3GPP TSG-RAN WG1 Meeting #68
R1-120212
Dresden, Germany, 6th-10th January 2012
Source:
Ericsson, ST-Ericsson
Title:
Evaluation/analysis of reduction of maximum bandwidth for low-cost MTC
Agenda Item:
7.7.1
Document for:
Discussion and decision
1. Introduction
RAN#53 initiated a study item on “Provision of Low-Cost MTC UEs based on LTE” [1]. RAN1 has already agreed on some text proposals for the draft TR in [2]

 REF _Ref315731502 \r \h 
[3]

 REF _Ref315731503 \r \h 
[4]

 REF _Ref315731505 \r \h 
[5]. We have provided our initial input in [6]

 REF _Ref315730693 \r \h 
[7]. We present some further evaluation/analysis of the UE cost reduction techniques that have so far been agreed to be captured in the TR in a set of contributions [8]

 REF _Ref315956714 \r \h 
[9]

 REF _Ref315956715 \r \h 
[10]

 REF _Ref315956716 \r \h 
[11]

 REF _Ref315956717 \r \h 
[12].
2. Discussion
Analysis/evaluation of cost reduction

Table 1 presents our estimates of the relative LTE modem cost with different cost reduction techniques. These estimates may of course vary depending on e.g. implementation architecture, algorithm details and what exactly is included in the different blocks. The numbers should merely be seen as a guideline and input for the discussion on potential savings. Even the partitioning between RF and baseband costs may shift depending e.g. on how much of the required external memory is included in the cost. This memory requirement for an MTC device may also vary substantially depending on the application. Only memory associated with the actual modem operation is included.
Table 1: LTE modem cost estimates relative to the LTE reference modem
	
	RF
	Processing
	Total

	LTE reference modem
	40%
	60%
	100%

	Smaller BW (1.4 MHz)
	40%
	14%
	54%

	Smaller BW (5 MHz)
	40%
	37%
	77%

	Single RF chain
	35%
	55%
	89%

	Lower peak rate (1 Mbps)
	40%
	49%
	89%

	Lower Tx power (No external PA)
	28%
	60%
	89%

	Half duplex FDD
	34%
	60%
	94%


As can be seen, reduction of the maximum bandwidth to 1.4 MHz can decrease the cost with 100% - 54% = 46%, while reduction of the maximum bandwidth to 5 MHz can decrease the cost with 100% - 77% = 23%. If several cost reduction techniques are combined, it may be possible to decrease the cost even further.

Analysis/evaluation of performance
Section 5 contains link-level simulation results for some downlink control channels (PDCCH, PCFICH, PHICH) for different channel models (EPA5, EPA300, ETU5, ETU300) for bandwidths ranging from 1.4 MHz to 20 MHz. There are also results with and without UE receive diversity so that the combined impact of reducing the bandwidth and removing the receive diversity can be seen.
The estimated degradation from reducing the bandwidth from 20 MHz to 3 MHz is shown in Table 2, and the estimated degradation from reducing the bandwidth AND removing the receive diversity is shown in Table 3.

Table 2: Downlink link performance degradation from reducing the bandwidth from 20 MHz to 3 MHz
	
	EPA
	ETU

	PDCCH @ 1% BLER
	~3 dB
	~1 dB

	PCFICH @ 1% BLER
	~2 dB
	~1 dB

	PHICH @ 1% BLER
	~1.5 dB
	~0.5 dB


Table 3: Downlink link performance degradation from reducing the bandwidth from 20 MHz to 3 MHz AND removing UE receive diversity

	
	EPA
	ETU

	PDCCH @ 1% BLER
	7~9 dB
	~4 dB

	PCFICH @ 1% BLER
	~6 dB
	~4 dB

	PHICH @ 1% BLER
	5~7 dB
	~4 dB


Section 6 contains downlink SINR distributions obtained from a static system-level simulation for Case 1. Case 3 has also been simulated and the resulting distributions were very similar. The distributions are derived for different fractional load levels describing the probability that neighbouring cells are active and creating interference. At 100% load the 5th percentile SINR equals -4dB which is sufficient for good control channel quality in the reference case. With the cost reduction options a higher SINR is required for control channels and this can be acheived by limiting the allowed load in the network at a cost of capcity. The resulting capacity loss from a particular link performance degradation is estimated by the required reduction in fractional load and is shown in Table 4. 
Table 4: Downlink capacity losses for different link performance degradations

	Link performance degradation
	5th percentile SINR
	Capacity loss @ 5th percentile SINR

	0 dB
	-4 dB
	0%

	2 dB
	-2 dB
	~35%

	4 dB
	0 dB
	~55%

	6 dB
	+2 dB
	~70%

	8 dB
	+4 dB
	~75%

	10 dB
	+6 dB
	~85%


Combining the results from Table 2 and Table 4, assuming ~2 dB link performance degradation, the downlink capacity loss from reducing the bandwidth from 20 MHz to 3 MHz can be estimated to be roughly 35%.
Combining the results from Table 3 and Table 4, assuming ~8 dB link performance degradation, the downlink capacity loss from reducing the bandwidth from 20 MHz to 3 MHz AND removing the receive diversity can be estimated to be roughly 75%.
From a coverage perspective the downlink control channels are well balanced [13] which implies that the coverage of the control channels is affected with the values from Table 2 and Table 3. Whether this has an effect on area coverage and possibility to deploy MTC devices depends on the network deployment.

3. Conclusion
It is estimated that reduction of the maximum bandwidth to 1.4 MHz can decrease the cost with 46%, while reduction of the maximum bandwidth to 5 MHz can decrease the cost with 23%. Estimates for the resulting downlink control channel link performance degradation and downlink capacity loss are also provided in this contribution.
It is proposed to capture the above in the TR.
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5. Link simulation results
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Figure 1: PDCCH link simulation results (with ideal PCFICH decoding, random payload bits, payload size according to DCI format 1 and resource allocation type 0)
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Figure 2: PCFICH link simulation results (CFI constant = 3)
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Figure 3: PHICH link simulation results (based on TS 36.101 reference measurement channel R.19)
6. Static system simulation results
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Figure 4: Static system simulation results (according to TR 25.814 Tables A.2.1.1-1 and A.2.1.1-3)










































