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1 Introduction

The Study Item of Provision of low-end MTC UEs based on LTE was approved in RAN#53 [1]. The UE cost can be affected by multiple aspects, and many companies consider the bandwidth as a significant factor. In this document, we will further discuss the necessity of the bandwidth reduction and try to analyse the impacts of the bandwidth reduction.
2 Necessity of the bandwidth reduction
Because the reception complexity is typically greater than transmission [2], and considering the strong likelihood of heavier uplink MTC traffic [3], whether the bandwidth for uplink should be reduced is FFS. Therefore only bandwidth reduction for downlink will be discussed in this document. The effects of the bandwidth reduction on cost/complexity are listed in Table 1. From Table 1 it can be seen that bandwidth reduction will affect both RF (including ADC/DAC) and baseband aspects, so two different ways forward are considered. In this section we show the general trade-off analysis between the performance and the cost for the two ways forward, and further detailed impacts on specification of each way forward will be discussed in Section 3.
Table 1. The effects of the bandwidth reduction on cost/complexity
	Functions
	The effects of the bandwidth reduction

	· RF aspects:

	RF/IF filters [4]
	Not sensitive to bandwidth

	Low noise amplifier
	Not sensitive to bandwidth

	Duplexer
	Not sensitive to bandwidth

	· ADC/DAC aspects:

	ADC/DAC
	Reduce the complexity significantly

	· Baseband aspects:

	FFT size
	Reduced significantly

	Equalizer dimensioning [5]
	Reduced significantly

	Amount of subframe buffer [6]
	Reduced significantly

	Channel estimation
	Reduces the complexity significantly

	Measurement for CQI report
	Reduces the complexity significantly

	Channel decoding
	The bandwidth reduction will lower the maximum data rate and can reduce the complexity of channel decoding [5]

	HARQ soft buffer
	Potentially reduced based on the same reason above

	PDCCH/PDSCH demodulation
	Potentially reduces the complexity

	PSS/SSS synchronization
	Not sensitive to bandwidth

	Note: In addition to the above impacts, the bandwidth reduction could also potentially reduce the power consumption due to the complexity reduction of ADC/DAC and baseband functions.


· Way forward 1: Reduce the bandwidth for both RF (including ADC/DAC) and baseband
The way forward 1 provides all the benefits listed above and the most cost reduction. The receiving frequency of the narrowband RF is relatively fixed in this option, so that if the PDSCH occurs on RBs outside the centre 6 RBs (as might be desired for MTC capacity or frequency selectivity), the RF will need tuning. Though the reaction time for the RF tuning is typically less than 0.3ms, scheduling PDSCH of different frequency in the next OFDM symbol is difficult. Therefore, for way forward 1, some solutions to avoid the RF tuning delay may need to be considered. Further detailed consideration is shown in Section 3. 
· Way forward 2: Reduce the bandwidth only for baseband
In way forward 2, if the RF is broadband, the ADC/DAC should still support the high sampling rate. However, comparing with the way forward 1, in this option the low cost UE can change the receiving frequency rapidly, and will not be restricted by the RF tuning delay, so that the gain of PDSCH frequency selectivity can be achieved. However, this way forward has lost part of the benefits of bandwidth reduction and lead to a higher UE cost than way forward 1. 
It should be noted that though the way forward 2 will not reduce the cost of ADC/DAC, the benefits of the bandwidth reduction for only baseband will still significantly reduce the complexity/cost of the MTC UE. See Figure 1.
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Figure 1: Baseband processing elapsed time for different bandwidth
In Figure 1, we use the elapsed time [7] of simulation system to roughly estimate the impact of the bandwidth reduction on complexity. The elapsed time is baseband processing time for 4T2R downlink receiving, with the same packet size (1kbits) for each bandwidth. 
Therefore, though which option should be considered as the way forward needs further investigation, at least it can be preliminarily concluded that the bandwidth reduction (for downlink) should be considered as a key method for low cost MTC UEs in this study item. 
Proposal 1: The bandwidth reduction should be considered as a key method for low cost MTC UEs in this study item.
3 Impacts and solutions
In this section, the impacts of the bandwidth reduction are analysed, and the possible solutions are also discussed. Base on the two possible ways forward, the problems introduced by bandwidth reduction can be briefly summarized in Table 2. And for the same reason of Section 2, only downlink aspects are considered in this contribution.
Table 2. The briefly summary of the problems that introduced by the bandwidth reduction
	Problems
	Way forward 1: Reduce the bandwidth for both RF and baseband
	Way forward 2: Reduce the bandwidth only for baseband

