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1
Introduction

The R11 SI “Provision of low-cost MTC UE’s based on LTE” aims to investigate the feasibility of MTC type of terminals and solutions that would permit the use of LTE radio access to become competitive with that of GSM/(E)GPRS terminals addressing the MTC use case.
Following the February and March 2012 RAN1#68 and #68bis meetings, text proposals for reduced BW, single Rx RF, reduction of peak rate, reduction of Tx power and half-duplex operation were approved ([1]-[5]). These summarize the expected range for cost savings when compared to a R8 single RAT single band reference Cat 1 UE, as well as the expected impacts onto coverage, cell spectral efficiency, power savings and specifications work.

In this contribution, we provide our views on possible conclusions and our recommendations for future work in support of Low-Cost UE’s based on LTE radio access for the SI in TR36.888.

2
Discussion
The introduction of a low-complexity LTE device class in support of MTC applications and use cases is a key factor for continued success of LTE radio access technology.

This is partly motivated by spectrum allocation and practical deployment constraints for operators to manage spectrum allocations and radio network technology supporting more than just one single radio access technology. It is of equal importance to consider that efficient support for low data rate LTE devices allows LTE based radio access technology to address existing and growing needs to capture traffic in one very significant area of wireless usage.
Proposal 1

Continue the work on Low-cost UE based on LTE through a R12 work item.

Ensuring inter-operability and RF coexistence of a future Low-cost UE device class with legacy and high-performance LTE UE’s is a key design requirement that is of critical importance.

While several promising techniques with potential for cost savings exist, we think it is important to firmly base any future Low-cost UE work on the premise that such devices, where applicable, will need to comply with all existing R8 LTE transceiver RF requirements to protect existing LTE network deployments and the legacy LTE UE base.
On the Tx side, such applicable RF requirements would for example include EVM (as a function of modulation type), Tx power tolerances, and the existing OOB/ACLR and spurious emission limits. Similarly, on the Rx side, Low-cost UE’s should continue to comply with applicable requirements such as Tx signal leakage (if operating in full-duplex FDD), Rx selectivity, blocking and spurious response, as well as IMD and DR requirements. On the other hand, a certain relaxation of REFSENS requirements may be deemed possible depending on context.
Such a design premise will impose some limits with respect to the degrees of freedom for example on how to dimension and operate the power amplifiers for future Low-cost UE’s. We think however that the risk associated with revisiting these extensively evaluated and well-established 3GPP requirements by far outweigh the potential benefits.

Moreover, it is extremely desirable that existing eNB and site implementations are not impacted on the HW and the RF front-end side when support for Low-cost UE’s is introduced.
Proposal 2
Low-cost UE’s based on LTE are expected to comply with existing R8 LTE Tx and Rx side RF requirements as applicable to protect existing LTE network deployments and the legacy LTE UE base. No relaxation of core RAN4 LTE RF requirements can be assumed.
Another underlying design premise affecting the viability of future LTE Low-cost UE’s devices is ubiquity.

It should not be assumed that Low-cost UE’s will only be deployed and operated in small cell or urban environments where the maximum UL Tx power is typically not reached by a large percentage of LTE UE’s. On the contrary, we would typically expect that similar to GSM/(E)GPRS, LTE radio based MTC devices will be employed in cellular networks both in modestly sized urban Macro cells as well as in relatively large size suburban or rural Macro cells.

Therefore, while certain degradations in terms of achievable coverage and cell spectral efficiency may be deemed acceptable, cost saving techniques in support of Low-cost UE’s should allow for operation in both small urban (ex: 3GPP Case 1) and large urban / suburban (ex: 3GPP Case 3) Macro cells.
In particular, we think that the presence of Relays or MTC aggregators in the Uu to assist or help to improve the coverage of Low-cost UE’s cannot be assumed. Any of these assumptions would imply heavy limitations to the Low-cost UE / MTC use case, and moreover affect LTE radio network and protocol architecture. Such an approach would also imply design deltas at least on the network-side in the protocol stack across U-plane, C-plane and M-plane.
Proposal 3
Techniques in support for a future Low-cost UE based on LTE should be evaluated both in small urban Macro and large urban / suburban Macro cell environments. Presence of relays or MTC aggregators in the Uu cannot be assumed.
During the past several RAN1 meetings, significant work by many companies was done on reduced BW, single Rx RF, reduction of peak rate, reduction of Tx power and half-duplex operation techniques. The approved text proposal for 36.888 in [1]-[5] summarize the expected range for cost savings when compared to a R8 single RAT single band reference Cat 1 UE, as well as the expected impacts onto coverage, cell spectral efficiency, power savings and specifications work.

