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1 Introduction

TPs for bandwidth reduction and peak data rate reduction were approved at RAN1#68 meeting. At the last meeting (RAN1#68b), three other remaining technique candidates for low-cost MTC were discussed, and the corresponding TPs were agreed after email discussion. Transmission mode reduction was also agreed to be discussed at this meeting. 
In this contribution, combinations of candidate technique are considered and analyzed from cost saving and performance aspects, based on the contribution for transmission mode reduction and the agreed TPs for other techniques. Recommendations are accordingly proposed in the end. 
2 Techniques in combinations
In order to achieve the main objective of this SI that the cost of the low-end of the MTC market is to be competitive with that of GSM/GPRS [1], combining some techniques seems necessary. There are six technique candidates for the low-cost MTC, and both cost evaluation and performance analysis were provided for each technique, based on the basic assumption for a reference LTE modem [2]. 
There are three techniques for reduction of peak rate [3]. Peak rate can be reduced to 1 Mbps for DL or UL by technique-1 which restricts the TB size for DL or UL to 1000 bits. The agreed cost savings for technique-1 is 10.5%-21% by restricting TB size for both DL and UL, which is larger than that for technique-2 and for technique-3. Hence, technique-1 is assumed for peak rate reduction when it is used in combinations. 
There are also three options for the technique of reduction of maximum bandwidth [4], and the cost savings summary is presented in [5], from which it is concluded that option DL-1 provides larger cost savings than option DL-2, and option DL-2 provides larger cost savings than option DL-3. 

Reducing the maximum bandwidth can also cause peak rate reduction. Reducing the maximum bandwidth to 6PRB by DL-1 (-2 or -3) can achieve peak rate reduction from 10 to 4 Mbps for DL and from 5 to 2 Mbps for UL. DL-3 is quite similar to technique-2 which restricts PDSCH to 6PRB while retaining the legacy PDCCH spanning the entire carrier bandwidth. DL-1 and DL-2 have more cost savings over DL-3. DL-1 introduces some changes to RF part compared with DL-2. If DL-2 relies on ePDCCH, workload on specifications can be minimized and better performance over DL-3 can be achieved. Based on overall consideration, DL-2 is assumed for reduction of maximum bandwidth when it is applied in combinations. It is worth pointing out that when calculating the cost savings for combinations, the savings between DL-2 and technique-1 is not cumulative, and if DL-1 replacing DL-2 is applied in combinations, the overall cost savings may be slightly higher. 
The analysis for combinations takes into account the evaluation in [6]-[8] when the techniques of transmit power reduction, half duplex operation, and single receive RF chain are applied in the combinations.
Reduction of supported downlink transmission modes is also considered in some combinations, and analysis for the corresponding combinations is based on the text proposal in [9]. 
The basic assumption for each technique in combinations is summarized in Table 1 from the above analysis. 
Table 1: Summary for each technique in combinations
	Technique candidates
	Description

	Bandwidth reduction
	Reduction from 20MHz to 1.4MHz. DL-2 is assumed.

	Single RF chain
	Reduction from 2 Rx to 1 Rx.

	Peak rate reduction
	Reduction from 10 to 1 Mbps for DL and from 5 to 1 Mbps for UL. Technique-1 is assumed.

	Transmit power reduction
	Maximum transmit power is reduced from 23dBm to 10dBm. 

	Half duplex operation
	Replacing a duplexer with a switch.

	Transmission mode reduction
	Only support TM1 and TM2.


3 Discussion on combinations
3.1 Cost analysis on combinations
There should be a total of 64 combinations under the assumption of six technique candidates. However, in order to simplify analysis for all possible combinations, when considering the overall cost savings, the transmit power reduction and half duplex operation techniques are firstly not taken into account in the combinations. In addition, defining a new UE category by restricting the maximum TB size for both uplink and downlink (e.g., technique-1 for peak rate reduction) for low-cost MTC seems ineluctable. Hence, peak rate reduction assuming technique-1 is considered as a mandatory technique in combinations with other techniques. 
The combination candidates and the corresponding overall cost savings are summarized in Table 2, in which the basic assumption for each technique refers to Table 1. Each row represents a combination candidate, and the “x” in the table implies that the given technique is adopted by the combination. The last column “amount of spec impact” summarizes the analysis on spec impact in section 3.2.
Table 2: Overall analysis on combinations (cost savings & spec impact)
	Numbering
	Bandwidth reduction 
	Single RF chain
	Peak rate reduction
	Transmission mode reduction
	Overall cost savings
	Amount of spec impact

	C1
	x
	x
	x
	x
	63.1%
	Substantial

	C2
	x
	x
	x
	　
	61.0%
	Substantial

	C3
	　
	x
	x
	x
	51.7%
	Substantial

	C4
	　
	x
	x
	　
	46.9%
	Substantial

	C5
	x
	　
	x
	x
	43.4%
	Moderate

	C6
	x
	　
	x
	　
	39.2%
	Moderate

	C7
	　
	　
	x
	x
	25.5%
	Minimal

	C8
	　
	　
	x
	　
	15.8%
	Minimal


Note:
1) Transmit power reduction has no cost saving overlap with the four other techniques. If it combined with others, it would provide 2%-7% extra cost savings [6]. 

2) Half duplex operation has no cost saving overlap with the four other techniques. If it combined with others, it would provide 4%-8% extra cost savings [7].