	How to coexistent with legacy LTE
	(
	(

	How to receive downlink control channel
	(
	(

	How to send the paging and SIB to narrowband low cost UE
	(
	(

	How to avoid the narrowband RF tuning delay
	(
	


All the problems except the RF tuning delay are common issues for both two ways forward shown in Section 2. Base on these problems, the detailed analysis for the impacts on the specifications is shown in Section 3.1. Especially for the downlink control channel receiving of low cost UE, further impacts on RACH and PBCH are also discussed.
3.1 Analysis
· Coexistence mode
For both of the ways forward discussed in Section 2, the first problem is how to introduce the narrowband UE in LTE. That is to say, the coexistence mode of narrowband system and broadband system should be clarified. Two options about coexistence are:
· 
Allocate a dedicated narrow band for the low cost MTC UEs
· Share current LTE resource with Non-MTC UEs
As mentioned in [8], because the first option requires operators to relocate the frequency resource, it is very difficult. Furthermore, it goes against one of the objectives of the study item which is “Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks.” Therefore, the first option will not be considered in this contribution.
Base on the inappropriateness of the first option, we consider the second option as the guideline for the bandwidth reduction, which will result in the flexible usage of the current resource and may also increase the resource utilization rate. Obviously there is some specification changes will be introduced and detailed analysis of that is given in the following.
Proposal 2: It is proposed that the low cost MTC UEs shall share current LTE resource with Non-MTC UEs.
· Downlink control channel
In the current LTE system, the PDCCH transmission is spread over the whole bandwidth, and a narrowband UE cannot decode it. PHICH and PCFICH will face the same problem. Several potential solutions are discussed below:
· Use CA to split the system bandwidth [9]
· Send a dedicated DCI for narrowband UE on PDSCH, which is similar to the (E)GPRS [5]
· Use ePDCCH
· Introduce the dedicated subframe for low cost UE, e.g. use MBSFN subframe
The CA method has little impact on specification, and can well support the narrowband UE. However, it will affect all the LTE R8/9 UEs and lead to LTE R8/R9 peak data rate reduction because that CA is not supported by R8/9 UE, which goes against the objectives of the SI. All the other options generally seem reasonable, which use either PDSCH resources or dedicated subframe to transmit narrowband PDCCH for low cost UE. These two kinds of solutions can be considered as the way forward for a narrowband PDCCH design though further investigation and comparison are still required. The solutions for PHICH and PCFICH should follow the similar lines of thought.
· RACH
The bandwidth reduction for uplink is not considered in this contribution, but since the RAR (Random Access Response) may be scheduled by narrowband PDCCH for low cost UE, the eNB should know whether the preamble is transmitted by a low cost UE and decide which PDCCH should be used. Therefore some new designs for RACH may be needed to allow the eNB to distinguish the low cost UE. Otherwise the RAR has to be scheduled via both narrowband PDCCH and normal PDCCH, which is very wasteful. Two solutions are: 
· Dedicated preambles for low cost UE
· Dedicated PRACH resource for low cost UE
Allocating dedicated preambles for the low cost UEs will increase the collision probability for both low cost MTC and non-MTC UEs. Dedicated PRACH resource will lead to more resource consumption on the uplink. Which way should be selected still needs further investigation.
· PSS/SSS/PBCH reading
The PSS/SSS/PBCH is transmitted in the central 6 PRBs, and the low cost UE with narrowband can receive the information, so that this topic does not seem to be an issue for bandwidth reduction. However it should be noted that the narrowband PDCCH for the low cost UE has to be introduced due to the bandwidth reduction but the low cost UE needs some necessary information to monitor the narrowband PDCCH, e.g. frequency location. This location may be fixed in the specification, but a fixed location it is not very flexible. Further when considering ICIC, the frequency location of the narrowband PDCCH may be probably cell specific. 
Therefore, since the PBCH may be the only channel for low cost UEs to obtain the necessary information of the narrowband PDCCH and PHICH, some extensions may be introduced.
· Paging and SIB
Although the SIB and most of the paging messages are common for all UEs, in order to support low cost UEs, the eNB has to schedule these messages within narrowband. This scheduling may affect the receiving performance of the UEs in cell edge. Furthermore, considering the applications of the low cost UEs, some information in current SIBs may be unnecessary, and further optimizing may be introduced. Therefore, the paging and SIB for low cost UE should be fully considered, though it may be out of the RAN1 scope. Some possible solutions listed below may affect RAN1 specifications.
· Introduce segmentation for current Paging/SIB messages
· Introduce dedicated paging/SIB messages for low cost UEs, which are scheduled via narrowband PDCCH.
· Introduce dedicated paging/SIB messages for low cost UEs, which are based on persistent scheduling, similar to the SIBs in UMTS.
If the low cost UE needs more information from the current SIBs, the first option is preferred, but this scheme will restrict the configuration of SI-window, and may affect the normal UEs. If the SIBs for low cost UE are quite different from the current SIBs, then the second and third options are appropriate. In addition, the third option can minimize the usage of the PDCCH.
· Scheduling
In Section 2, two different ways forward of bandwidth reduction are shown. For the way forward 1, considering the RF tuning delay, the scheduling scheme needs to be considered. The straightforward way is to restrict the PDCCH/PHICH/PCFICH and the PDSCH transmission in the same narrowband (maybe 1.4MHz). As a result, the RF does not need to tune the receiving frequency, and the narrowband DCI may also be optimized. However, the benefits of frequency selectivity may be lost. 
If the frequency locations of these channels are flexible, one subframe delay could be inserted between the narrowband PDCCH and the corresponding PDSCH in order to avoid the RF tuning delay. In this case, the downlink HARQ feedback procedure would need to be modified for low cost UEs, and the scheduling algorithm will also need to be updated, which has to support both normal UE and low cost UEs.
3.2 Summary
In this section, we have analysed the problems and the specification impacts of the downlink bandwidth reduction, potential solutions are also discussed, which are summarised in Table 3:
Table 3. The summary of the specification impacts of the bandwidth reduction and potential solutions
	Impacts:
	Potential solutions:

	Coexistence mode
	Share current LTE resource with Non-MTC UEs.

	Downlink control channel
	· Use CA to split the system bandwidth [9]
· Send the dedicated DCI for narrowband UE on PDSCH
· Use ePDCCH
· Introduce the dedicated subframe for low cost UE, e.g. use MBSFN subframe

	RACH
	· Dedicated preambles for low cost UEs
· Dedicated PRACH resources for low cost UEs

	PSS/SSS/PBCH reading
	The PBCH should be extended to carry the necessary information of the narrowband PDCCH and PHICH.

	Paging and SIB
	· Introduce segmentation for paging/SIB messages
· Introduce dedicated paging/SIB messages for low cost UEs, which are sent via narrowband PDCCH
· Introduce dedicated paging/SIB messages for low cost UE, which are based on the persistent scheduling, similar to the SIBs in UMTS

	Scheduling (For narrowband RF)
	· Restrict the PDCCH/PHICH/PCFICH and the PDSCH transmission in the same narrowband.
· Insert one subframe delay between the narrowband PDCCH and the corresponding PDSCH.


Base on the analysis of this section, we propose that:
Proposal 3: If the proposal 1&2 are agreed, it is further proposed to consider the following issues of the bandwidth reduction for low cost UE.
· How to introduce the narrowband downlink control channel
· How to send the paging and SIB to narrowband low cost UE
4 Conclusion

In this contribution, we further discuss the necessity of the bandwidth reduction and propose that:
Proposal 1: The bandwidth reduction should be considered as a key method for low cost MTC UEs in this study item.
Proposal 2: It is proposed that the low cost MTC UEs shall share current broadband LTE resources with Non-MTC UE.
Proposal 3: If the proposal 1&2 are agreed, it is further proposed to consider the following issues of the bandwidth reduction for low cost UE.
· How to introduce the narrowband downlink control channel
· How to send the paging and SIB to narrowband low cost UEs
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