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Introduction
In Rel.17 NR, the complexity reduced UE should be defined to adapt the use case of IoT, e.g. industrial sensor, video surveillance and wearables. Based on the objective of the SID [1], the complexity reduced UE can have the following methodologies to reduce the complexity.
	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 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.


The contribution will discuss these methodologies.

Antenna reduction
The antenna reduction including the related RF chain reduction is beneficial to UE cost reduction. The antenna number will impact the data rate (MIMO layer numbers).
Cost reduction 
In NR R15, it is mandatory for a UE to support operation with 4 RX in certain frequency bands, such as n7, n38, n41, n77, n78, and n79.
The cost reduction will be achieved by reducing the RX number from RF and baseband perspectives. In TR 36.888 [2], evaluation of cost reduction for LTE MTC UE has been provided when the RX number is reduced from two to one.
	When the number of receive RF chains is reduced from two (for the reference LTE modem) to one, the costs of the following RF aspects are reduced:
· The receive filtering cost can be reduced by approximately 50% relative to that of the reference LTE modem when the number of receive RF chains is reduced by a factor of 2.
· The cost of the receive RF chains can be reduced by up to 50% relative to that of the reference LTE modem. However, since the transmitter and common parts for, e.g., frequency synthesis cannot be removed, the cost reduction of the whole RF transceiver will be considerably less.
· The cost of the duplexer itself is not reduced since the duplexer only exists on the antenna that is driven by the UE transmitter. However the receive branch that is removed would contain a filter in place of the duplexer and this filter could be eliminated for a single receive RF chain UE. Since the cost of this filter is typically less than the cost of the duplexer, the overall duplexing cost can be considered to be slightly reduced compared to the reference LTE modem's duplexing cost.
The use of a single receive RF chain also reduces the cost of the following baseband processing functional blocks:
· In the downlink, the FFT is only required on the samples received on the single receive RF chain. Hence the number of FFT operations is reduced by a factor of 2. There is no change to the IFFT requirements in the uplink from the support of a single receive RF chain. Hence the FFT/IFFT cost for a single receive RF chain MTC UE is estimated to be reduced relative to that of the reference LTE modem.
· Separate channel estimates are required for each receive RF chain. When the number of receive RF chains is reduced from two to a single receive RF chain, the channel estimator cost can be reduced by approximately 50% relative to that of the reference LTE modem.
· Only a single ADC is required to operate on the single receive RF chain, hence the ADC cost may be reduced by approximately 50% relative to that of the reference LTE modem. The cost reduced MTC UE would still contain a single transmitter RF chain, hence DAC cost is unlikely to be reduced. Given that the ADC functional block is typically more costly than the DAC functional block, the overall ADC / DAC cost could be reduced compared to that of the reference LTE modem.
· The UE only needs to store samples from the single receive RF chain; hence the size of the post-FFT data buffer memory can be reduced by 50% relative to that of the reference LTE modem.
· The synchronisation and cell search blocks typically operate on samples from both receive RF chains, hence reducing the number of receive RF chains by a factor of 2 would typically reduce the cost of these functions by up to 50% relative to that of the reference LTE modem.


[bookmark: OLE_LINK64][bookmark: OLE_LINK65]From the above, significant cost reduction can be achieved in both RF and baseband processing aspects of the UE by reducing the number of antennas and related RF chains.

MIMO layer number
The MIMO layer number has impact on the data rate. The MIMO layer number will be further discussed together with bandwidth reduction from perspective of the data rate.

Bandwidth reduction
As well, the bandwidth reduction is beneficial to UE cost reduction. Here we assume the same bandwidth of RF and baseband.
Cost reduction
In TR 36.888 [2], evaluation of cost reduction for LTE MTC UE has been provided when the bandwidth is reduced.
	The observations from these evaluation results provided in the Table 6.2.3-1 and Table 6.2.3-2 are summarized as follows:
· Reduction of maximum bandwidth provides significant cost savings, although the exact number for the relative cost savings varies from one source to another. The cost savings are mainly due to reduced baseband processing.
· Reduction of maximum bandwidth even without lowering peak data rate (e.g. reduced bandwidth of 3 or 5 MHz) provides considerable cost savings mainly from lower complexity of FFT/IFFT and receiver processing block of baseband processing.
· Reduced bandwidth on the UL provides very small savings in the overall UE cost, because the RF component cost is not sensitive to the bandwidth, and the cost of the UL processing block is only a small portion of the total baseband cost. The cost savings come from the UL processing block, and possibly power amplifier and ADC/DAC, which is estimated to be about 5% or less of the total UE cost.
· Reduction of maximum bandwidth provides minimal or small savings for the RF components.


