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Discussion and decision
1 Introduction
In SID [1], the following objective was agreed:

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.

This paper will discuss methodology of evaluation on UE complexity reduction, and techniques of reducing UE complexity.
2 Complexity breakdown of reference UE 
As agreed in RAN 1 #101b-e meeting, the same methodology in TR 38.888 is used as a starting point to determine UE cost/complexity evaluation. Table 1 summarizes the cost/complexity breakdown of reference UEs based on the agreed assumptions (listed in appendix) in previous RAN 1 meeting. In the complexity breakdown, we try to reuse similar main functional blocks as for LTE device breakdown in TS 36.888 [2]. However, the ratio of RF to baseband costs is adjusted compared with LTE Cat 1. For NR device, the ratio of RF is increased, especially for FR2 due to the more challenges on NR RF design, so the parentage of the cost of baseband decreases. In addition, the cost of antenna array for FR2 is added. 
Proposal #1: Take Table 1 as a starting point for complexity breakdown of reference UEs.

Table 1 Complexity breakdown of reference UEs
	Functional block
	Cost break down for FR1 FDD (2Rx)
	Cost break down for FR1 TDD (4Rx)
	Cost break down for FR2

	Ratio of RF to baseband cost
	40:60
	50:50
	60:40

	RF

	Antenna Array for FR 2
	
	
	30%~35%

	Power amplifier 
	25%-30%
	28%-35%
	15%~20%

	Filters
	5-10%
	5%-10%
	5%-10%

	RF transceiver
(including LNAs, mixer, and local oscillator)
	40%-50%
	45%-55%
	40%

	Duplexer / Switch
	10-20%
	2-3%
	0%

	ADC / DAC
	5%
	5%
	5%

	Total
	85%-115%
	85%-108%
	85%-108%

	Baseband

	FFT/IFFT
	5%
	5%
	5%

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

	Receiver processing block
	20%-35%
	20%-35%
	20%-35%

	LDPC decoding
	5%-15%
	5%-15%
	5%-15%

	HARQ  buffer
	10%-15%
	10%-15%
	10%-15%

	DL control processing & decoder
	5%
	5%
	5%

	Synchronization / cell search block
	5%-10%
	5%-10%
	5%-10%

	UL processing block
	5%-10%
	5%-10%
	5%-10%

	MIMO specific processing blocks
	10%-20%
	10%-20%
	15%-25%

	Total
	[90%-110%]
	[90%-110%]
	[90%-110%]


3 Techniques of UE complexity reduction
3.1 Reduced number of UE RX/TX antennas
For both FR1 and FR2, 1Rx/1Tx and 2Rx/1Tx were agreed to be studied. In addition, based on WID [1], additional antenna efficiency loss can be considered for FR1 for wearable. 

Complexity Reduction
Table 3 summarized the complexity reduction for FR1 and FR2 by reducing from 4Rx to 2Rx/1Rx and 2Rx to 1Rx. For RF part, except for duplexer/switch and power amplifier, all the other blocks can have some complexity reduction. For Baseband part, different from LTE Cat 1 that only supports single layer DL reception, NR device supports 2/4 layers DL MIMO depending on the number of Rx antennas. Therefore, if reducing the number of Rx antennas, LDPC decoding, HARQ buffer, and MIMO specific processing blocks can also provide complexity reduction accordingly. That is, except DL control processing & decoder and UL processing block, all the other blocks can have some complexity reduction. The total complexity reductions from UE Rx antennas reduction are summarized in Table 2. Other than complexity reduction, at least for FR1, reduced number of UE Rx antennas can benefit for device size due to reduce the number of physical antennas. 
Observation #1: 
· Reduced number of UE Rx antennas from 2Rx to 1Rx for FDD can provide about 33.2% cost/complexity reduction

· Reduced number of UE Rx antennas from 4Rx to 2 1Rx for TDD can provide about 37.5%/56.2% cost/complexity reduction respectively
· Reduced number of UE Rx antennas from 2Rx to 1Rx for FDD can provide about 33.2% cost/complexity reduction

