3GPP TSG-RAN WG1 #68bis
R1-121182
Jeju, Korea, 26 – 30 March 2012
Source:
MediaTek Inc.
Title:
Analysis of single receive RF chain
Agenda Item: 7.8.1

Document for: 
Discussion 
1. Introduction
Motivated by the goal of avoiding, in the future, the need to maintain a separate GSM/GPRS network just for MTC devices, the study item of provisioning of low-cost MTC UEs based on LTE was proposed and approved [1]. The most important factor for the business success of LTE based MTC is obviously cost if satisfactory coverage & power consumption can be ensured as well.  
In the last RAN1 #67 meeting, it was agreed that the reference for the cost comparison for the low cost MTC device will be a single band, single RAT, Cat-1 UE, and operating on a 20 MHz carrier. Also, the following techniques have been identified for further analysis:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation

A tabulated analysis of most of the proposed techniques can be found in [4]. In this contribution, we present more detailed analysis on single receiver RF chain. We follow the structure of the TR section 6 so that most of the text in all the sections can be considered as text proposal.
2. Description
Single receive RF chain is a technique to achieve cost saving by not requiring the MTC devices to have two receive antennas and RF chains. 
It is expected that this technique will have most of the impact on receiver performance which should assessed together with the expected cost saving.  
3. Analysis/evaluation of performance against requirements
An analysis of the technique against system requirements is provided in this section. The analysis is to be considered in combination with the cost analysis:
Table 1. Impact of single RF chain
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS [and legacy LTE]
	Yes

	Minimum Data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB Hardware impact
	No

	Impact on specification
	No (except for RAN4)

	Cell spectral efficiency
	Yes

	…..
	

	……
	


[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]

3.1. Coverage Analysis
Note the coverage requirement in [1],

· Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.

This seems to imply two reasonable operational requirements:

1. When any legacy GPRS/GSM based MTC device, served in a GPRS/GSM network, is replaced by a LTE-based MTC device served in a LTE network in the same band, no legacy MTC device should have any coverage issue. 
2. Coverage for LTE-based MTC devices should be the same as normal LTE UEs. In other words, LTE eNB density should not need to increase just to ensure MTC devices can connect to the network just as a normal LTE UEs.    
A link budget is a reasonable method for coverage analysis and maximum coupling loss (MCL) of a physical channel represent the largest path loss that channel can tolerate. To evaluate whether the first requirement is met, the following     MCL table for GPRS/GSM is pasted from TR36.888 version 1.0.0 [7] for convenience:
Table 5.2.1.2-1: MCL calculation for GSM/EGPRS
	Physical channel name
	UL
	DL

	Data rate(kbps)
	20 (1 TSL)
	20 (2 TSL)

	Transmitter
	
	

	(1) Tx power  (dBm)
	29
	43

	Receiver
	
	

	(7) Required SINR (dB)
	11
	7

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-105.4
	-105.4

	(9) Rx processing gain
	5
	0

	(10) MCL 
         = (1) ((8) + (9) (dB)
	139.4
	148.4


To evaluate whether the second requirement is met, the following MCL table for normal LTE is pasted from TR36.888 version 1.0.0 [7]for convenience: 
Table 5.2.1.2-2: MCL calculation for normal LTE
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	[-4.3]
	[-4.0] 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	[-117.7] 
	[-113.4] 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	[140.7]
	[145.4]
	149.0
	149.3
	146.1


Observation:

· Both GPRS/GSM and LTE systems are UL limited. Since single RF chain (for DL) will not have any impact on UL coverage, UL coverage will not be affected by single RF chain.  

However, techniques for improving UL coverage are being studied and it is expected that the DL and UL coverage will be more balanced. On the other hands, single RF chain MTC devices will require higher SNRs (than before with normal dual-Rx UEs) to achieve the same BLER for control channels or the same throughput for data channel. It is expected that eNB will deliver more power in order to achieve the same performance/throughput, either in terms of more resources or more power. That inevitably means lower spectral efficiency. Nevertheless, techniques to ensure the same coverage as normal LTE UEs are important to have, even at the price of lower resulting spectral efficiency.

From the MCL table, it is noted that GPRS/GSM DL has a higher MCL than LTE DL control channel, which means that requirement #1 can be satisfied if requirement #2 is met. Among the DL physical channels, PDCCH/PBCH/PCFICH/PHICH are of particularly concern with respect to coverage, as seen in the above table. 
Observation:

· For PDCCH coverage which is defined at CCE aggregation level 8, we observe 3.9dB degradation with single RF (refer to appendix).

