UE type. Thus the coexistence impact on receiving the DL channel especially in the initial access should be taken into consideration.
Observation 1: For reduced number of UE antennas, the coexistence impact on receiving the DL channel especially in the initial access should be taken into consideration.
One thing should be noted that, for Rel-15/16 UE, the minimum mandatory number of Rx antenna ports 2 or 4 to be equipped is depending on the operating band. For operating bands where the Rel-15/16 legacy UEs are equipped with 4 Rx antenna ports, the necessity to excessively reduce 4 Rx antenna ports to 1 for the Rel-17 complexity reduction UE should be further investigated. The required Rx antenna ports for RedCap UE can be half of that for the legacy UEs depending on operating band. Consequently, an unified coverage compensation for downlink loss for bottleneck channels is desirable from specification perspective. That is, for an operating band, the all RedCap UEs camping on the operating band had better support one number of the RX antenna.
Furthermore, for an operating band where the legacy NR UEs are equipped with 4 Rx antenna ports, if both the RedCap UE with 1Rx and the RedCap UE with 2 Rx are allowed to camp on this band, additional mechanism for gNB to further identify the RedCap UEs with different numbers of Rx is required, which instead cause unnecessary complexity. Basically, the RedCap UEs with different number of Rx chains would require different downlink coverage recovery. Before the gNB is aware of the RedCap UE’s capability, whether some resource fragmentations are required to further identify the RedCap UEs, especially for the initial access. Or whether gNB should always assume the worst case for downlink coverage loss compensation, which would further affect the system efficiency. Thus, a Redcap UE with a same number of Rx chains is desirable for an operating band.
Taking the above analysis into consideration, we propose,
Proposal 1: It is desirable that the all RedCap UEs camping on a depending band support one number of UE Rx antennas for the depending band. The support number of UE RX antennas can be considered to be half of the mandatory equipped Rx antennas for the legacy UEs. 
UE Bandwidth reduction
Regarding the specification impacts, for FR1, at least 20MHz maximum UE bandwidth has been agreed to study at least for initial access. The RedCap UE supporting 20MHz is capable of accommodating all the configuration of the SSB and the CORESET#0. Given SIB1 may indicate an initial DL BWP different from the size of the CORESET#0, specification impact on capability signalling or the earlier identification of the RedCap UEs therefore should be considered. Overall the specification impact especially for the initial access would be minimized for the RedCap UE for FR1. 
Observation 2: For a RedCap UE supporting at least 20M maximum UE bandwidth for FR1, overall the specification impact especially for the initial access is minimized. The specification impact on capability signaling or the earlier identification of the RedCap UEs should be considered. 
On the other hand, for FR2, 50M and 100M maximum UE bandwidth have been agreed to study at least for initial access. The bandwidth of SSB with 240KHz can be up to 57.6MHz. The bandwidth of CORESET#0 with 120KHz SCS can be up to 69MHz. Therefore, a RedCap UE supporting 50MHz sometimes may not even receive a whole channel or signal on the SS/PBCH block or the CORESET#0 if the bandwidth of the SS/PBCH and the bandwidth of the CORESET cannot be confined in the RF bandwidth of the RedCap UEs. Further taking the SS/PBCH block and CORESET multiplexing pattern 2 into account, it would be challengeable for the RedCap UE to perform initial access on these cells. Standard efforts for the specification impacts would be required to address these kinds of issues such as cell barring, omitting receiving the channel/signal outside of the RedCap UE’s supportable maximum bandwidth, and so on. 
Proposal 2: For RedCap UEs supporting 50M maximum UE bandwidth for FR2, some potential solutions to address the issues (e.g. SS/PBCH block, CORESET#0 configuration, or multiplexing pattern requiring a larger bandwidth than the RedCap UE supportable maximum bandwidth) as follows can be studied.
· Cell barring for the RedCap UEs. For example, the above-mentioned bandwidth is larger than the supportable maximum bandwidth of the RedCap UEs. 
· Allowing to omit reception of channel/signal outside of its supportable maximum bandwidth, and so on.
Half-Duplex-FDD
A half-duplex FDD capable UE is not equipped with a duplexer, which save the UE cost. According to the TR36.888 [2], removing a duplexer would provide 4-8% cost saving of the overall cost relative to the FD-FDD UE device. Although it may be not a considerable saving, it may be beneficial especially for some use cases that do not require a stringent latency and data rate requirement.