Observation #2: At least for FR1, reduced number of UE Rx antennas can be benefit for small device size.
Table 2 Summary of complexity reduction for reduced number of UE Rx antennas
	Cost/complexity reduction
	Antenna reduction from 2Rx to 1Rx for FDD
	Antenna reduction from 4Rx to 2 Rx/1Rx for TDD FR 1
	Antenna reduction from 2 Rx to 1 Rx for FR 2

	RF
	28.7%
	31.15%/46.8%
	42.4%

	Baseband 
	43.8%　
	43.8%/65.6%
	43.8%　

	Total 
	33.2%
	37.5%/56.2%
	49.64%


Coverage Analysis 

UE Rx antennas reduction will reduce the DL coverage. Some preliminary simulation results on PDCCH and PDSCH can be found in [3]. The target data rate of PDSCH can be reduced compared with eMBB. Therefore, the coverage of PDSCH with a lower target data rate at cell edge has ~4dB coverage loss depending on the number of antennas. Even with coverage loss, PDSCH is not the bottleneck of the coverage. For PDCCH,  ~10 dB or ~4dB loss (without considering antenna loss) is observed when reducing from 4 to 1  Rx antennas for urban or from 2 to 1 Rx antennas for FR 1 for rural and ~4 dB loss for FR 2 by reducing 2 Rx to 1 Rx. As analysis in [3], compared with other channels, although PUSCH is still the bottleneck, PDCCH may need some enhancement to provide similar performance as for eMBB, especial for PDCCH in CSS. In addition, a reduced SINR for SSB detection with less Rx UE primarily translates into a penalty in terms of acquisition time. 
Observation #3: 
· With lower target date rate at cell edge, there is 4dB coverage loss for PDSCH depending on number of reduced antennas. PDSCH is not the bottleneck channel of the cell coverage.  
· There are ~10dB or ~4 dB coverage loss for PDCCH with antenna reduction to 1 antenna from 4 or 2 Rx for urban and rural cases respectively.  
· A longer acquisition time for SSB detection is expected. 
· No impact on coverage for PUSCH.
Performance Impact 
Spectral efficiency reduction when considering a number of antenna reduction for Rx is expected to be due to number of layers supported by UEs and use more robust MCS on PDSCH for single layer. In addition, to work on a given SINR, more resource is needed for PDCCH. 
Observation #4: Spectral efficiency will be reduced due to reduced number of UE Rx antennas.

Coexistence with Legacy UEs
UE with less Rx antenna can coexist with legacy UEs in general. However, due to reduction of Rx, lower SINR will be observed at UE side. It is benefit for gNB to early learn that the UE has less Rx, e.g., during RACH procedure. Otherwise, gNB need to use more DL resources for both legacy UEs and RedCap UEs with 1 or 2 Rx to make sure RAR can be decoded.

Observation #5: RedCap UEs with reduced number of UE Rx can coexist with legacy UEs. 
Impact on Specification 

Some additional specification work is expected in RAN 4 for single Rx RedCap UEs, to define ccorresponding receiver characteristics, performance requirements and requirements relating to the reporting of channel state information.  
The coverage performance loss due to reduced Rx of PDCCH may need to be recovered. As analysis in [3], PDCCH repetition, compact DCI, can be considered to improve coverage of PDCCH. In addition, in order to improve the spectral efficiency CSI enhancement can be considered. 
In addition, in order to compensate the coverage loss, early indication of RedCap UE with less Rx is beneficial so that gNB can choose a proper resource allocation for Msg 2/4/B for RedCap UE with less Rx. For example, indication via PRACH or Msg A/3. 
Observation #6: Some specification impact is expected, such as, for RAN 4, performance requirements needs to be defined. For RAN 1, some coverage recovery of PDCCH and early UE capability report of reduced number of Rx can be considered.