In the appendix, we also include PDCCH degradation at aggregation level 2 and 4. At sub-1GHz operation frequency, 2-Tx UE design usually suffer antenna gain imbalance (AGI) due to limited antenna separation relative to the longer wavelength, so we also included comparison to 2Rx but under AGI=3dB.  Moreover, if MTC UEs also has a reduced maximum bandwidth, the lack of frequency diversity in physical control channel is expected to further degrade the coverage. Hence, results for both 1.4MHz and 10MHz are included. 
Observation:

· Single RF chain incurs a performance degradation for PDCCH of 2.9-4.9dB (with AGI) and 1.7-3.9dB (with AGI=3dB). As PDCCH transmission exploits more frequency diversity (either under increased frequency selectivity of the channel or under increased maximum BW), the degradation reduces. 
Table 2. Performance degradation of PDCCH with one receive antenna
	
	PDCCH degradation (versus 2Rx under 3dB AGI)
	PDCCH Degradation (versus 2Rx under no AGI)

	
	1.4MHz
(6PRB)
	10MHz
(50PRB)
	1.4MHz
(6PRB)
	10MHz
(50PRB)

	2CCE(EPA5)
	3.9dB
	3.7dB
	4.8dB
	4.9dB

	4CCE(EPA5)
	3.2dB
	3.1dB
	4.4dB
	4.3dB

	2CCE(ETU5)
	3.2dB
	1.8dB
	4.2dB
	2.9dB

	4CCE(ETU5)
	2.7dB
	1.7dB
	3.8dB
	3dB


 Proposal:

· Solutions that can enhance control channel performance can be explored in the related ePDCCH work item, so that the same coverage as with normal LTE UEs can be obtained, even at the price of lower spectral efficiency.
3.2. Power Consumption 
Requirement for power consumption in [1] states:

· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.

Power consumption during the reception period in the connected mode is expected to be reduced with single RF chain, for both RF transceiver part (50% of the transceiver and filter) and baseband part (reduced processing complexity). Power consumption during transmission is unchanged. Hence the total power consumption depends on the ratio of power consumption in transmission versus reception. 

It is expected that reduced throughput due to single RF chain still far exceeds the peak rate requirement. Hence MTC UEs do not typically need to receive over a longer period of time, in terms of number of subframes. If not the case, power consumption could actually increase.  
3.3. Cell Spectral Efficiency 
Single RF chain is expected to results in reduced spectral efficiency compared to normal dual-Rx UEs. It is expected that the reduced cell spectral efficiency can be resulted at least from these observations:

· Performance degradation of control channels will make eNB to use more power or resource

· All data channel throughput will be reduced due to reduced reception power, loss of receive spatial diversity, and no support of rank-2 MIMO.

However, it is not expected to be worse than the spectral efficiency of GPRS/GSM devices with also single Rx.
4. Analysis/evaluation of cost reduction  
The main objective/requirement of the study item is still cost reduction, i.e. [1], 

To understand the feasibility of creating a type of terminal that would permit the cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market

Quantitative cost analysis for different proposed technique is conducted based on percentage cost of affected cost drivers (e.g., [3]). 

A list of potentially affected cost areas is captured in the table below: 

Table 3. Cost areas & analysis for single RF chain
	Functional block[7]
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown
(for Evaluation)
	Cost Analysis of reducing receiver antenna from 2 to 1

	RF
	
	

	Power amplifier
	25%-30%
	NA

	Filters
	5%-10%
	50%

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

	Duplexer /Switch
	15%-25%
	NA

	Other
	0%-10%
	NA

	Total of RF
	95%-110%
	27.5%

	Baseband
	
	

	ADC / DAC
	10%
	50%

	FFT/IFFT
	5%
	50%

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

	Receiver processing block
	20%-35%
	~40%

	Turbo decoding
	5%-15%
	NA

	HARQ  buffer
	10%-15%
	NA

	DL control processing & decoder
	5%
	NA

	Synchronization / cell search block
	10%-15%
	NA

	UL processing block
	5%-10%
	NA

	MIMO specific processing blocks
	5%-15%
	NA

	Other
	0%
	NA

	Total of Baseband
	90%-110%
	25%

	Overall relative cost savings
	
	26%


Observation:

· Single RF chain can achieve significant cost saving (26%), at the price of reduced coverage and cell spectral efficiency as expected.

· Cost saving from single RF chain includes 50% of the saving on RF transceiver and filters, ADC, FFT, and received data buffer, as well as a sizable portion (~40%) on receiver processing (estimation of a single channel, no MIMO, etc.). 

5. Conclusion 
In this contribution, we present more detailed analysis on single receiver RF chain. 
We observe: 

· Both GPRS/GSM and LTE systems are UL limited. Since single RF chain (for DL) will not have any impact on UL coverage, UL coverage will not be affected by single RF chain.  

