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1. Introduction
RAN#53 initiated a study item on “Provision of Low-Cost MTC UEs based on LTE” [1]. A draft technical report has been agreed in [2]. We have provided input in [3] ~ [9]. In this contribution we provide further input on one of the proposed cost reduction techniques.

2. Discussion
Analysis/evaluation of cost reduction

Table 1 presents our estimates of the relative LTE modem cost. 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. If several cost reduction techniques are combined, it may be possible to decrease the cost even further.
Table 1: LTE modem cost estimates relative to the LTE reference modem
	
	RF
	Processing
	Total

	LTE reference modem
	40%
	60%
	100%

	Single RF chain
	35%
	51%
	85%


As can be seen, removal of the UE receive diversity is estimated to decrease the cost with 100% - 85% = 15%. Since the last RAN1 meeting we have refined our analysis and hence the estimate above differs somewhat from the estimate given in our earlier contribution [6]. Our new estimate is similar to the ones from other sources in [11]

 REF _Ref319932786 \r \h 
[13]

 REF _Ref319932788 \r \h 
[15]. However, the cost reduction estimates from other sources in [12]

 REF _Ref319932838 \r \h 
[14]

 REF _Ref319932839 \r \h 
[16] are substantially higher.
Analysis/evaluation of performance
Coverage analysis

Considering the low requirements on data rates in the targetted scenarios and the fact that the data channel PDSCH has HARQ retransmissions while the downlink control channels do not, it is expected that the downlink control channels rather than PDSCH may limiting the coverage if UE receive diversity is removed. Hence we here focus on the impact on the coverage for the downlink control channels.
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, with and without UE receive diversity.
The estimated degradation from removing the receive diversity is shown in Table 2, and the estimated degradation from removing the receive diversity AND reducing the bandwidth is shown in Table 3.

Table 2: Downlink link performance degradation from removing UE receive diversity
	
	EPA
	ETU

	PDCCH @ 1% BLER
	3 ~ 6 dB
	~ 3 dB

	PCFICH @ 1% BLER
	~ 4 dB
	~ 3 dB

	PHICH @ 1% BLER
	~ 4 dB
	~ 4 dB


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


From a coverage perspective the downlink control channels are well balanced [10] 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. In some scenarios the uplink coverage may still be more limiting than the downlink coverage. However, in scenarios with non-insignificant load, where the downlink coverage is interference-limited rather than noise-limited, control channel capacity may become an issue, see section 2.2.4.

Minimum data rate

No impact on the nominal peak rate compared to that of the reference LTE modem (which is a Cat-1 UE with receive diversity but without MIMO support) is expected from removing UE receive diversity.
Power consumption

Removing one receive RF chain has the potential to reduce the UE power consumption. Our estimates of this power consumption reduction are captured in Table 4. As can be seen, the reduction depends on the Tx power level.

Table 4: Estimated reduction in power consumption from removing UE receive diversity

	Tx power level
	Power consumption reduction

	Low (< 10 dBm)
	15 - 20 %

	High (~ 20 dBm)
	5 - 8 %


However, note that if the degraded UE receiver performance results in less opportunity for DRX (e.g. due to more HARQ retransmissions), the average power consumption may become higher. In the end, there might not be any reduction in average power consumption at all.
Impact on non-MTC UEs

The UEs without receive diversity with degraded reception performance may indirectly impact other UEs through a lowering of the achievable downlink control channel capacity.
Section 6 contains downlink SINR distributions obtained from static system-level simulations for Case 1 and Case 3. 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 5.
Table 5: Downlink control channel capacity losses for different link performance degradations

	Link performance degradation
	Case 1
	Case 3

	
	5th percentile SINR
	Capacity loss @ 5th percentile SINR
	5th percentile SINR
	Capacity loss @ 5th percentile SINR

	0 dB
	-4 dB
	0%
	-5 dB
	0%

	2 dB
	-2 dB
	~ 35%
	-3 dB
	~ 45%

	4 dB
	0 dB
	~ 55%
	-1 dB
	~ 80%

	6 dB
	+2 dB
	~ 70%
	+1 dB
	> 90%

	8 dB
	+4 dB
	~ 75%
	+3 dB
	> 90%

	10 dB
	+6 dB
	~ 85%
	+5 dB
	> 90%


Combining the results from Table 2 and Table 5, assuming around 4 dB link performance degradation, the downlink control channel capacity loss from removing the receive diversity can be estimated to be roughly 55% in Case 1 and 80% in Case 3.
Combining the results from Table 3 and Table 5, assuming around 8 dB link performance degradation, the downlink control channel capacity loss from removing the receive diversity AND reducing the bandwidth from 20 MHz to 3 MHz can be estimated to be roughly 75% in Case 1 and over 90% in Case 3.
eNB hardware impact

If the degraded UE receiver performance needs to be compensated somehow at the eNB transmitter side, there may be eNB hardware impact. Otherwise no eNB hardware impact is expected.
Impact on specifications

Performance requirements without receive diversity need to be defined in RAN4. If the degraded UE receiver performance needs to be compensated somehow, there may be further impact to specifications.
Cell spectral efficiency
Removal of UE receive diversity will have an impact on cell spectral efficiency.
3. Conclusion
It is estimated that removal of the UE receive diversity can decrease the cost with 15%. Estimates for the resulting downlink control channel link performance degradation, downlink control channel capacity loss and power consumption reduction 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: DL SINR distribution for Case 1 (according to TR 25.814 Tables A.2.1.1-1 and A.2.1.1-3)
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Figure 5: DL SINR distribution for Case 3 (according to TR 25.814 Tables A.2.1.1-1 and A.2.1.1-3)










































