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1. Introduction
RAN1 has studied LTE UE modem cost reduction techniques for provisioning of low-cost MTC UEs based on LTE. The results of the study are documented in TR 36.888 [1]. Since then, an updated study item description (SID) [2] has been approved which extends the scope to include also study of coverage enhancements. More specifically,

A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint as engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice). In identifying solutions, any other related work agreed for Release 12 should be taken into account.
This contribution summarizes our initial general considerations on this topic.
2. Requirements

TR 36.888 section 5.1 lists the following requirements on the low-cost MTC UE:

· Support data rates equivalent to that supported by [R’99 E-GPRS] with an EGPRS multi-slot class 2 device (2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots) as a minimum. This does not preclude the support of higher data rates provided the cost targets are not compromised.

· Enable significantly improved average spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and  ideally comparable with that of LTE. Optimisations for low-cost MTC UEs should minimise impact on the spectrum efficiency achievable for other terminals (normal LTE terminals) in LTE Release 8-10 networks.

· Ensure that service coverage footprint of low cost MTC UE based on LTE is not any worse than the service coverage footprint of GSM/EGPRS MTC device (in an GSM/EGPRS network) or that of “normal LTE UEs” (in an LTE network) assuming  on the same spectrum band.
· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.
· Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks. 

· Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.

· Re-use the existing LTE/SAE network architecture.

· Solutions should be specified in terms of changes to the Rel 10 version of the specifications

· The study item shall consider optimizations for both FDD and TDD mode.

· The initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.

· Low cost MTC device support limited mobility (i.e. no support of seamless handover; ability to operate in networks in different countries) and are low power consumption modules

The new requirement on enhanced coverage for very low rate traffic with relaxed latency in accordance with the updated SID should be added to this list of requirements. In this section we discuss some further aspects on the requirements on the coverage enhancement techniques.

Mobility
To our understanding the most important targeted application is communication with smart utility meters installed in fixed locations with bad coverage, so a clarification that the requirement only applies to cases with very low velocity might be useful. It is already stated that the low-cost MTC devices supports “limited mobility (i.e. no support of seamless handover; ability to operate in networks in different countries)” but if it could furthermore be assumed that the velocity is very low (possibly significantly lower than 3 km/h) then it might be possible to exploit this property in the design of the coverage enhancement techniques.
Proposal 1: Clarify what maximum UE velocity (or minimum coherence time) that needs to be supported by the coverage enhancement techniques.
Complexity

Our understanding is that the coverage enhancement techniques may be of interest also for other UEs than low-cost MTC UEs but nevertheless the focus of this study should still be on coverage enhancement techniques that do not require significant additional complexity, neither on the UE side nor on the network side. This means that the UE should be no more complex than a Cat-1 UE and the network should be no more complex than a typical LTE network deployment. But this also means that we have a quite limited toolbox at hand when trying to reach the ambitious goal set out in the updated SID.

Proposal 2: Clarify to what extent the coverage enhancement techniques are allowed to introduce additional complexity in the UE or in the network.

Power efficiency

Low power consumptionis listed among the requirements (“low power consumption modules” with “overall power consumption no worse than existing GSM/GPRS based MTC devices”). However, if we were able to make an assumption that the devices suffering from very bad coverage are at least fortunate enough to be in fixed locations where they have permanent access to a power grid, perhaps the requirement on lower power consumption could be relaxed and then perhaps there might be ways to exploit this, trading power efficiency for coverage. It should be noted that there are other activities in 3GPP where power efficiency is more of a primary focus than in this study item, e.g. [3] and [4].
Proposal 3: Clarify to what extent the coverage enhancement techniques are allowed to increase the UE power consumption.
Configurability
Since only a fraction of the UEs supporting the coverage enhancement techniques are expected to actually be in very bad coverage, it would probably be beneficial if the coverage enhancement techniques are configurable or scalable to some degree in order to avoid excessive resource usage. If possible, only the individual UEs that actually benefit from it should be applying the coverage enhancement techniques. To what extent the network and the UE should take part in the decision whether to apply these techniques or not remains to be studied.
Proposal 4: It should be possible to enable the coverage enhancement techniques only for the UEs that actually need it and to keep all other UEs in legacy operation mode.
According to the updated SID the target is a 20-dB improvement in coverage. However, it seems reasonable to consider some intermediate steps between ‘no improvement’ and ’20 dB improvement’ in order to allow for some network optimization. If possible, it might be beneficial to be able to set the magnitude of the coverage enhancement individually per physical channel since there may be scenarios where different channels require different levels of improvement in order to balance each other. For example, if the coverage enhancement techniques are applied in order to compensate for the coverage losses associated with the UE cost reduction techniques described in TR 36.888, it may be desired to improve coverage for some downlink channels with close to 10 dB while the uplink channels may not need any coverage improvement at all.
Proposal 5: Consider allowing the magnitude of the coverage enhancement to be controllable per channel (or per group of channels) and per UE.
Carrier type

