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1. Introduction

The WI of low cost and enhanced coverage MTC UE will start from the RAN WG1 #74 meeting. The objective of the WI is to specify a new UE category/type for MTC operation that will achieve lower hardware cost and improve the coverage compared to legacy UEs [1]. In this contribution, we discuss our views on the low cost MTC UE and improvement in coverage.
2. UE Category/Type
The WI objective describes three possible methods that the new UE category/type for MTC operation supports. 
· 1 Rx antenna
· Downlink and uplink maximum TBS size of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

As described in [2], the expected cost reduction gain is 24%–29%, 10.5%–21%, and 19% for a single receiver RF, peak rate reduction, and reduced bandwidth of 1.4 MHz for data channel in the downlink baseband, respectively. Note that the actual cost reduction may depend greatly on the economy of scale of the specified low cost MTC UEs.
According to the cost reduction evaluation, a single receiver RF can provide the largest cost reduction. On the other hand, as is also described in [2], a single receiver RF degrades the downlink coverage by approximately 4 dB. The degradation of downlink coverage is a risk on common channel and control channel operation in the downlink even if an improvement in coverage is introduced jointly. The impact on the spectral efficiency is also significantly large. The degradation is approximately 23% to 25% for FDD and approximately 17% for TDD [2]. Furthermore, the existing LTE specification assumes at least two receiver antennas on a UE. This means an additional requirement must be specified in RAN4.

For the peak data reduction, introducing a new category is not challenging because 8 UE categories with different values for the maximum TBS for the downlink and uplink have already been specified. One difference compared to introducing a new category in past specifications is that this new UE category for MTC operation cannot support any Rel. 8 category due to a lower maximum TBS than the legacy categories. 

For the reduced bandwidth, limiting the target only to the bandwidth of the data channel in the downlink baseband can avoid serious coverage degradation, which is expected for further bandwidth reduction of the RF and for the uplink with the cost of its limited cost reduction gain. If the peak data reduction is introduced together with the reduced bandwidth, additional cost reduction of the bandwidth reduction would be further limited. The network cost for additional implementation of a downlink scheduler and future operational cost to handle a huge number of MTC UEs with a limited downlink bandwidth should be carefully considered.

The analysis above is summarized in Table I.

Table I. Summary of Comparison of Cost Reduction Methods
	Metrics

Methods
	Cost Reduction
	Coverage Degradation
	Network Cost for Implementation and Operation
	Specification Impact (RAN1/2/4)

	Single receiver RF
	24% – 29%
	4 dB for downlink
	Medium
	Medium

	Peak data reduction
	10.5% – 21%
	None
	Small
	Small

	Bandwidth reduction
(DL BB data only)
	19% (decreases with peak data reduction)
	None
	Large
	Medium


Considering the rapidly growing market 
for MTC, introducing a low cost MTC UE is highly expected in Rel. 12. Therefore, the schedule for the specification work in RAN2 and RAN4 must also be considered carefully.

From the above discussion, introducing a peak rate reduction with the highest priority and careful consideration for the other two methods are beneficial.

Observation 1:
· Significant cost reduction can be achieved with peak rate reduction and a single receiver RF
· Coverage degradation of 4 dB is introduced with a single receiver RF
· Network cost for implementation and operation may increase with a single receiver RF or bandwidth reduction
· A single receiver RF and bandwidth reduction may have a significant impact on the work load of other WGs
Proposal 1:
Introducing a peak rate reduction with the highest priority and careful consideration for the other two cost reduction methods are beneficial.
3. Coverage Improvement Related to UE Capability
In the WI objective, introduction of coverage improvement is also described [1].
· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

i. Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

ii. A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

iii. Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

iv. A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

In this section, we discuss some assumptions for improving the coverage before specifying coverage enhancement techniques for each channel.

3.1
Coverage improvement capability

Although cost reduction and coverage improvement are identified together in the WI, the motivations for the two features are not the same. As discussed in Section 2, cost reduction would be beneficial to all the operators and customers, i.e., peak rate reduction. For coverage improvement, some operators may not have a strong demand to introduce a large improvement in coverage such as 15 dB. Furthermore, future dense deployment of eNBs will further reduce the required improvement in coverage and low cost MTC UEs may be covered by future coverage due to a long product lifetime in MTC. Therefore, scalable improvement in coverage with a full range, from 0 dB to the maximum improvement, is essential.

