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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%


The cost reduction from reducing the maximum transmit power is estimated to be in the order of 100% - 89% = 11% assuming that this means that an external PA can be eliminated. It can be noted that this is the only feature having a larger impact on the RF part of the cost structure and the gains should, unlike may other improvements listed, be multiplicative with any other improvement from the list.

Analysis/evaluation of performance
With reduced maximum transmit power a less expensive power amplifier (PA) may be employed but in order to get a significant cost reduction the power needs to be reduced to an extent where an integrated solution becomes feasible. This is common practice for other short to medium distance communication systems. In order to be able to do this integration the transmit power needs to be at about 18 dBm. For TDD and Half-duplex operation this power may be higher due to less loss without the duplex filter. This implies an output power reduction of 5 dB compared to the lowest power class in Rel8.

Full power is not used at all time due to uplink power control, but reduction of maximum output power will directly reduce uplink coverage.  In [13] link budget analysis of LTE has been agreed. From there it is observed that uplink data channel is the limiting factor, but that is given an assumption of a bit-rate and delay much more stringent than what is required for a low cost MTC. With a minimum bitrate UE the uplink channels are more balanced. This implies that the power reduction hits all channels similarly. If the coverage will be a problem or not depends on the deployment strategy: If a network is deployed targeting minimum bitrate on the cell edge the full power reduction will count towards coverage loss. If the network instead target a higher bitrate on cell-edge a more dense deployment is needed, with may result in less limitations. For example it was shown in [13] that a margin of up to 6 dB is needed if 384 kbps is used as uplink cell edge target.

One method for compensating reduced transmit power is by using repetition or increased transmission time to achieve the same transmitted energy. Since the bit rate requirements are low and the latency requirements relaxed this can be achieved on the data channel using a large number of HARQ retransmissions. TTI bundling may be used to reduce the impact from control channel errors and signaling load. It is FFS if further enhancements to the TTI bundling in Rel8 would be needed. For control channels such as PUCCH format 1 and 1a, repetition is likely to be needed to compensate for the reduced power. This may have a large impact on HARQ timing in the specification.

Random access is probably the procedure most affected by reduction of maximum transmit power. No repetition is supported on the PRACH channel with the format with best coverage, Format 2, which stretches 2 TTIs. Also Msg3 is limiting in the number of possible retransmissions, and TTI bundling is currently not supported for this message.
3. Conclusion
The cost reduction from reducing the maximum transmit power is estimated to be in the order of 11% assuming that this means that an external PA can be eliminated. Based on the discussion above we identify that reduction of maximum transmit power only gives significant gains if it can result in an integrated implementation, that would mean a reduction in the order of 5 dB. We also notice that such a reduction will have a clear impact on uplink coverage. The magnitude of the impact depends on deployment but is likely to limit the deployment possibilities of MTC devices unless standard changes are applied.

It is proposed to capture the above in the TR.
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