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1 Introduction

Coverage is an important aspect for low cost MTC UE, and the updated SID [1] agreed at the RAN#57 plenary meeting in particular addressed a 20dB improvement in coverage in comparison to the LTE cell coverage footprint engineered for “normal LTE UEs”. However, the original target of this SI of providing low cost for MTC UE should also be considered. Therefore, when considering techniques for 20dB improvement in coverage, the cost savings obtained from low-cost MTC techniques identified in the TR 36.888 [2] should be kept as much as possible, as well as minimizing the impact to the system spectral efficiency.
This contribution provides further considerations on the reduction of the maximum bandwidth in order to pursue further advantages from bandwidth reduction for low-cost MTC, such as additional cost savings or better coverage footprint or less spectral efficiency impact. 
2 Bandwidth reduction in TR 36.888
The discussion in Section 6.2 of the TR 36.888 was restricted to three DL options and two UL options as below:
· DL

· 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 full carrier bandwidth.
· UL

· Option UL-1: Reduced bandwidth for both RF and baseband;
· Option UL-2: No bandwidth reduction;
· This option does not have any impact on coverage, power consumption, specifications, performance, and UE cost.
For all these options, the reduced bandwidth was assumed to be no less than 1.4MHz, and the frequency location of the reduced bandwidth was assumed to be fixed at the center of the carrier bandwidth, which obviously causes many drawbacks for DL options, such as
1) Limited multiplexing capacity in terms of the number of MTC UEs that can be supported, especially in the subframes where PSS/SSS and PBCH are transmitted. 
2) Reduced PDSCH coverage due to the loss in frequency selective scheduling (FSS) gain. 

3) Potentially reduced coverage of control channels for options DL-1 and DL-2 due to the loss in frequency diversity. For DL-3, coverage can be also affected due to channel estimation inaccuracy if only CRS REs are used in legacy control channel region. 
Cost savings for three DL options are summarized in Table 1 from TR 36.888:

Table 1: cost savings for three DL options

	Option
Average cost saving
	DL-1 
	DL-2 
	DL-3 

	Mean
	~39%
	~28%
	~19%


DL-1 provides additional cost savings from RF relative to DL-2 and DL-3, and DL-2 provides more cost savings compared to DL-3 due to using EPDCCH instead of PDCCH. 
FSS gain will benefit both PDSCH coverage and system spectral efficiency improvements. It will be meaningful for MTC to keep substantially lower cost as well as obtaining FSS gain. However, it is very difficult to get FSS gain when the reduced bandwidth is fixed.
The TR 36.888 leaves open the possibility to consider variations of the aforementioned options, and mentioned some of variations could enable more MTC UEs to be supported in the system by, for instance, allowing the frequency location of the reduced bandwidth to be modified in one of the following ways: 
a) Semi-statically
Changing the frequency location semi-statically yields rather limited FSS gain because the frequency location of the reduced bandwidth may not change after configured, and a UE can only be scheduled in the reduced bandwidth, especially when the maximum bandwidth is reduced to the smallest size of 1.4MHz. From the cost aspect, the cost savings of this option are expected to be the same as the case when the frequency location is fixed.
b) Dynamically
An extension of DL-3 was taken as an example in the TR, which is a variation that the frequency location of the reduced bandwidth can be changed dynamically using the DL assignment transmitted in the legacy PDCCH. In a way similar to the techniques used for reduced peak rate, the DL assignment would be used for indicating PRBs usable by the MTC UEs with the maximum number restriction. As a result, FSS gain could be achieved by the scheduling information.

However, MTC UEs only know the maximum number of PRBs allowed to be scheduled, but have no knowledge of the location of these PRBs. Therefore, MTC UEs have to buffer all the PRBs (the entire carrier bandwidth) before obtaining the scheduling information by decoding PDCCH, which would reduce the cost savings of the buffering operation compared to DL-3.
c) With a pre-defined pattern for each UE
When the frequency location is changed with a pre-defined pattern, the same cost savings as the fixed location case are expected, but FSS gain is also limited because it is difficult to determine a pattern that predicts the changes in the channel. 
The TR does not prohibit other variations, but these were the ones explicitly listed. Based on the analysis above, observation 1 could be derived as below:

Observation 1: It is difficult for each option/variation of bandwidth reduction for low cost MTC explicitly listed in the current TR to simultaneously achieve both FSS gain and substantially lower cost. 
3 Further considerations on bandwidth reduction
Within the scope of the current TR but outside the explicitly listed variations is to allow control channels and data channels to be time division multiplexed (TDM) for each MTC UE, which is depicted in Fig. 1. (E)PDCCH in subframe n is used to schedule data in the subframe with a delay relative to subframe n, say subframe n+2 as shown in Fig. 1. 
Such consideration is based on the analysis of all options and variations of bandwidth reduction explicitly listed in the current TR and the summary that FSS gain may be obtained by the DL assignment and cost savings of buffering could be abstracted if the scheduling information is known before buffering PDSCH. This implies that time should be reserved for decoding control channels before receiving PDSCH in order to get FSS gain and cost savings from buffering operation. Also, such consideration is within the spirit of using extra latency as in the updated SID.
Specifications on EPDCCH are being finalized in Release 11, in which up to two sets of PRB pairs per UE are configured by RRC signalling for potential EPDCCH transmission. If using EPDCCH specification in Release 11, PDSCH should be delayed some subframes relative to EPDCCH that schedules the PDSCH. If PDCCH is used to transmit the scheduling information, delay between PDSCH and PDCCH may be also needed. The delay is intended to be reserved for decoding (E)PDCCH.
After obtaining the scheduling information, UE only needs to buffer the PRBs where data is transmitted according to the DL assignment. Buffering cost is reduced accordingly to the similar as the case of the fixed location of the reduced bandwidth (DL-1 or DL-2 if EPDCCH is used, DL-3 if PDCCH is used), and FSS gain is obtained by the scheduling information. 
Meanwhile, the capacity of EPDCCH (if EPDCCH is used) and data is increased as the entire reduced bandwidth is either used for EPDCCH or PDSCH for MTC. 
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Fig. 1: Control and data channels are TDM for each MTC UE
From the further considerations on variations of bandwidth reduction, it is observed that it is possible to obtain FSS gain and keep substantially lower cost, so we can derive observations as:
Observation 2: It is possible to provide low cost MTC with FSS gain (or PDSCH coverage improvement or less impact on spectral efficiency by MTC) when the (E)PDCCH does not occur in the same subframe as the PDSCH.

Observation 3: In the work item phase, delay between (E)PDCCH and PDSCH should be discussed when reconsidering bandwidth reduction options/variations.
4 Conclusion
In this contribution, we reviewed all options and variations of bandwidth reduction for low cost MTC explicitly listed in the TR 36.888, and then provided further considerations on the variations reserving delay between (E)PDCCH and PDSCH to get both FSS gain and lower cost within the spirit of using extra latency as in the updated SID, which lead to the following observations:

Observation 1: It is difficult for each option/variation of bandwidth reduction for low cost MTC explicitly listed in the current TR to simultaneously achieve both FSS gain and substantially lower cost. 

Observation 2: It is possible to provide low cost MTC with FSS gain (or PDSCH coverage improvement or less impact on spectral efficiency by MTC) when the (E)PDCCH does not occur in the same subframe as the PDSCH.

Observation 3: In the work item phase, delay between (E)PDCCH and PDSCH should be discussed when reconsidering bandwidth reduction options/variations.
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