· For PDCCH coverage which is defined at CCE aggregation level 8, 3.9dB degradation with single RF is observed.  
· For PDCCH at 2 & 4 CCE aggregation level, single RF chain incurs a performance degradation of 2.9-4.9dB (without AGI in 2-Rx UEs) and 1.7-3.9dB (with AGI=3dB). As PDCCH transmission exploits more frequency diversity (either under increased frequency selectivity of the channel or under increased maximum BW), the degradation reduces. 

· Single RF chain can achieve significant cost saving (26%), at the price of reduced coverage and cell spectral efficiency as expected.

· Cost saving from single RF chain includes 50% of the saving on RF transceiver and filters, ADC, FFT, and received data buffer, as well as a sizable portion (~40%) on receiver processing (estimation of a single channel, no MIMO, etc.).
We also propose:

· Solutions that can enhance control channel performance can be explored in the related ePDCCH work item, so that the same coverage as with normal LTE UEs can be obtained, even at the price of lower cell spectral efficiency.
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6. Appendix
6.1. Link level simulation 
6.1.1. Simulation assumptions
UE antenna gain imbalance (AGI), which affects receiver performance in DL-MIMO. If considering UE AGI, the performance degrades will be less. In the simulation, we consider 3dB AGI between 2 UE receivers.   

Table 4 Simulation Parameters

	Parameter
	Value

	Legacy PDCCH length
	3

	Antenna configuration
	2x2/2x1

	AGI
	0dB and -3dB respectively for 2Rx in AGI case

	Bandwidth
	10MHz (50PRB)/
1.4MHz(6PRB)

	DCI format
	Format 1 (31 bits)

	Aggregation level 
	2/4

	Wireless Channel
	EPA5/ETU5
(Uncorrelation)

	Channel estimation
	Real


6.1.2. Simulation results
Table 5 show the performance degradation with one receive antenna compared with 2 receive antennas with or without AGI difference.  From Table 4 we can see that compared with 2Tx-2Rx with AGI difference, PDCCH performance loss is around 1.7-3.9dB depends on different channels and CCE aggregation levels. Furthermore, for 2Tx-1Rx compared with 2Tx-2Rx under no AGI, PDCCH performance loss causing by losing one antenna is around 2.9-4.9dB depends on different channels and CCE aggregation levels. 

Table 5 Performance loss of SNR requirement for 1% BLER compared with 2Tx-2Rx

	
	1Rx Degradation (versus 2Rx under 3dB AGI)
	1Rx Degradation (versus 2Rx under no AGI)

	
	1.4MHz
(6PRB)
	10MHz
(50PRB)
	1.4MHz
(6PRB)
	10MHz
(50PRB)

	2CCE(EPA5)
	3.9dB
	3.7dB
	4.8dB
	4.9dB

	4CCE(EPA5)
	3.2dB
	3.1dB
	4.4dB
	4.3dB

	2CCE(ETU5)
	3.2dB
	1.8dB
	4.2dB
	2.9dB

	4CCE(ETU5)
	2.7dB
	1.7dB
	3.8dB
	3dB
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Figure 1 Performance of PDCCH with 3OFDM symbols and 31bits DCI information under EPA5 with BW=1.4MHz (6PRB)
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Figure 2 Performance of PDCCH with 3OFDM symbols and 31bits DCI information under EPA5 BW=10MHz (50PRB)
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Figure 3 Performance of PDCCH with 3OFDM symbols and 31bits DCI information under ETU5 with BW=1.4MHz (6PRB)
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Figure 4 Performance of PDCCH with 3OFDM symbols and 31bits DCI information under ETU5 with BW=10MHz (50PRB)
6.2. Coverage simulation 

6.2.1. Simulation assumptions

Table 6 Simulation Parameters[9]
	Parameter
	Value

	Legacy PDCCH length
	1

	Antenna configuration
	2x2/2x1

	Bandwidth
	10MHz 

	DCI format
	Format 1A (31 bits)

	Aggregation level 
	8

	Wireless Channel
	EPA (7.2Hz)

	Channel estimation
	Real


6.2.2. Simulation result
	Physical channel name
	PDCCH (1A) (2Tx2Rx)
	PDCCH(1A) (2Tx1Rx)

	Transmitter
	
	

	(0) Max Tx power  (dBm)
	46
	46

	(1) Actual Tx power (dBm)
	42.8
	42.8

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	4320000
	4320000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5))  (dBm)
	-98.6
	-98.6

	(7) Required SINR (dB)
	-1.6
	2.3

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	100.4
	-96.3

	(9) MCL
= (1) ( (8) (dB)
	142.7
	139.1