3.2 Overall analysis on combinations
3.2.1 Transmit power reduction in combinations

From the agreed text proposal for transmit power reduction [6], it can be concluded that this technique significantly degrades performance and impacts on specification. A reduction in transmit power adversely impacts uplink coverage performance and spectral efficiency. Moreover, the reduction of UE transmit power would require the creation of a single or multiple new UE power class(es) with additional definition of related requirements such as MPR and A-MPR levels, which would have impact on RAN4. Restoring uplink coverage would require analysis and support in RAN1 and RAN2. However, it only provides 2%-7% extra cost savings in the case of retaining the power amplifier while reducing the output power. Therefore, it is not recommended in the combinations based on the overall analysis.
3.2.2 Half duplex operation in combinations

Half duplex operation may result in further specification work, though some support for half duplex operation was introduced in LTE Release 8 [7]. RAN4 specifications will need to be updated to define the switching time for the downlink-to-uplink and uplink-to-downlink transitions, bands in which HD-FDD UEs can operate, and performance requirements for HD-FDD UEs. Moreover, further study is required from RAN1 perspective, which may lead to specification changes, though some issues can be resolved by implementation. With regard to cost savings, there is no overlap between half duplex operation and other techniques, but only 4%-8% extra cost savings can be achieved [7]. 

3.2.3 Single RF chain in combinations

The cost saving of using a single receive RF chain will be achieved in both RF and baseband processing aspects of the UE; however there would be an associated loss in downlink coverage and spectral efficiency [8]. To compensate for downlink coverage loss, RAN1 specification changes may need to be introduced to support a single receive RF chain UE implementation. Specification changes to the random access procedure may also need to be introduced so that on reception of a PRACH the eNB knows whether the UE has a single receive RF chain before sending Messages 2/4. In addition, RAN4 specifications assume a dual receive RF chain UE implementation, therefore using a single receive RF chain UE will require additional work in RAN4 to define corresponding receiver characteristics, performance requirements and requirements relating to the reporting of channel state information. To sum up, substantial impact on specifications is expected if introducing a single RF chain in combinations. 
3.2.4 Bandwidth reduction in combinations

In the agreed TP [4], analysis on three options for bandwidth reduction to downlink is based on the assumption that the frequency location of the reduced bandwidth is fixed at the centre of the carrier bandwidth. Variations of these options could allow the frequency location of the reduced bandwidth to be changed semi-statically, dynamically, or in a pre-defined pattern for each UE. The cost savings and the specification impact are different depending on which option is assumed. 
DL-1 provides the maximum cost savings but introduces some changes to RF part. DL-2 achieves more cost savings than DL-3. With regard to the aspect of impact on specification, one potential solution to avoid any specification impact is to introduce a low bandwidth carrier (same as the bandwidth supported by MTC UEs). To support the MTC UEs with reduced bandwidth in a carrier with larger bandwidth, some specification changes may be expected. For DL-1 and DL-2, new designs for PCFICH/PHICH/PDCCH are needed, but since they are considered by the ePDCCH WI, the workload for specifications on MTC is minimized. Based on the overall analysis above, DL-2 is accordingly assumed in combinations, and may have less impact on specifications when compared to the single RF chain technique. 
3.2.5 Transmission mode reduction in combinations
It can be observed that the transmission mode reduction technique meets the requirements for coverage, power consumption, and cell spectral efficiency from the analysis/evaluation in the TP [9]. Minor specification changes are expected to define the necessary transmission modes for the new UE category in TS 36.306 and modify the IEs UE-EUTRA-Capability and AntennaInfoDedicated in TS 36.331.
From the perspective of cost savings, the single transmission mode reduction technique can achieve 9.7% [9] that has no overlap with peak rate reduction, so it can be observed from Table 2 that C7 can provide 9.7% cost savings over C8. However, transmission mode reduction has cost saving overlap with both bandwidth reduction and single RF chain. In addition, there is also cost saving overlap between any two techniques out of bandwidth reduction, single RF chain, and peak rate reduction. For clear knowledge of cost savings from the transmission mode reduction technique, its contribution to cost savings in combinations is summarized in Table 3, from which it can be observed that transmission mode reduction contributes less to cost savings in C1, C3, and C5 than C7 due to the overlap.  
Table 3: Contribution of transmission mode reduction to cost savings in combinations

	
	Contribution to cost savings

	C7-C8
	9.7%

	C3-C4
	4.8%

	C5-C6
	4.2%

	C1-C2
	2.1%


The analysis above of specification impact in combinations is summarized in the last column of Table 2. 
3.3 Recommendation on combinations

From the overall analysis on combinations, it is observed that C1 (bandwidth reduction + single RF chain + peak rate reduction + transmission mode reduction, where DL-2 is used for bandwidth reduction, and peak rate is reduced to 1Mbps for both downlink and uplink) achieves the maximum cost savings but also causes substantial impact on specifications. However, the impact on specifications can be minimized by relying on ePDCCH in DL-2 for bandwidth reduction because most of work for specifications will be completed in the ePDCCH WI. Furthermore, C8 (peak rate reduction only), which has the minimal impact on specifications, can also be considered, though has the least amount of cost savings among the combinations shown.
In conclusion, we have two recommendations from perspectives of both cost savings and workload for specifications: 
· C1 (bandwidth reduction + single RF chain + peak rate reduction + transmission mode reduction) is recommended from the perspective of the maximum cost savings. 
· C8 (peak rate reduction only) is recommended from the perspective of the least workload for specifications. 

4 Conclusion

In this contribution, overall analysis for combinations from both cost savings and performance perspectives is provided. The recommended combinations are proposed as below:

· C1 (bandwidth reduction + single RF chain + peak rate reduction + transmission mode reduction) is recommended from the perspective of the maximum cost savings. 

· C8 (peak rate reduction only) is recommended from the perspective of the least workload for specifications. 
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