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1. Introduction
RAN#53 initiated a study item on “Provision of Low-Cost MTC UEs based on LTE” [1]. RAN1 is documenting the results of the study in a technical report and the already agreed parts are available in references [2] ~ [9].
In this contribution we present our input to the concluding TR sections 7, 8 and 9.
2. Cost reduction evaluation summary (TR section 7)
Table 1 presents our estimates of the relative LTE modem cost for some combinations of cost reduction techniques. In order to limit the number of combinations, we have focussed on combinations that include reduced peak rate and half duplex FDD. The numbers are the same as in our contribution to RAN1#68bis in [11]. These numbers are purely based on our own estimates, i.e. they are strictly not based on the numbers recommended for evaluation in Table 5.3.1 in [2], nor are they based on the ranges of estimates given in the agreed text proposals in [3] ~ [8]. Furthermore, we have in this contribution not assumed that the support for DL transmission modes is reduced in any way.

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.
The reference EGPRS modem is an EGPRS R99 multi-slot class 2 device with 2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots [1]. We estimate the reference EGPRS modem cost to 30-40% of the cost of the reference LTE modem specified in [2]. Our estimate is in line with the estimate 33% given in [10].
According to the cost estimates in Table 1, it is possible to bring the LTE modem cost close to that of the reference EGPRS modem (the estimated 41% total cost is close to the target range of 30-40%) without severe performance impacts by employing the cost reduction techniques Half duplex FDD operation, Reduced peak rate (1 Mbps) and Reduced bandwidth (1.4 MHz), but if it would be required to reach all the way, one more of the remaining cost reduction techniques is needed as well (which probably means Single Rx chain or Reduced Tx power since it is unclear whether Reduced support for DL transmission modes would bring any significant cost reduction). This conclusion is similar to the one drawn in [10].

Table 1: Modem cost estimates relative to the LTE reference modem

	
	Half duplex
	Reduced peak rate
	Reduced Tx power
	Single Rx chain
	Reduced BW
	RF
	Processing
	Total cost
	Total cost reduction

	Reference LTE modem
	
	
	
	
	
	40%
	60%
	100%
	0%

	Half duplex (HD)
	X
	
	
	
	
	34%
	60%
	94%
	6%

	Reduced peak rate (1 Mbps)
	
	X
	
	
	
	40%
	49%
	89%
	11%

	Reduced Tx power (no external PA)
	
	
	X
	
	
	28%
	60%
	89%
	11%

	Single Rx chain
	
	
	
	X
	
	35%
	51%
	85%
	15%

	HD + 1 Mbps
	X
	X
	
	
	
	34%
	42%
	76%
	24%

	HD + 1 Mbps + Reduced Tx power
	X
	X
	X
	
	
	23%
	42%
	65%
	35%

	HD + 1 Mbps + Single Rx chain
	X
	X
	
	X
	
	29%
	33%
	62%
	38%

	Reduced BW (1.4 MHz, option DL-1/UL-1)
	
	
	
	
	X
	40%
	14%
	54%
	46%

	HD + 1 Mbps + Reduced Tx power + Single Rx chain
	X
	X
	X
	X
	
	18%
	33%
	50%
	50%

	HD + 1 Mbps + Reduced BW
	X
	X
	
	
	X
	34%
	7%
	41%
	59%

	Reference EGPRS modem
	
	
	
	
	
	
	
	30-40%
	60-70%

	HD + 1 Mbps + Single Rx chain + Reduced BW
	X
	X
	
	X
	X
	29%
	6%
	35%
	65%

	HD + 1 Mbps + Reduced Tx power + Reduced BW
	X
	X
	X
	
	X
	23%
	7%
	30%
	70%

	HD + 1 Mbps + Reduced Tx power + Single Rx + Reduced BW
	X
	X
	X
	X
	X
	18%
	6%
	24%
	76%


3. Specification aspects to restrict techniques to only low performance MTC UE (TR section 8)
It is one of the objectives specified in the SID [1] to study methods to guarantee that any recommended UE cost reduction techniques that may result in degraded system performance are restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency.
In [12] it was proposed to make sure that existing UE categories are not affected by the simplications intended for low-cost UEs used for MTC by defining a new UE category for low-cost MTC purposes and restricting any simplification techniques affecting the UE or network performance to operate only with this new UE category.

To our understanding this approach should be technically feasible, although the final judgement is probaly better left to RAN3 and SA2.
The eNB could signal the UE category to the MME in connection to NAS Attach Request or TAU Request. The MME can then decide whether the UE is allowed to connect or not based on subscription information from the HSS in the home PLMN and possibly also based on local policies in the visited PLMN in case of roaming.
4. Conclusions and recommendations (TR section 9)
From the performed study we draw the conclusion that it is possible to achieve an LTE modem cost similar to that of the reference EGPRS modem (i.e. about 30-40% of the reference LTE modem cost) by employing the following combination of UE cost reduction techniques:
· Half duplex FDD operation

· Reduced peak rate (1 Mbps)

· Reduced bandwidth (1.4 Mbps)

· Single Rx chain or Reduced Tx power (or both)

Since the full package of these four (or five) cost reduction techniques may have quite severe performance impacts (see e.g. [13]), it may be worth to note that a substantial cost reduction can be achieved by the first three listed techniques alone, with moderate performance degradation.

A more detailed assessment of the performance impacts of Single Rx chain and Reduced Tx power may require the involvement of RAN4, since the Rx diversity gain depends on factors such as antenna imbalance and antenna correlation, and the Tx power at which the cost can be significantly reduced by replacing an external PA with an integrated PA depends on radio SoC implementation aspects.
Power consumption is expected to be on par with EGPRS. Coverage and cell spectral efficiency is expected to be better than EGPRS, while the degradation compared to LTE Rel-10 depends on what cost reduction techniques that are adopted. There will be impacts not only on the UE implementation but also on eNB software.
To our understanding, the network should be able to restrict the usage of a new UE category associated with degraded performance to the intended (MTC) purposes if the eNB signals the UE category to the MME which can then check that the subscription information and local policies (explicitly) allow the UE category to be used. However, the feasibility of such a mechanism is better judged by RAN3 and SA2.
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