TR 36.888 [2] had summarised that supporting half-duplex operation would not result in loss of coverage and the downlink coverage of an HD-FDD UE is expected to be at least as good as that of an FD-FDD UE. 
Furthermore, regarding the impact on the specification, a not much RAN1 standardization effort would be required at least for supporting the HD-FDD operation Type A other than the capability signalling, considering some support of a UE incapable of full-duplex communication and simultaneous transmission and reception was introduced in the NR specification. The transition time between the transmission and reception for the UE incapable of full-duplex communication and simultaneous transmission and reception in Rel-15 can be considered as a baseline for the HD-FDD Type A UE.  
Observation 3: Considering some support of a UE incapable of full-duplex communication and simultaneous transmission and reception was already introduced in the Rel-15 NR RAN1 specification, a not much RAN1 standardization effort other than the capability signalling for the HD-FDD operation Type A would be required.
Relaxed UE processing time N1 and N2
In the last RAN1 e-meeting, for purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of Capability #1. Basically, the relaxed UE processing times in terms of N1/N2 may only impact on the cost of the receiver processing block and UL processing block in the baseband. The cost reduction may be beneficial for some use cases, for example, some industrial wireless sensors and video surveillance have relaxed latency requirements of up to 100ms or 500ms. 
During the e-mailing discussion of the RAN1#102e [3], a coexistence impact around whether identification of RedCap UEs before Msg3 is needed or not for relaxed UE processing time is kept as FFS. In our view, the FFS should be removed. Several companies had mentioned the potential impacts related to the default TDRA tables. At least for uplink transmission (e.g. the Msg3 initial transmission and its retransmission), in our views, the doubled symbols for N2 may result in some inapplicable row indexes of the default A. The larger the SCS of the uplink transmission becomes, the more row indexes of the default TDRA table A cannot be used for uplink scheduling. For example, we consider that the SCS is 120kHz. The relaxed N2 is 72 symbols which is larger than 5 slots. Basically most of the row indexes whose K2s correspond to j, j+1, j+2 (j=3 for 120 kHz SCS) cannot be used as scheduling timing of the Msg3 initial transmission and its retransmission. Without an earlier identification of RedCap UEs before Msg3, the gNB may need to always assume a worst case for the RedCap UEs and the legacy UEs. That is, the gNB, for example, can only use two rows with K2=j+3 for 120kHz SCS in the default TDRA table A to schedule the Msg3 initial transmission and its retransmission. Moreover, sometimes there is no available UL resource in the slot indicated by the K2=j+3. It therefore definitely restricts the scheduling of the legacy UEs.    
According to the above analysis, we observed that,
Observation 4: For relaxed UE process time, one coexistence impact that identification of RedCap UEs before Msg3 may be needed can be captured in the TR. 

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: For reduced number of UE antennas, the coexistence impact on receiving the DL channel especially in the initial access should be taken into consideration.
Proposal 1: It is desirable that the all RedCap UEs camping on a depending band support one number of UE Rx antennas for the depending band. The support number of UE RX antennas can be considered to be half of the mandatory equipped Rx antennas for the legacy UEs. 
Observation 2: For a RedCap UE supporting at least 20M maximum UE bandwidth for FR1, overall the specification impact especially for the initial access is minimized. The specification impact on capability signaling or the earlier identification of the RedCap UEs should be considered. 
Proposal 2: For RedCap UEs supporting 50M maximum UE bandwidth for FR2, some potential solutions to address the issues (e.g. SS/PBCH block, CORESET#0 configuration, or multiplexing pattern requiring a larger bandwidth than the RedCap UE supportable maximum bandwidth) as follows can be studied.
· Cell barring for the RedCap UEs. For example, the above-mentioned bandwidth is larger than the supportable maximum bandwidth of the RedCap UEs. 
· Allowing to omit reception of channel/signal outside of its supportable maximum bandwidth, and so on.
Observation 3: Considering some support of a UE incapable of full-duplex communication and simultaneous transmission and reception was already introduced in the Rel-15 NR RAN1 specification, a not much RAN1 standardization effort other than the capability signalling for the HD-FDD operation Type A would be required.
Observation 4: For relaxed UE process time, one coexistence impact that identification of RedCap UEs before Msg3 may be needed can be captured in the TR.
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