The list of requirements specifies that we should “target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier”. Our understanding is therefore that also the coverage enhancement techniques should target operation on a legacy LTE carrier.
However, the updated SID also stipulates that “any other related work agreed for Release 12 should be taken into account”. The new Rel-12 work item on a “New Carrier Type” (NCT) [5] will result in the introduction of a new stand-alone non-backwards compatible carrier type used e.g. in small cell scenarios. An MTC UE that applies the coverage enhancement techniques ought to be able to access the new carrier type in order to access the system regardless of whether the operator has deployed a legacy carrier type or a new carrier type.
Proposal 6: The coverage enhancement techniques should target operation on both the legacy LTE carrier and the new carrier type in Rel-12.
3. Evaluation methodology

Baseline UE assumptions
TR 36.888 section 5.2 specifies the following assumptions on the ‘reference LTE modem’:

· System bandwidth is 20MHz

· Category-1 LTE UE

· Single RAT

· Single band

· TDD/Full duplex FDD

· Direct DL and UL wide-area-network access from MTC devices to eNB

Since the potential new UE category for low-cost MTC devices has not been properly defined yet, it seems reasonable to continue to use a Cat-1 UE as the baseline in the coverage enhancement study but to keep in mind that additional coverage enhancements may be needed at least for some channels in order to reach the same coverage with a low-cost MTC UE as with a Cat-1 UE some of the UE cost reduction techniques are associated with coverage losses.
Proposal 7: Keep the reference LTE modem in TR 36.888 as baseline also in the coverage enhancement study.

Baseline eNB assumptions
It seems reasonable to keep a eNB antenna configuration with 2 Tx antennas and 2 Rx antennas as the baseline case in the FDD case. It should also be clarified what baseline eNB antenna configuration to use in the TDD case. In the UE cost reduction part of the study, 8 Tx an 8 Rx antennas were assumed in the TDD case.

Proposal 8: Clarify what eNB antenna configuration to assume in the baseline cases for FDD and TDD.
Methodology for coverage analysis

TR 36.888 section 5.2.1.2 specifies the methodology for coverage analysis using link budgets. The link budgets for LTE FDD and LTE TDD can serve as a starting point for the coverage enhancement study. As discussed in [6], all existing physical channels may not be needed for the targeted MTC applications.
Proposal 9: Try to identify which physical channels are critical for the operation of the targeted MTC UEs and focus the study on coverage enhancement techniques for these physical channels.
Methodology for cell spectral efficiency evaluation
TR 36.888 section 5.2.1.3 specifies the methodology for cell spectral efficiency evaluation. The updated SID calls for evaluation of
· Impact to the system spectral efficiency from techniques that allow coverage improvement techniques up to the target improvement figure - considering that a relatively small proportion of traffic requires the coverage improvement, and the traffic can be scheduled at quiet times.
It is stated that a relatively small portion of traffic requires the coverage improvement and that the traffic can be scheduled at quiet times but it would be useful to agree on some more detailed numbers. Our suspicion is that the transmissions within a cell from UEs requiring the coverage improvements will so infrequent that they can essentially be assumed to be non-overlapping, perhaps also between neighboring cells.
Proposal 10: Clarify what assumptions can be made regarding the number of UEs per cell requiring the coverage improvement and the simultaneous background load from other UEs.
4. Traffic model/characteristics

The updated SID specifies that the coverage enhancement should be targeting

very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice).

It can be noted that the message sizes in the updated SID (20 bytes, 100 bytes) seem to be comparable to some of the packet sizes given in Table A.1 and Table A.2 from Annex A in TR 36.888 (256 bits, 1000 bits). However, it is not entirely clear whether the message sizes stated in the updated SID correspond to transport block sizes or to higher protocol layer SDU sizes.
Proposal 11: Clarify what transport block sizes to assume in the evaluation.
It would also be useful to also agree on an assumption on the packet inter-arrival time. Our current understanding is that it might be reasonable to assume a relatively large inter-arrival time, in the order of 1 hour or more.
Proposal 12: Clarify what assumptions can be made regarding the packet inter-arrival time.