Observation 2:
Required improvement in coverage depends on operators and may decrease in the future.
Proposal 2:
Scalable improvement in coverage from 0 dB to the maximum improvement is essential.
Improvement in the coverage for legacy UE categories could be introduced if such improvement is beneficial. Since the target of low cost MTC UEs would be limited to low mobility and low traffic cases, the other cases will be covered with legacy UEs. Possible scenarios can be classified into the following cases.
(1) (If the low cost MTC UE category only supports low mobility) middle-high mobility MTC UEs 
(2) MTC UEs that have middle-high traffic demand (regardless of mobility)
(3) Non-MTC UEs (regardless of mobility and traffic)
For case (1), such moving UEs are assumed to be located outdoors. Therefore, a large improvement in coverage that is intended for indoor UEs, located deep inside buildings, is not required. Furthermore, moving UEs do not face severe conditions while static UEs located out of the coverage area may lose connection entirely. For case (2), similar demand for improvement in coverage compared to low cost MTC UEs may be expected. However, in reality, improvement in coverage with an allowable amount of overhead is further limited compared to low cost MTC UEs which have a limited amount of traffic. Therefore, operators will limit the maximum amount of coverage improvement for legacy UEs even if the improvement in coverage can be applied to legacy UEs. Similar can be said for non-MTC UEs in case (3). In addition, non-MTC UEs are typically not tolerant of long delays; therefore, the possible degree of improvement in coverage is highly limited and it will be covered by the coverage enhancement WI [3]. Therefore, case (2) would be the major motivation for introducing the improvement in coverage to the legacy UE categories.

Observation 3:
Coverage improvement for legacy UE categories with MTC operation would be beneficial especially with middle-high traffic that cannot be supported with low cost MTC UEs.
Observation 4:
Possible degree of improvement in coverage is small considering higher traffic demands.
3.2
Identification of relative LTE coverage improvement
In the WID, the target of coverage improvement is identified as 15 dB for FDD. The target for TDD should be identified as well. For FDD, the bottleneck of the coverage is the PUSCH and PRACH. On the other hand, the bottleneck is the PRACH and PDCCH for TDD. If a single receiver RF is specified as the low cost MTC UE category, the required improvement in coverage is further increased. If much repetition is acceptable considering long delays for the channels, the specification impact is limited. The PBCH may have an impact on identification of the target value for TDD as described in [2].
Repetition is limited within 40 ms for PBCH due to SFN indication. With the limitation, achieving 17.7 dB (with 20 dB target) improvement for TDD is challenging only with PSD boosting and repetition.

Due to the limitation on the possible number of repetitions, the PBCH could be a practical bottleneck for the target value. The feasibility of a single receiver RF should also be considered. Therefore, relative coverage improvement for TDD could be identified based on the possible improvement in coverage with repetition and power boosting on the PBCH. Although enhanced decoding techniques for improving the PBCH coverage were proposed in the SI [1], UE complexity should also be carefully investigated. Further modification may not preclude considering a potential specification impact on the discussion for individual channels in the WI. 
Observation 5:
Relative LTE coverage improvement needs identification for TDD.
Observation 6:
The PBCH may restrict relative LTE coverage improvement.
4. Conclusion

In this contribution, we presented our general views on low cost MTC UEs and coverage improvement. According to the discussion, we make the following observations and proposals.

Observation 1:
· Significant cost reduction can be achieved with peak rate reduction and a single receiver RF.
· Coverage degradation of 4 dB is introduced with a single receiver RF,
· Network cost for implementation and operation may increase with a single receiver RF or bandwidth reduction.
· A single receiver RF and bandwidth reduction may have a significant impact on the work load of other WGs.
· Proposal 1:
Introducing a peak rate reduction with the highest priority and careful consideration for the other two cost reduction methods are beneficial.
· Observation 2:
Required improvement in coverage depends on operators and may decrease in the future.
· Proposal 2:
Scalable improvement in coverage from 0 dB to the maximum improvement is essential.
· Observation 3:
Coverage improvement for legacy UE categories with MTC operation would be beneficial especially with middle-high traffic that cannot be supported with low cost MTC UEs.
· Observation 4:
Possible degree of improvement in coverage is small considering higher traffic demand.
· Observation 5:
Relative LTE coverage improvement needs identification for TDD.
· Observation 6:
The PBCH may restrict relative LTE coverage improvement.
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