Based on the observations and analysis above, single Rx can be considered for RedCap at least for FR 1. Some techniques to recovery the coverage loss and improve the spectral efficiency can be considered. Early capability report in random access can be further studied. 
Proposal #2: Reduced number of UE Rx antennas to 1 Rx can be supported. Some techniques to recovery the coverage loss and improve the spectral efficiency can be considered. Early capability report in random access can be further studied.
Table 3 Complexity reduction with reduced number of UE Rx antennas 
	Cost break down
	Cost reduction techniques

	Functional block
	Cost break down for FR1 FDD (2Rx)
	Cost break down for FR1 TDD (4Rx)
	Cost break down for FR2
	Antenna reduction from 2Rx to 1Rx for FDD
	Antenna reduction from 4Rx to 2 Rx/1Rx for TDD FR 1
	Antenna reduction from 2 Rx to 1 Rx for FR 2

	Ratio of RF to baseband cost
	40:60
	50:50
	60:40
	　
	　
	　

	RF

	Antenna array for FR2
	
	
	30%~35%
	NA
	NA
	50%

	Power amplifier 
	25%-30%
	28%-35%
	15%~20%
	NA
	NA
	NA

	Filters
	5-10%
	5%-10%
	5%-10%
	50%
	50%/75%
	50%

	RF transceiver
(including LNAs, mixer, and local oscillator)
	40%-50%
	45%-55%
	40%
	50%
	50%/75%
	50%

	Duplexer / Switch
	10-20%
	2-3%
	0%
	NA
	NA
	NA

	ADC / DAC
	5%
	5%
	5%
	30%
	30%/40%
	30%

	Total
	85%-115%
	85%-108%
	85%-108%
	28.7%
	31.15%/46.8%
	42.4%

	Baseband

	FFT/IFFT
	5%
	5%
	5%
	50%
	50%/75%
	50%

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

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

	LDPC decoding
	5%-15%
	5%-15%
	5%-15%
	50%
	50%/75%
	50%

	HARQ  buffer
	10%-15%
	10%-15%
	10%-15%
	50%
	50%/75%
	50%

	DL control processing & decoder
	5%
	5%
	5%
	NA
	　NA
	NA

	Synchronization / cell search block
	5%-10%
	5%-10%
	5%-10%
	50%
	50%/75%
	50%

	UL processing block
	5%-10%
	5%-10%
	5%-10%
	NA
	NA
	NA

	MIMO specific processing blocks
	10%-20%
	10%-20%
	15%-25%
	50%
	50%/75%
	50%

	Total
	[90%-110%]
	[90%-110%]
	[90%-110%]
	43.8%　
	　43.8%/65.6%
	43.8%　


3.2 UE bandwidth reduction 

In previous RAN 1 meeting, at least for initial access, 20MHz maximum UE bandwidth for FR 1 and 50/100MHz maximum UE bandwidth for FR 2 were agreed to be studied. With bandwidth reduction, UE can only transmit UL or receive DL within the reduced bandwidth at one time. 
Complexity Reduction

Table 5 provides some analysis on complexity reduction for potential UE bandwidth reduction for FR 1 and FR2 for each functions. For RF part, since the sampling rate can be reduced, there are some limited saving on ADC/DAC. For baseband part, most of blocks can have some complexity reduction with bandwidth reduction, except DL control processing & decoder, and cell search block. For UL processing block, the impact is not much. The total complexity reductions from UE bandwidth reduction are summarized in Table 4.
Observation #7: 
· Reduced bandwidth from 100MHz to 20MHz for FR 1 for FDD/TDD can provide about 27.6%/23.8% complexity reduction respectively

· Reduced bandwidth from 200MHz to 100/50MHz for FR 2 can provide about 10.5%/16.54% complexity reduction respectively
Table 4 Summary of complexity reduction for reduced UE bandwidth
	Cost/complexity reduction
	BW reduction from 100MHz to 20MHZ for FR1 for FDD
	BW reduction from 100MHz to 20MHZ for FR1 for TDD
	BW reduction from 200MHz to 100MHZ/50MHz for FR2

	RF
	2.5%　
	2.5%　
	1.25%/2.5%　

	Baseband 
	　45%
	　45%
	　25.5%/38.25%

	Total 
	27.6%
	23.8%
	10.5%/16.54%


Coverage Analysis 

The coverage loss for reduced bandwidth is mainly due to the loss in frequency diversity for PUSCH/PUCCH and PDSCH/PDCCH. However, different from eMTC, 20MHz for FR1 and 100MHz/50MHz for FR2 can already provide quite a lot of frequency diversity. The coverage of PRACH and SSB, are not impacted.  
Observation #8: Some coverage loss due to bandwidth reduction is expected for some channels (e.g. PUSCH/PDSCH), but is it not expected to be much. The coverage of PRACH and SSB are not impacted.  