While it is inherently difficult to summarize the estimates for both potential cost savings and impacts into a single range, it is meaningful to compare these individual cost saving techniques relatively to each other (Table 1).
Note that we have excluded potential for power savings from this comparison, given that Tx and Rx side power consumption numbers both depend on power drain incurred from BB processing and the RF silicon, but also from the activity cycles for DL data reception and UL data transmission. Both assumptions made on the MTC traffic distribution and network scheduling strategies heavily affect these, and it is not a trivial task to reconcile all above factors into a single model. If anything, we expect Single RX RF chain to benefit most from power reduction given to the very significant reduction in die size and silicon area.
We consider that Reduction of UL Tx power is a prohibitive technique in terms of coverage, spectral efficiency and specification impacts. Even under very optimistic assumptions, i.e. a use of a new RF amplifier class allowing for some 15-16 dBm peak, achieving the same area coverage in large urban or suburban macro deployments as LTE would be out of reach even at the reduced data rates that Low-cost UE’s are expected to support.

While support of a single Rx RF chain would likely allow for the most significant cost reduction, both reduction of peak rates and reduction of maximum bandwidth result in least impacts to coverage and cell spectral efficiency in presence of legacy LTE UE’s.

We note that gains from reduced peak rates and reduced bandwidth are not accumulative. It is easier to consider that the reduced peak rates technique is an extension of savings in terms of a reduced peak rate implied by reducing the PDSCH processing bandwidth. We simply recommend considering both techniques in conjunction.

We estimate that it is necessary to aim at least at some 50% complexity reduction when comparing the R8 single RAT single band reference Cat 1 UE to a future Low-cost UE device class.

It should not be forgotten however, that the agreed upon evaluation assumption in TR36.888 only assume a single-band reference UE. In practice, we expect that Low-cost UE modems may not necessarily be single band LTE only. This is in particular of interest when considering half-duplex operation which may allow for significant amounts of SoC integration beyond the assumption of single-band operation.

In order to even reach a moderately ambitious cost reduction target of at least 50%, reduction of maximum BW in combination with reduced peak rates alone would not be sufficient. 

Despite nominally moderate cost savings, additional support for Half-Duplex operation for a future Low-cost UE should be considered for the reason that it allows SoC integration for the Tx/Rx modem sides that are both accumulative to other techniques, and which comes at little if no impact to 3GPP core specifications (even though it can be expected to result in a non-negligible amount of RAN4 work).

Proposal 4
A future LTE Low-cost UE WI should at least support reduction of maximum BW (DL-2 or -3/UL-2), reduced peak rates and half-duplex operation.
Table 1: Summary of potential cost savings versus coverage, spectral efficiency and specification impacts
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	Benefit
	Cost

	Cost saving technique
	Potential for overall relative cost saving
	Coverage impacts
	Cell spectral efficiency impacts
	Specification work impacts

	Reduction of maximum BW
(ex: DL-2 and UL-2)
	
19%-26%
	Low
(DL: Control/Data)
	Low
(DL: <10%)
	Medium
(re-using ePDCCH)

	(DL) Single Rx RF chain
	25%-30%
	Medium
(DL: Control)
	Medium
(DL 21%-27%)
	Medium
(Mostly RF spec’s)

	Reduction of peak rate
(ex: Technique 1 “Reduced TB sizes”)
	11%-21%
	Lowest
(little if any)
	Lowest
(little if any, but different for Technique 3)
	Lowest
(Mostly core spec’s)

	Reduction of (UL) Tx power
(ex: new RF @17dBm)
	5%-10%
	Highest
(UL: dramatic)
	Highest
(UL: Case 1/3 10%/70%)
	Highest
(Core and RF spec’s)

	Half-duplex operation
	6%-12%
	Lowest
(UL: little if any)
	Lowest
(DL&UL: little if any)
	Medium
(Mostly RF spec’s)


3.
Conclusions and Recommendations

In this contribution, we provide our views on possible conclusions and our recommendations for future work in support of Low-Cost UE’s based on LTE radio access for the SI in TR36.888.

In summary, we propose that:
Proposal 1

Continue the work on Low-cost UE based on LTE through a R12 work item.

Proposal 2
Low-cost UE’s based on LTE are expected to comply with existing R8 LTE Tx and Rx side RF requirements as applicable to protect existing LTE network deployments and the legacy LTE UE base. No relaxation of core RAN4 LTE RF requirements can be assumed.

Proposal 3
Techniques in support for a future Low-cost UE based on LTE should be evaluated both in small urban Macro and large urban / suburban Macro cell environments. Presence of relays or MTC aggregators in the Uu cannot be assumed.

Proposal 4
A future LTE Low-cost UE WI should at least support reduction of maximum BW (DL-2 or -3/UL-2), reduced peak rates and half-duplex operation.
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