For the no mobility case in Table A.1, a static or, optionally, a pedestrian channel can be assumed. As discussed in section 2.1, it may be beneficial to get a common understanding of what maximum velocity or minimum coherence time that can be assumed for these MTC UEs.
Table A.1 from TR 36.888: MTC traffic model/characteristics for UL regular reporting
	Use cases
	UL interval
	Packet (bits)
	Mobility

	No mobility
	1min (optional)
5min, 30min,

1hour
	1000, optional 10000
	Static,

Pedestrian (optional, no seamless handover requirement)



	Limited mobility
	5s (optional)
10s,30s
	1000
	Vehicular (no seamless handover requirement)


Table A.2 from TR 36.888: MTC traffic model/characteristics for triggered reporting
	Traffic model parameter (UL and DL)
	Value

	Traffic volume size distribution (Triggered)
	256 bits,1000 bits

	Traffic inter-arrival time (Triggered)
	Exponential: Mean = 30secs*


5. General techniques for coverage enhancement
Antenna techniques

Antenna techniques can provide higher antenna gains or improved receiver performance through advanced receiver processing. Since the coverage enhancement techniques are probably not allowed to make use of more antennas at the UE or at eNodeB, the most promising possibility here is perhaps to explore the possibility to increase the antenna gain through the use of high gain antenna(s) at the UE.

Proposal 13: Clarify whether the use of high gain antenna(s) at the UE can be considered as a coverage enhancement technique.
Power boosting

As mentioned earlier, one relatively straightforward way to improve the coverage for many downlink channels is to boost the transmit power, concentrating the energy to a small frequency interval.  Power offsets can be applied between e.g. reference symbols and data. For the uplink, introduction of a higher power UE class would similarly help to improve the coverage.
Proposal 14: Clarify whether increased maximum UE transmission power level can be considered as a technique for uplink coverage enhancement.
Repetition

By various forms of repetition (e.g. subframe bundling and HARQ retransmission), energy can be accumulated by transmitting over a longer time. The increased time diversity may also help improve the fading margin. As already mentioned, the potential gain can be largely dependent on what channel coherence time that can be assumed.
Coordination
Transmissions in different cells or for different users can be coordinated in order to improve the desired signal or reduce the interference. The updated SID seems to suggest that the targeted MTC UEs can be scheduled when the interference from other UEs is low and that the targeted MTC UEs are noise limited rather than interference limited. Therefore the study should probably focus on energy combining aspects rather than interference reduction aspects. We assume that the coverage enhancements need to be achieved without using additional nodes such as relay nodes, but it may be worthwhile to consider whether techniques similar to DL CoMP, UL CoMP and MBSFN can provide interesting coverage gains for the targeted MTC UEs.
6. Conclusions
This contribution summarizes our initial general considerations on this topic. We have the following proposals.
· Proposal 1: Clarify what maximum UE velocity (or minimum coherence time) that needs to be supported by the coverage enhancement techniques.

· Proposal 2: Clarify to what extent the coverage enhancement techniques are allowed to introduce additional complexity in the UE or in the network.

· Proposal 3: Clarify to what extent the coverage enhancement techniques are allowed to increase the UE power consumption.

· Proposal 4: It should be possible to enable the coverage enhancement techniques only for the UEs that actually need it and to keep all other UEs in legacy operation mode.

· Proposal 5: Consider allowing the magnitude of the coverage enhancement to be controllable per channel (or per group of channels) and per UE.

· Proposal 6: The coverage enhancement techniques should target operation on both the legacy LTE carrier and the new carrier type in Rel-12.
· Proposal 7: Keep the reference LTE modem in TR 36.888 as baseline also in the coverage enhancement study.

· Proposal 8: Clarify what eNB antenna configuration to assume in the baseline cases for FDD and TDD.

· Proposal 9: Try to identify which physical channels are critical for the operation of the targeted MTC UEs and focus the study on coverage enhancement techniques for these physical channels.

· Proposal 10: Clarify what assumptions can be made regarding the number of UEs per cell requiring the coverage improvement and the simultaneous background load from other UEs.

· Proposal 11: Clarify what transport block sizes to assume in the evaluation.

· Proposal 12: Clarify what assumptions can be made regarding the packet inter-arrival time.

· Proposal 13: Clarify whether the use of high gain antenna(s) at the UE can be considered as a coverage enhancement technique.
· Proposal 14: Clarify whether increased maximum UE transmission power level can be considered as a technique for uplink coverage enhancement.
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