Performance Impact 

There may be some degradation in DL and UL spectral efficiency due to the loss in frequency selective scheduling gain. The network capacity is not expected to be much with multiple BWPs operation, with which, Redcap UE with reduced bandwidth can be served on different frequency locations. However, with limited BW, it will limited the choices of CORESET 0 for FR 2 with 50MHz BW. All the UL and DL traffic before RRC connection setup and UE specific RRC configuration needs to be transmitted on the bandwidth of CORESET 0. This may have some impact on the network capacity, especially the capacity of initial access. 
Observation #9: There may be some degradation in DL and UL spectral efficiency. Network capacity may be impacted for initial access. 
Coexistence with legacy UEs
For initial access, NR supports 3.6MHz/7.2MHz SSB bandwidth for FR 1 and 28.8MHz/57.6MHz SSB bandwidth for FR 2. The configurable bandwidth of CORESET 0 is from 4.32MHz ~ 17.28MHz for FR1 and 34.56MHz ~ 69.12MHz for FR2. For FR 1, the SSB and CORESET 0 can be shared between legacy UEs and redcap UEs with 20MHz BW. For FR2, there are some restriction on the SSB and CORESET 0 configuration for 50MHz BW, and all the SSB and CORESET 0 configurations can be shared between legacy UEs and redcap UEs with 100MHz BW.

Observation #10: RedCap UEs with reduced bandwidth can coexist with legacy UEs. However, there are some restriction on SSB and CORESET 0 configuration for FR 2 for RedCap UE with 50MHz bandwidth.  
Impact on Specification 

In order to address the potential impact on network capacity for initial access, multiple initial BWPs, or different CORESET 0/initial BWP from legacy UEs can be considered. Alternatively, Redcap UEs operating in a wider BWP bandwidth, with allocated transmission and reception bandwidth no more than bandwidth of RedCap UE can be considered. This can increase the network capacity and also improved the spectral efficiency by increasing scheduling gain with some CSI report enhancement. Since NR Rel-16 only supports CSI report or channel sounding for active BWP, spectral efficiency for data transmission or reception after RRC connection is an issue for RedCap UE with reduced operating BW. When the maximum UE BW for a RedCap UE is smaller than carrier bandwidth, the RedCap UE only operates in an active BWP with limited BWP, thus allows CSI acquisition only for a narrowband. With the CSI for the entire carrier bandwidth, gNB can switch the UE to an ideal BWP with better channel to achieve high spectral efficiency and better coverage. 
In addition, in order to eliminate the impacts or restrictions. For example, separated SSB and CORESET 0 /Type 0 common search space from legacy UE can be considered by reusing Rel-15 SSB design with different channel raster. Alternatively, a shared SSB but separated CORESET 0/Type 0 common search space, or for different CORESET/ Type 0 common search space  for RAR/Msg 3rx/Msg 4 and/or paging outside from CORESET 0/Type 0 common search space can be considered to find more resource for PDCCH and increase network capacity by offloading common traffic for RedCap UEs from COREST 0/Type 0 common search space of legacy UEs. Moreover, with separated CORESET 0 /Type 0 common search space from legacy UEs, it is easy to find more resource to recovery the coverage loss due to bandwidth reduction or other complexity reduction techniques. 
Observation #11: Some specification changes, e.g., multiple initial BWPs, CSI report enhancement, enhancement on COREST 0, are needed  to better support coexistence with legacy UEs and increase spectral efficiency and network capacity. 

