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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 101-e meeting 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.



In this contribution, we discuss some views on the potential UE complexity reduction features.
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Reduced number of UE RX/TX antennas
In last RAN1 101-e meeting, 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 according to the TR 36.888 [2]. 
Table 1 provides relative cost estimates of functional blocks in a reference NR agreed in last meeting. Note that the reference NR device supports 4Rx/1Tx for FR1 TDD. Two function blocks Turbo decoding and DL control processing & decoder in TR 36.888 [2] are substituted by LDPC decoding and DL control processing & polar decoder. The relative costs of these two functional blocks are dependent on implementation. Here we assume that the LDPC decoding have same percentage as the turbo decoding in baseband and the DL control processing & polar decoder have same percentage as the DL control processing & decoder in base band.
According to the Table 1, 25-39% cost saving of the overall cost can be achieved by reducing the Rx chains to 2 Rx relative to he reference NR device with 1Tx/4Rx. While 37-59 % cost saving of the overall cost can be achieved by reducing the Rx chains to 1 Rx relative to the reference NR device with 1Tx/4Rx. Considerable cost saving is expected by reducing the number of Rx chains.
Observation 1: The overall estimated cost savings for two receive RF chains RedCap UE relative to that of the reference NR device with 1Tx/4Rx is in the range 25-39%. Meanwhile, the overall estimated cost savings for one receive RF chains RedCap UE relative to that of the reference NR device with 1Tx/4Rx is in the range 37-59%.









Table 1: Relative cost saving estimation for 2Rx and 1Rx compared to reference NR device supporting 4Rx/1Tx for FR1 TDD
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown
(for Evaluation)
	2Rx/1Tx
	1Rx/1Tx

	RF
	
	
	

	Power amplifier
	25%-30%
	NA
	NA

	Filters
	5%-10%
	50%
	75%

	RF transceiver
(including LNAs, mixer, and local oscillator)
	40%-50%
	38% (*)
	56% (*)

	Duplexer /Switch
	15%-25%
	NA
	NA

	Other
	0%-10%
	NA
	NA

	Total of RF
	95%-110%
	18-24%
	26-36%

	Baseband
	
	
	

	ADC / DAC 
	10%
	44% (**)
	67% (**)

	FFT/IFFT
	5%
	50%
	75%

	Post-FFT data buffering
	10%-15%
	50%
	75%

	Receiver processing block
	20%-35%
	50%
	75%

	LDPC decoding
	5%-15%
	NA
	NA

	HARQ buffer
	10%-15%
	NA
	NA

	[bookmark: _Hlk47615840]DL control processing & polar decoder
	5%
	NA
	NA

	Synchronization / cell search block
	10%-15%
	50%
	75%

	UL processing block
	5%-10%
	NA
	NA

	MIMO specific processing blocks
	5%-15%
	50%
	100%

	Other
	0%
	NA
	NA

	Total of Baseband
	90%-110%
	29-47%
	45-74%

	Overall relative cost savings
	
	25-39%
	37-59%

	Note: 
* According to the TR 36.888 [2], considering the transmitter and common parts, the radio of 1Tx part to 1Rx part in the whole RF transceiver is estimated as 4:3 for the cost breakdown evaluation.
**ADC functional block is typically more costly than the DAC functional block as indicated in TR 36.888 [2]. The radio of ADC to DAC is estimated as 2:1 for the cost breakdown evaluation.


 
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 Rx could cause the downlink coverage loss and require solutions 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 instead cause a more power consumption and affect the whole DL system spectral efficiency. 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 Rel-17 RedCap UE can be half of that for Rel-15/16 legacy UEs depending on operating band. Consequently, an unified coverage compensation for downlink loss is desirable from specification perspective. 
Furthermore, for a 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 number 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 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 affect the system efficiency. Thus, a Redcap UE with a same number of Rx chains is desirable for an operating band.
Proposal 1: A required number of Rx antenna ports for the Rel-17 complexity reduction UE can be considered to be reduced to half of that for the Rel-15/16 legacy UEs depending on operating band.
UE Bandwidth reduction
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. The specification impact especially for the initial access would be minimized for the RedCap UE for FR1. 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 CORESET#0 can be up to 69MHz. Further taking the SS/PBCH block and CORESET multiplexing pattern 2 and 3 into account, it would be challengeable for the RedCap UE to perform initial access on these cells. Standard efforts would be required to address these kinds of issues such as new location for CORESET#0, omitting receiving the channel/signal outside of the RedCap UE’s supportable maximum bandwidth, and so on. 
Observation 2: For a RedCap UE supporting at least 20M maximum UE bandwidth for FR1, the specification impact especially for the initial access is minimized.
Proposal 2: For a RedCap UE supporting 50M and 100M maximum UE bandwidth for FR2, some solutions to address the issues (e.g. multiplexing pattern or CORESET#0 configuration requiring a larger bandwidth than the RedCap UE supportable maximum bandwidth) as follows should be studied.
· Cell barring
· new location for CORESET#0
· 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, especially for massive deployment of the IWSNs which do not require a stringent latency and data rate requirement, it is very beneficial. 
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, 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. 
Observation 3: Considering some support of a UE incapable of full-duplex communication and simultaneous transmission and reception was already introduced in the NR RAN1 specification, a not much RAN1 standardization effort other than the capability signalling for the HD-FDD operation Type A would be required.
[bookmark: _GoBack]A longer gap time for Tx and Rx switch is required for HD-FDD operation Type B. The current NR RAN1 specification already enable timing/resource flexibility control such as flexible scheduling timing, PDSCH/PUSCH mapping type, flexible resource allocation. It could be anticipated that the RAN1 standardization effort is minimized for the HD-FDD operation Type B.
Observation 4: Considering current NR RAN1 specification already enables timing/resource flexibility control, RAN1 standardization effort for HD-FDD operation Type B would be minimized. 
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: The overall estimated cost savings for two receive RF chains RedCap UE relative to that of the reference NR device with 1Tx/4Rx is in the range 25-39%. Meanwhile, the overall estimated cost savings for one receive RF chains RedCap UE relative to that of the reference NR device with 1Tx/4Rx is in the range 37-59%.
Proposal 1: A required number of Rx antenna ports for the Rel-17 complexity reduction UE can be considered to be reduced to half of that for the Rel-15/16 legacy UEs depending on operating band.
Observation 2: For a RedCap UE supporting at least 20M maximum UE bandwidth for FR1, the specification impact especially for the initial access is minimized.
Proposal 2: For a RedCap UE supporting 50M and 100M maximum UE bandwidth for FR2, some solutions to address the issues (e.g. multiplexing pattern or CORESET#0 configuration requiring a larger bandwidth than the RedCap UE supportable maximum bandwidth) as follows should be studied.
· Cell barring
· new location for CORESET#0
· 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 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: Considering current NR RAN1 specification already enables timing/resource flexibility control, RAN1 standardization effort for HD-FDD operation Type B would be minimized. 
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