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1. Introduction
The Study Item of Provision of low-cost MTC UEs based on LTE [1] was approved in RAN#53 meeting. The major objective of the SI is to find solutions to reduce the cost of the MTC devices based on LTE. During the RAN1 #67 meeting, it was agreed that the following five concepts may provide significant cost savings in the approved text proposal [2] to TR36.888. 
· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation

All the techniques were analyzed and evaluated. The corresponding text proposals had been agreed in [3]

 REF _Ref323391939 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref323391943 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref323391946 \r \h 
 \* MERGEFORMAT [6]

 REF _Ref323391948 \r \h 
 \* MERGEFORMAT [7].  In addition, it was agreed in the last meeting to study the technique “Reduction of supported downlink transmission modes”. 
In this contribution, we provide our further analysis for all the six techniques above and give our recommendations.
2. Discussion
1.1. Reduction of maximum bandwidth
Reduction of maximum bandwidth is one potential technique to reduce the UE cost and the text proposal [3] gives 2 solutions for uplink bandwidth reduction and 3 solutions for downlink bandwidth reduction as follows.
· Uplink
· Option UL-1: Reduced bandwidth for both RF and baseband

· Option UL-2: No bandwidth reduction

· Downlink
· Option DL-1: Reduced bandwidth for both RF and baseband

· Option DL-2: Reduced bandwidth for baseband only for both data channel and control channels

· Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still allowed to use the carrier bandwidth

We analyze and compare these different solutions of UL and DL respectively and give our recommendations.
· Uplink
Reduction of maximum bandwidth for UL, i.e. option UL-1 provides marginal cost savings which is estimated to be about 5% or less of the total UE cost. However, the coverage of both PUCCH and PUSCH will be negatively affected due to the loss in frequency diversity or frequency selectivity gain and accordingly there is some degradation in the uplink cell spectral efficiency. Moreover, if the PUCCH for MTC UEs is configured to be located within the reduced bandwidth, the legacy UE’s PUSCH performance will degrade due to segmentation of frequency resources for PUSCH. In addition, for option UL-1, performance degradation on PUCCH/PUSCH would increase the power consumption due to higher transmit power or longer transmission time. 
For option UL-2, there is no impact on UE cost, coverage, performance, power consumption and specifications. So we prefer option UL-2.
Proposal 1: Option UL-2 is recommended for low-cost MTC UEs.
· Downlink