Bandwidth levels  
In our view, the bandwidth reduction will restrict the number of PRBs in an assignment/grant, which will cause the limit of the peak data rate. Hence, we can derive the bandwidth levels from the analysis of the peak data rate.
According to the SID [1], the nominal or peak data rate is listed in the following table.
Table 1: Data rate for different use cases
	Use cases
	Requirement

	Industrial wireless sensors
	The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases

	Video Surveillance
	As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps. High-end video e.g. for farming would require 7.5-25 Mbps.

	Wearables
	[bookmark: _GoBack]Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  


[bookmark: OLE_LINK30][bookmark: OLE_LINK31]It is general view the complexity reduced UE should be defined as multiple device types to fit for different use cases. Therefore, it is better to define the multiple data rate. As usual, defining multiple peak data rate is a way forward. From above table, in our view, several types of the peak data rate can be defined:
· DL
· 10/20Mbps: fit for industrial sensor and economic video surveillance
· 40Mbps: fit for high-end video surveillance
· 75/150Mbps: fit for wearables
· UL
· 10Mbps: fit for industrial sensor, economic video surveillance and normal wearables
· 20Mbps: fit for industrial sensor and economic video surveillance 
· 50Mbps: fit for high-end video surveillance and wearables
The peak data rate is related to some factors, e.g. the bandwidth and the antenna number. Our preferences of the peak data rate and the corresponding factors, e.g. the bandwidth, the antenna number are provided in the following table.
Table 2: Peak data rate vs. the factors (the bandwidth, the antenna number and others)
	                      Factors
Peak data rate
	The bandwidth
	The antenna number
	Modulation and code rate to achieve the peak data rate

	DL: 10Mbps, 20Mbps
UL: 10Mbps
	5MHz
	1 RX, 1 TX
	DL: 16QAM, CR 2/3; 64QAM, CR 3/4
UL: 16QAM, CR 2/3 

	DL: 40Mbps
UL: 20Mbps
	10MHz
	1 RX, 1 TX
	DL: 64QAM, CR 3/4
UL: 16QAM, CR 2/3

	DL: 75Mbps, 150Mbps
UL: 50Mbps
	20MHz
	1 or 2 RX, 1 TX
	DL: 64QAM, CR 3/4
UL: 16QAM, CR 3/4


In accordance of the peak data rate, the bandwidth can be 3 levels, such as 5MHz, 10MHz and 20MHz. It is noted that the peak data rate is informative and the real peak data rate should be calculated like the legacy method.
Proposal 1: The bandwidth of the complexity reduced UE can be 3 levels, such as 5MHz, 10MHz and 20MHz.
[bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Half-Duplex FDD
Cost reduction
In TR 36.888 [2], evaluation of cost reduction for LTE MTC UE has been provided when HD-FDD is provided.
	A half duplex mode UE does not need a duplexer. Instead of a duplexer a half duplex LTE MTC modem uses a switch. Additional savings from reduced complexity and memory may also be possible in the baseband module. This is because in half duplex mode there is no need to provision processing power and memory for concurrent downlink and uplink operations.
Given that a switch represents a small percentage of the cost of the duplexer, then a high proportion of the cost associated with the duplexer / switch in the RF module can be saved. Given that the duplexer cost is in the range of 15-25% of the RF module (which is 40% of the total LTE reference modem cost), HD-FDD mode provides an overall cost saving based on the reference LTE modem of 4-8%. It is further noted that the potential relative cost reduction may be even larger for multi-band devices (that may have multiple duplexers) than for the assumed single-band reference modem.



HD-FDD type
For HD-FDD operation type, UE switching times should be considered. Switching time for the DL-to-UL transition is created by the UE by not receiving the last DL OFDM symbols before switch to UL. Switching time for the UL-to-DL transition is handled by setting the appropriate amount of timing advance in the UE. 
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK22][bookmark: OLE_LINK23]In LTE, two HD-FDD operation type (A and B) were specified for the need of switching times (Figure 1). For type A HD-FDD operation, a switching time is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. And for type B HD-FDD operation, Switching times, each referred to as a half-duplex guard subframe, are created by the UE by not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and not receiving a downlink subframe immediately following an uplink subframe from the same UE.