Based on the observations and analysis above, reduced bandwidth to 20MHz for FR1. Some specification changes at least including multiple initial BWPs, separated CORESET 0, UE operating in a larger BW, CSI report enhancement can be further studied.  Some further study on bandwidth for FR 2 is needed. 
Proposal #3: Bandwidth reduction to 20MHz for FR1 and to (FFS) 50 and/or 100MHz for FR 2 can be supported. Some specification changes at least including multiple initial BWPs, separated CORESET 0/Type 0 common search space, UE operating in a larger BW, CSI acquisition outside active BWP enhancement can be further studied.  
Table 5 Complexity reduction with reduced UE bandwdith 
	Complexity break down
	Complexity reduction techniques

	Functional block
	Cost break down for FR1 FDD (2Rx)
	Cost break down for FR1 TDD (4Rx)
	Cost break down for FR2
	BW reduction from 100MHz to 20MHZ for FR1
	BW reduction from 200MHz to 100MHZ/50MHz for FR2

	Ratio of RF to baseband cost
	40:60
	50:50
	60:40
	
	　

	RF

	antenna array for FR2
	
	
	30~35%
	NA　
	NA　

	Power amplifier
	25%-30%
	28%-35%
	15%~20%
	NA　
	NA　

	Filters
	5-10%
	5%-10%
	5%-10%
	NA　
	NA　

	RF transceiver
(including LNAs, mixer, and local oscillator)
	40%-50%
	45%-55%
	40%
	NA　
	NA　

	Duplexer / Switch
	10-20%
	2-3%
	0%
	　NA　
	　NA　

	ADC / DAC
	5%
	5%
	5%
	50%
	25%/50%

	Total
	85%-115%
	85%-108%
	85%-108%
	2.5%　
	1.25%/2.5%　

	Baseband

	FFT/IFFT
	5%
	5%
	5%
	80%
	50%/75%

	Post-FFT data buffering
	10%-15%
	10%-15%
	10%-15%
	80%
	50%/75%

	Receiver processing block
	20%-35%
	20%-35%
	20%-35%
	40%
	20%/30%

	LDPC decoding
	5%-15%
	5%-15%
	5%-15%
	40%
	20%/30%

	HARQ  buffer
	10%-15%
	10%-15%
	10%-15%
	80%
	50%/75%

	DL control processing & decoder
	5%
	5%
	5%
	NA　
	NA　

	Synchronization / cell search block
	5%-10%
	5%-10%
	5%-10%
	NA　
	NA　

	UL processing block
	5%-10%
	5%-10%
	5%-10%
	NA　
	NA　

	MIMO specific processing blocks
	10%-20%
	10%-20%
	15%-25%
	40%
	20%/30%

	Total
	[90%-110%]
	[90%-110%]
	[90%-110%]
	45%
	25.5%/38.25%


3.3 Half-Duplex-FDD 

Two types of HD-FDD operations are defined: Type A is to remove the duplexer, and Type B HD-FDD assuming shared oscillator between UL and DL. 
Complexity Reduction

The cost saving reduction of HD-FDD comes from removing the duplexer for Type A HD-FDD, and Type B HD-FDD additionally remove one oscillator.  As shown in Table 6, 4.5% and 8.1% of complexity can be saved for Type A/B HD-FDD respectively.

Observation #12: For FR 1 FDD, 4.5% and 8.1% complexity can be saved for Type A/B HD-FDD respectively.
Coverage analysis / Performance impact / Coexistence with legacy UEs
Since NR can configure time domain resource allocation very flexibility, to give enough gap for UL/DL switching. Therefore, no coverage loss is expected. On the other hand, the noise figure of a switch-based receiver RF chain is less than that of a duplexer-based receiver RF chain, allowing HD-FDD UE receivers to be more sensitive than FD-FDD UE receivers. 

Since gNB will operate in a full duplex FDD mode, the UL or DL resource can be allocated to another UE. Therefore, it is expected that cell spectral efficiency is not impacted when HD-FDD Redcap UEs are supported. Similarly, the is no issue to coexist with legacy UEs. 
Observation #13: The coverage and spectral efficiency are not impacted when HD-FDD UEs are supported. And HD-FDD UE can coexist with legacy UEs. 
Impact on Specification

RAN 4 needs to define switching time and operation band (if needed). RAN 1 spec may already can support HD-FDD with UL/DL configuration and with proper gNB scheduling.  
Based on the observations and analysis above, HD-FDD can be considered with limited specification effort and some complexity gain. Besides, the cost saving from HD-FDD can be directly combined with other techniques. More study may be needed to identify potential specification impact in RAN 1. 
Proposal #4: HD-FDD can be considered for RedCap UE. Further study to identify whether any potential specification change is needed in RAN 1. 
Table 6 Complexity analysis for HD-FDD