Considering the downlink bandwidth reduction can bring significant cost savings (about 39% for option DL-1, about 28% for option DL-2 and about 19% for option DL-3 for 1.4MHz reduced bandwidth [8]), we propose that the downlink bandwidth reduction is adopted for low-cost MTC UEs.
Option DL-1 can achieve the most cost savings among the three options. However, the RF tuning issue will arise if the frequency location of narrow band is changed semi-statically, dynamically or in a pre-defined pattern. The UEs adopting option DL-1 have to tune its RF onto the configured RF bandwidth, which introduces problems such as tuning delay and implementation complexity. From the performance perspective, the coverage for DL control channels and PDSCH will be decreased due to the loss in frequency diversity gain and frequency selective scheduling gain, hence the DL cell spectral efficiency will also be reduced accordingly. Regarding specification impact, option DL-1 needs to design new control channels which has an impact on specifications. Moreover, if the option UL-2 is adopted by the MTC UEs, option DL-2 or option DL-3 would be a more natural choice than option DL-1 when combined with option UL-2.
Comparing option DL-2 and option DL-3, the main difference is whether the bandwidth of control channels in baseband is reduced, which mostly has an impact on post-FFT buffering and channel estimation. The buffer size for data channels is the same for both options. Additional buffer for control region signals within the entire bandwidth leads to higher cost in post-FFT buffering for option DL-3 than option DL-2. And in order to guarantee the channel estimation performance and coverage performance for the DL control channels, option DL-3 may need to use more CRS. But it is noted that the UEs does not need to buffer all the signals within the entire bandwidth since the UE can only store the CRS.
For both option DL-2 and option DL-3, their data channels are limited in narrow bandwidth so that they have similar DL cell spectral efficiency performance. For option DL-3, the most advantage is the legacy control channels can be used for MTC UEs and there will be no control channel coverage loss or specification changes for DL control channels. For option DL-2, there may be some coverage loss for the DL control channels and new control channels need to be designed which has an impact on specifications. If the ePDCCH can be used to support the narrow bandwidth MTC UEs, this standard burden can be alleviated. However, we are not sure whether the ePDCCH can be used for the MTC UEs at this stage. 
Proposal 2: Reduction of maximum downlink bandwidth is recommended for low-cost MTC UEs.
· Option DL-1 is not recommended
· If the ePDCCH can resolve control channel issues of low-cost MTC UEs, option DL-2 is recommended; otherwise option DL-3 is recommended
1.2. Single receive RF chain
Considerable cost savings for a single receive RF chain MTC UE can be achieved in both RF and baseband processing aspects, which is estimated to be in the range 15-38% [4]. However, there would be some loss in downlink coverage and spectral efficiency due to the degradation in UE receiver performance resulting from a single receive RF chain implementation. It is recognised that the coverage of single receive RF chain UEs still exceeds that of GSM/EGPRS UEs. And many LTE networks are uplink-limited for the legacy UEs with dual receive RF chains, hence some loss of downlink coverage may not lead to an overall system coverage loss in such networks. Moreover, these losses can be compensated through implementation or specification changes. The text proposal [4] gives some candidate solutions while whether they can overcome the performance losses should be further evaluated. If the single receive RF chain is adopted, it will have some impact on RAN 4 specifications and may need additional RAN1 specification changes for those performance compensation schemes. Considering the significant cost savings and other impacts analyzed above, we propose:
Proposal 3: Single receive RF chain is recommended for low-cost MTC UEs.
· Additional schemes should be further studied and evaluated to compensate downlink coverage loss by using a single receive RF chain
1.3. Reduction of peak rate 
In the text proposal [5], several candidate techniques are proposed for peak rate reduction, which includes reduction of TBS, restriction of PRB, restriction of maximum modulation order, reduction of the maximum number of HARQ processes, etc.  We give further analysis on these techniques in our companion contribution [9] with the following proposals.
Proposal 4: Reduction of peak rate is recommended for low-cost MTC UEs.

· Reduction of maximum TBS for DL and UL is recommended
· No restriction of the number of PRBs and no restriction of maximum modulation order 
· HARQ shall be kept 
· Reducing the maximum number of HARQ processes is recommended
1.4. Reduction of transmit power 
According to the analysis in [6] and [10], reduction of transmit power can achieve a maximum 10-12% relative cost saving compared to the reference category 1 LTE modem if the power amplifier is removed completely. However, the system performance degrades significantly if the maximum transmit power is reduced. For example, with the COST231-Hata model, the cell radius reduces 78.2% if the PA is removed and the UE output power is of the order of 0 dBm. This significant reduction in uplink coverage means that coverage requirements are not met. It is anticipated that it will be quite difficult to fully compensate the coverage loss. At least significant specification changes and complexity increase are forseen. Moreover, the cell spectral efficiency degrades significantly if the maximum transmit power is reduced. It has been evaluated and observed that the cell spectral efficiency decreases about 59% and cell-edge user spectral efficiency decreases about 98% respectively if the maximum transmit power is reduced from 23dBm to 0dBm. Besides potential RAN1 specification impact, reduction of transmit power will also impact RAN4 specifications. Based on the analysis above, we have the following proposal:

Proposal5: Reduction of transmit power is not recommended.
1.5. Half duplex operation 
Half duplex operation is a technique that can lower the cost of an MTC UE by simplifying the RF implementation. Based on evaluation in [7], the total cost saving for half duplex operation is in the range 4-19%. Besides, half duplex operation will result in no loss of coverage and it is expected that the cell spectral efficiency for HD-FDD MTC UEs would be comparable with that of legacy FD-FDD LTE UEs and it is likely to be significantly greater than that of GSM/EGPRS. Compared to the reference category 1 LTE modem, power consumption is likely to be reduced since the MTC UE is not required to receive and transmit at the same time and the transmitter insertion loss for a switch is less than for a duplexer. Though some support for half duplex operation was introduced in LTE Release 8, it is recognized that further study and specification work may be required including: RAN 4 will need to update the specification to define bands in which HD-FDD UEs can operate, performance requirements for HD-FDD UEs and performance requirements for the switching time for the downlink-to-uplink and uplink-to-downlink transitions if deemed necessary by RAN1; RAN1 may need specification changes to introduce a UE TX/Rx switching time and to manage conflict between downlink and uplink transmission.  Based on the above analysis, we propose:
Proposal 6: Whether half duplex operation shall be adopted depends on the target cost saving.
1.6. Reduction of supported downlink transmission modes
We present detailed analysis from cost saving and performance impact points of view related to supported downlink transmission modes in our companion contribution [11] and propose:
Proposal 7: Transmission modes supported by low-cost MTC UEs should not be limited to TM1 and TM2. Rank 1 precoding should be supported by low cost MTC UEs.
3. Conclusion

In this contribution, we give our further analysis for all candidate techniques that have been raised to low-cost MTC UEs and provide our conclusions and recommendations with the following proposals. We propose these recommendations can be adopted and captured in the TR 36.888.
Proposal 1: Option UL-2 is recommended for low-cost MTC UEs

Proposal 2: Reduction of maximum downlink bandwidth is recommended for low-cost MTC UEs.
· Option DL-1 is not recommended
· If the ePDCCH can resolve control channel issues of low-cost MTC UEs, option DL-2 is recommended; otherwise option DL-3 is recommended

Proposal 3: Single receive RF chain is recommended for low-cost MTC UEs.
· Additional schemes should be further studied and evaluated to compensate downlink coverage loss by using a single receive RF chain
Proposal 4: Reduction of peak rate is recommended for low-cost MTC UEs.

· Reduction of maximum TBS for DL and UL is recommended
· No restriction of the number of PRBs and no restriction of maximum modulation order 

· HARQ shall be kept 
· Reducing the maximum number of HARQ processes is recommended
Proposal5: Reduction of transmit power is not recommended.

Proposal 6: Whether half duplex operation shall be adopted depends on the target cost saving.
Proposal 7: Transmission modes supported by low-cost MTC UEs should not be limited to TM1 and TM2. Rank 1 precoding should be supported by low cost MTC UEs.
4. References

[1]. RP-111112, Proposed SID: Provision of low-cost MTC UEs based on LTE, Vodafone, RAN#53
[2]. RP-114447, “Text proposal for cost reduction concepts for MTC UEs”, IPWireless, RAN1#67
[3]. R1-120909, Text proposal on reduction of maximum bandwidth for Section 6.2 of TR 36.888, Alcatel-Lucent , RAN1# 68
[4]. R1-121826, TP on evaluation/analysis of single receive RF chain for low-cost MTC devices, IPWireless Inc. , RAN1 # 68bis
[5]. R1-120949, Text proposal on analysis of peak rate reduction for Section 6.4 of TR 36.888, HuaWei, RAN1#68

[6]. R1-121827, TP on evaluation/analysis of reduced transmit power for low-cost MTC devices, IPWireless Inc. , RAN1 # 68bis

[7]. R1-121828, TP on evaluation/analysis of half-duplex operation for low-cost MTC devices, IPWireless Inc. , RAN1 # 68bis
[8]. R1-121922, Text proposal on reduction of maximum bandwidth for Section 6.2 of TR 36.888 Huawei, HiSilicon , RAN1# 68bis
[9]. R1-122056, Recommendation for reduction of peak rate for low-cost MTC LTE UEs, CATT, RAN1#69

[10]. R1-121108, Analysis on reduction of transmit power for low-cost MTC LTE UEs, CATT, RAN1#68bis
[11]. R1-122055, Discussion on reduction of supported downlink transmission modes for low cost MTC LTE UEs, CATT,RAN1#69






PAGE  
1