Figure 1：HD-FDD operation in LTE
Considering the switching capability of the complexity reduced UE, the definition of HD-FDD operation type may need to be reconsidered. And for different scenarios (i.e. different use cases), different HD-FDD operation types may be necessary.
Proposal 2: The definition of HD-FDD operation type need to be reconsider based on the switching capability of the complexity reduced UE. 

UE processing time
Cost reduction
The relaxation of the UE processing time is beneficial to pipeline reduction, where the number of the parallel modules can be reduced significantly.

N0, N1 and N2
The UE processing time N0, N1 and N2 are UE capabilities. N0 is related to PDCCH processing. N1 is the number of OFDM symbols required for UE processing from the end of PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective. N2 is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective. The value of N0, N1 and N2 is related to the subcarrier spacing. 
Proposal 3: Relaxing the UE processing time N0, N1 or N2 should be studied.

Relaxation levels
For LTE Cat.1bis UE and LTE-MTC UE, the minimum time offset between PDCCH and PUSCH, PDSCH and HARQ-ACK is 4ms and 4ms, respectively. LTE Cat.1bis UE needs to support same-subframe scheduling in DL, while LTE-MTC supports cross-subframe scheduling with 2ms time offset. 
Considering the lowest capability of the complexity reduced UE should be no less than an LTE Category 1bis modem, the above time offset can be considered as a baseline level of processing time relaxation for complexity reduced UE. 
Furthermore, different processing time relaxation levels should be considered for different use cases, since the latency requirements are different. According to the SID [1] and the summary of email discussion [3], latency requirements are listed in the following table.
Table 3: latency for different use cases
	Use cases
	Latency requirements

	Industrial wireless sensors
	End-to-end latency: less than 100ms.
For safety related sensors, 5-10ms.

	Video Surveillance
	End-to-end latency: less than 500ms.

	Wearables
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]End-to-end latency: tens of millisecond.


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For latency tolerant use case, e.g. video surveillance, the UE processing time can be relaxed as much as possible. While for the small latency use case, e.g. safety related sensors, the UE processing time may not be relaxed.
Proposal 4: Relaxing the UE processing time may have different levels.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460][bookmark: OLE_LINK60][bookmark: OLE_LINK61]UE processing capability
Cost reduction
According to TR 36.888 [2], the relaxation of UE processing capability can reduce the UE cost from the following aspects.
1. [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Reduction of the maximum transport block sizes for DL and UL
2. Restricting the max number of HARQ processes
3. Restricting the maximum modulation order 
We will discuss the above three aspects.

Maximum transport block size and RB allocation 
Reduction of the maximum transport block sizes (TBS) for DL and UL is a considerable point. In NR, TBS determination is related to the following factors: modulation order, code rate, the number of MIMO layers and the number of RE. The number of MIMO layers and the possible maximum number of RE (equivalent to the bandwidth) has been discussed in Section 3.2. But the number of RE (RB allocation of PDSCH/PUSCH) can be defined as a separate capability.

HARQ process
NR supports maximum 16 HARQ processes for higher data rate, the complexity reduced UE with reduced peak data rate requirement may not need 16 HARQ processes, restricting the max number of HARQ processes (e.g. 8) can be considered. With the reduced max HARQ processes number, the cost (including decoding and HARQ buffering) can be reduced. 

Modulation order
In NR, the supported maximum modulation order is 256 QAM, it is unnecessary to support such a high modulation order for complexity reduced UE. Restricting the maximum modulation order can reduce the complexity due to less restrictive power amplifier EVM requirements, local oscillator of RF transceiver. Therefore, reduced maximum modulation order in DL and UL should be considered (e.g. 256 QAM is optional for some complexity reduced UE).
Proposal 5: Reduction of the RB allocation of PDSCH/PUSCH, the max number of HARQ processes and the max modulation order can be considered.

Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: The bandwidth of the complexity reduced UE can be 3 levels, such as 5MHz, 10MHz and 20MHz.
Proposal 2: The definition of HD-FDD operation type need to be reconsider based on the switching capability of the complexity reduced UE. 
Proposal 3: Relaxing the UE processing time N0, N1 or N2 should be studied.
Proposal 4: Relaxing the UE processing time may have different levels.
Proposal 5: Reduction of the RB allocation of PDSCH/PUSCH, the max number of HARQ processes and the max modulation order can be considered.
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