	Functional block
	Cost break down for FR1 FDD (2Rx)
	HD-FDD Type A/B

	Ratio of RF to baseband cost
	40:60
	

	antenna array for FR2
	
	

	Power amplifie
	25%-30%
	　

	Filters
	5-10%
	　

	RF transceiver
(including LNAs, mixer, and local oscillator)
	40%-50%
	20%(Type B, remove oscillator)

	Duplexer / Switch
	10-20%
	70%-80%

	ADC / DAC
	5%
	　

	Total
	85%-115%
	　11.25%/20.25%

	Total of all over complexity reduction
	
	4.5% Type A

8.1% Type B


3.4 Relaxed UE processing time 

Relaxing UE processing time including relax processing time for PDSCH decoding (N1), relax processing time for PUSCH preparing (N2) and relax processing time for CSI computing (Z). 
Complexity Reduction

As shown in Table 7, PDSCH decoding time reduction can reduce the cost of receiver processing block and LDPC decoding. If double N1, it will provide about 6.42%~9.63% complexity reduction for different reference UEs. PUSCH preparing time reduction can reduce the complexity of UL processing block. If double N2, it will provide about 1.5%-2.6% complexity reduction for different reference UEs. Similarly, if CSI computing time Z is relaxed to double, the MIMO specific processing block can be reduced and 1.8%~2.7% of complexity reduction can be obtained. 

However, most of the functional blocks will be reduced significantly with bandwidth reduction or Rx reduction. The gain is not directly added but will decreased.  Therefore, considering the potential support of BW reduction and Rx reduction, the complexity reduction from Relaxed UE processing time is limited. 

Observation #14: Relaxing PDSCH decoding time/PUSCH preparing time/CSI computing time to double can provide 6.42%~9.63%/ 1.5%-2.6%/1.8%~2.7% respectively. If combining with other techniques, the effective complexity reduction is limited. 
Coverage analysis / Performance impact
Relaxing UE processing time is not expected to impact on coverage. Since gNB can schedule other UEs during UE processing time, it will not impact on spectral efficiency or network capacity. 
Observation #15: The coverage and spectral efficiency are not impacted when UE processing time is relaxed.
Coexistence with legacy UEs/Impact on Specification
RAN 1 need to introduce PUSCH/PDSCH processing time as well as CSI computing time for a new capability #0. In addition, some specially handling may be needed during random access processing since UE with relaxed processing time and legacy UEs may need to be scheduled with different TDRA table, or restrict the entries can be used. On other hand, to support legacy UEs and RedCap UEs with relaxed processing time may increase gNB’s scheduling complexity. 
Observation #16: In order to coexistence with legacy UEs, some specification change for random access is needed. The coexistence with legacy UEs in a same cell will increase gNB scheduling complexity. 
Based on the observations and analysis above, more study may be needed to explore the gain and identify the potential impact on coexistence with legacy UEs. 
Proposal #5: Further study on necessary specification impact to support relaxed UE processing time. 
Table 7 Complexity analysis for UE processing time relax
	Functional block
	Cost break down for FR1 FDD (2Rx)
	Cost break down for FR1 TDD (4Rx)
	Cost break down for FR2
	Relax processing time: Double N1/N2/Z

	Baseband　

	FFT/IFFT
	5%
	5%
	5%
	　

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

	Receiver processing block
	20%-35%
	20%-35%
	20%-35%
	40% (N1)

	LDPC decoding
	5%-15%
	5%-15%
	5%-15%
	50% (N1)

	HARQ  buffer
	10%-15%
	10%-15%
	10%-15%
	　

	DL control processing & decoder
	5%
	5%
	5%
	　

	Synchronization / cell search block
	5%-10%
	5%-10%
	5%-10%
	　

	UL processing block
	5%-10%
	5%-10%
	5%-10%
	50% (N2)

	MIMO specific processing blocks
	10%-20%
	10%-20%
	15%-25%
	30% (Z)

	Total
	[90%-110%]
	[90%-110%]
	[90%-110%]
	　

	Total saving 
	N1: 9.63%

N2: 2.6%

Z:2.7%
	N1:8%

N2: 1.88%

Z:2.25%
	N1: 6.42%

N2: 1.5%

Z:1.8%
	


3.5 Relaxed UE processing capability 

Several techniques had been discussed in RAN 1 #101b-emeeting, including: 
· Reducing the maximum number of MIMO layers
· Maximum modulation order restriction
· Reduced number of HARQ processes 
· Reduced max TBS
Complexity Reduction
Reducing MIMO layers will only bring some complexity gain in baseband. Therefore, most of the baseband cost reduction of Table 2 can be obtained except FFT/IFFT and post FFT buffer. Table 8 provides the total complexity saving with reduced MIMO layer 14% ~21% of complexity reduction can be obtained when reducing from 2 layers to 1 layer, and ~26.3%  of complexity reduction can be obtained when reducing from 4 layers to 1 layer. 
Restriction on modulation order can relax EVM, therefore it can provide some complexity reduction in PA and RF transceiver. However, the total gain is limited, e.g., ~1%. 

In NR, the HARQ buffer is UE implementation. Therefore, it is not clear on the complexity reduction for HARQ processes number reduction. 

Reduced max TBS may help to reduce the complexity on LDPC decoding, HARQ Buffer and UL processing block. For example, by reducing Max TBS to 1/5 for both UL and DL, it may bring about 10~15% complexity gain. However, if BW is reduced, the gain cannot be double counted again. 

Observation #17: The complexity reduction for reduced MIMO layers can provide 14% ~ 26.3% complexity reduction and 10~15% for TBS restriction to 1/5 for both UL and DL.  However, the reduction cannot be additional obtained if BW and Rx reduction are already supported. 

Observation #18: Restriction on modulation order can provide ~1% of complexity reduction. And the complexity impact on reduced HARQ process number is not clear. 
Coverage analysis / Performance impact
MIMO layer reduction will not impact on coverage but will degrade the spectral efficiency, as well as for restriction on modulation order. Max TBS restriction will only impact on peak data rate. It may have very limited impact on coverage or spectral efficiency due to loss of channel coding gain by limited the TBS to a small size. 

Observation #19: The coverage is not impacted with reduction of MIMO layer or restriction on modulation order, but the spectral efficiency will have degradation. 
Coexistence with legacy UEs/Impact on Specification
There will not have coexistence issue with legacy UEs. And the specification impact is limited. 

Observation #20: Redcap UE with UE processing capability reduction as discussed above can coexist with legacy UEs. Limited specification impact is expected.

Based on the observations and analysis above, if bandwidth reduction and Rx reduction is supported, there is no benefit to further support relaxed UE processing capability. Compared with the complexity reduction from antenna reduction and bandwidth reduction, there is no need to support relaxed UE processing capability. 
Proposal #6: There is no need to support relaxed UE processing capability on top of antenna reduction and bandwidth reduction. 
Table 8 Complexity reduction for reducing the maximum number of MIMO layer 
	Cost/complexity reduction
	Antenna reduction from 2 layer to 1 layer for FDD
	Antenna reduction from 4 layer to 2 layer /1 layer for TDD FR 1
	Antenna reduction from 2 layer to 1 layer for FR 2

	Baseband 
	35%　
	35%/52.5%
	35%　

	Total 
	21%
	17.5%/26.3%
	14%


4 Conclusion
The paper provided some discussion on UE complexity reduction. The following observations were provided:
Observation #1: 
· Reduced number of UE Rx antennas from 2Rx to 1Rx for FDD can provide about 33.2% cost/complexity reduction

· Reduced number of UE Rx antennas from 4Rx to 2 1Rx for TDD can provide about 37.5%/56.2% cost/complexity reduction respectively

· Reduced number of UE Rx antennas from 2Rx to 1Rx for FDD can provide about 33.2% cost/complexity reduction

Observation #2: At least for FR1, reduced number of UE Rx antennas can be benefit for small device size.
Observation #3: 

· With lower target date rate at cell edge, there is 4dB coverage loss for PDSCH depending on number of reduced antennas. PDSCH is not the bottleneck channel of the cell coverage.  
· There are ~10dB or ~4 dB coverage loss for PDCCH with antenna reduction to 1 antenna from 4 or 2 Rx for urban and rural cases respectively.  
· A longer acquisition time for SSB detection is expected. 
· No impact on coverage for PUSCH.
Observation #4: Spectral efficiency will be reduced due to reduced number of UE Rx antennas.

Observation #5: RedCap UEs with reduced number of UE Rx can coexist with legacy UEs. 
Observation #6: Some specification impact is expected, such as, for RAN 4, performance requirements needs to be defined, for RAN 1, some coverage recovery of PDCCH and early UE capability report of reduced number of Rx can be considered.

Observation #7: 
· Reduced bandwidth from 100MHz to 20MHz for FR 1 for FDD/TDD can provide about 27.6%/23.8% complexity reduction respectively

· Reduced bandwidth from 200MHz to 100/50MHz for FR 2 can provide about 10.5%/16.54% complexity reduction respectively

Observation #8: Some coverage loss due to bandwidth reduction is expected for some channels (e.g. PUSCH/PDSCH), but is it not expected to be much. The coverage of PRACH and SSB are not impacted.  

Observation #9: There may be some degradation in DL and UL spectral efficiency. Network capacity may be impacted for initial access. 

Observation #10: RedCap UEs with reduced bandwidth can coexist with legacy UEs. However, there are some restriction on SSB and CORESET 0 configuration for FR 2 for RedCap UE with 50MHz bandwidth.  
Observation #11: Some specification changes, e.g., multiple initial BWPs, CSI report enhancement, enhancement on COREST 0, are needed to better support coexistence with legacy UEs and increase spectral efficiency and network capacity. 

Observation #12: For FR 1 FDD, 4.5% and 8.1% complexity can be saved for Type A/B HD-FDD respectively.
Observation #13: The coverage and spectral efficiency are not impacted when HD-FDD UEs are supported. And HD-FDD UE can coexist with legacy UEs. 
Observation #14: Relaxing PDSCH decoding time/PUSCH preparing time/CSI computing time to double can provide 6.42%~9.63%/ 1.5%-2.6%/1.8%~2.7% respectively. If combining with other techniques, the effective complexity reduction is limited. 
Observation #15: The coverage and spectral efficiency are not impacted when UE processing time is relaxed.
Observation #16: In order to coexistence with legacy UEs, some specification change for random access is needed. The coexistence with legacy UEs in a same cell will increase gNB scheduling complexity. 
Observation #17: The complexity reduction for reduced MIMO layers can provide 14% ~ 26.3% complexity reduction and 10~15% for TBS restriction to 1/5 for both UL and DL.  However, the reduction cannot be additional obtain if BW and Rx reduction are already supported. 

Observation #18: Restriction on modulation order can provide ~1% of complexity reduction. And the complexity impact on reduced HARQ process number is not clear. 

Observation #19: The coverage is not impacted with reduction of MIMO layer or restriction on modulation order, but the spectral efficiency will have degradation. 
Observation #20: Redcap UE with UE processing capability reduction as discussed above can coexist with legacy UEs. And limited specification impact is expected.

Based on the observations, we proposed:

Proposal #1: Take Table 1 as a starting point for complexity breakdown of reference UEs.
Proposal #2: Reduced number of UE Rx antennas to 1 Rx can be supported. Some techniques to recovery the coverage loss and improve the spectral efficiency can be considered. Early capability report in random access can be further studied.
Proposal #3: Bandwidth reduction to 20MHz for FR1 and to (FFS) 50 and/or 100MHz for FR 2 can be supported. Some specification changes at least including multiple initial BWPs, separated CORESET 0/Type 0 common search space, UE operating in a larger BW, CSI acquisition outside active BWP enhancement can be further studied.  
Proposal #4: HD-FDD can be considered for RedCap UE. Further study to identify whether any potential specification change is needed in RAN 1. 
Proposal #5: Further study on necessary specification impact to support relaxed UE processing time. 
Proposal #6: There is no need to support relaxed UE processing capability on top of antenna reduction and bandwidth reduction. 
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6 Appendix

Agreements: (Methodology and Reference UE)
· Use the TR 36.888 methodology for UE cost/complexity evaluation as a starting point and determine what major updates are needed.
· 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.
