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1 Introduction

At the RAN #60 meeting, the work item of “Low cost & enhanced coverage MTC UE for LTE” was approved in [1], and the capability of bandwidth reduction for a specified new UE category/type was captured as follows:
“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.
NOTE:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work. ”
This contribution analyzes the potential issues arising from the capability of bandwidth reduction, and discusses some possible solutions. The use of delay-tolerance, which was considered more in the coverage enhancement phase of the SI than in the cost reduction phase, is discussed for bandwidth reduction. Finally, several proposals are presented to help converge on the discussion of bandwidth reduction.
2 Potential issues and solutions of DL bandwidth reduction
2.1 Frequency location of reduced DL bandwidth
In TR 36.888 [2], cost reduction evaluation related to different DL bandwidth reduction options for low-cost MTC UEs was based on the fixed frequency location of the reduced bandwidth (narrowband) at the carrier center. However, some interesting variations could allow the frequency location of the reduced bandwidth to be changed semi-statically, dynamically, or in a pre-defined pattern for each UE, and could potentially allow more MTC UEs to be supported in the system [2]. The cost and performance aspects of these variants were not fully analyzed in the TR 36.888 [2]; in particular the property of delay tolerance was not considered for the dynamic variation. 
The alternatives for frequency location of reduced DL bandwidth of fixed, semi-static, dynamic, or in a pre-defined pattern are analyzed below.
Alternative 1: Fix the frequency location of reduced DL bandwidth
For this alternative, the frequency location of reduced DL bandwidth for an MTC UE is fixed, and different MTC UEs could have the same or diverse frequency locations.

As the frequency location of the reduced bandwidth is fixed at the center of the carrier bandwidth, the number of supportable MTC UEs would be limited. To support more MTC UEs, the system can designate various fixed frequency locations to different MTC UEs. 
For alternative 1, in view of the frequency location is fixed for an MTC UE:

· The eNB could not flexibly adjust the number of configurable reduced DL bandwidth to adapt the variation of traffic load or the number of active MTC UEs.
· The data transmission could not counter deep fade.
· This alternative may introduce certain scheduling limitation for non-MTC UEs (e.g., contiguous resource allocation is more difficult)

However, provided the resource allocation for data transmission is based on control channel, the number of bits for resource allocation decrease since the resource allocation can be operated on the fixed reduced DL bandwidth.

Alternative 2: Semi-statically configure the frequency location of reduced DL bandwidth
For alternative 2, the eNB can semi-statically configure or update the frequency location of reduced DL bandwidth, e.g., by RRC dedicated signaling, to an MTC UE so as to support more MTC UEs and provide some flexibility on narrowband configuration. After the MTC UE knows the frequency location of reduced DL bandwidth, it only needs to buffer and process data on that reduced DL bandwidth for cost saving.
For alternative 2, as the frequency location of reduced DL bandwidth can be semi-statically changed,
· The data transmission for an MTC UE could counter severe deep fade
· The eNB could adjust the number of configurable reduced DL bandwidth according to the variation of traffic load or the number of active MTC UEs.
· This alternative could relieve scheduling limitation for non-MTC UEs (e.g., by semi-statically changing the frequency location for MTC UEs, the resource allocation for non-MTC UEs can be contiguous as much as possible)
Similar to alternative 1, the number of bits for resource allocation by control channel can decrease for alternative 2, since the resource allocation can be operated on the known reduced DL bandwidth.
However, for this alternative, an MTC UE would need to know a frequency location of reduced DL bandwidth at the initial access process to establish RRC connection or to obtain semi-static configuration of the frequency location.

Alternative 3: Dynamically configure the frequency location of reduced DL bandwidth
For this alternative, the frequency location can be dynamically indicated as legacy UEs by control channel. However, as delay tolerance is a typical feature of MTC UE’s traffic application, alternative 3 can naturally exploit delay tolerance to keep the same cost reduction as given in TR 36.888 [2]. For example, an MTC UE could firstly detect the control channel. After the control channel is successfully decoded, it can acquire the frequency location of reduced DL bandwidth. Then, the MTC UE will buffer and process data on the reduced DL bandwidth.
Although the control channel and its scheduled data would be separately transmitted in different subframes to maintain the same cost reduction, the specification impact would be minimal to consider the necessity and flexibility of multiple subframe transmission under the coverage enhancement case. 

Alternative 3 can provide maximum flexibility on eNB’s resource allocation to adapt the variation of traffic load or the number of active MTC UEs, and eliminate scheduling limitation for non-MTC UEs. Furthermore, alternative 3 can reuse the current DCI formats to minimize the divergence with non-MTC UE as well as other delay tolerant MTC UEs (i.e., UEs operating delay tolerant MTC applications with respect to their respective nominal coverage). 
With the assumption of full buffer traffic model, available subband CQI feedback and non-scheduling limitation, alternative 3 can avoid DL spectral efficiency degradation (as described in TR 36.888, about 10% DL spectral efficiency degradation when the bandwidth is reduced from 20 MHz to 3 MHz) due to the FSS loss of data scheduled within a fixed reduced bandwidth. 
For alternative 3, if the timing between control channel and data channel is kept as the legacy LTE UEs, the cost saving would decrease to the same as the technique of restricting the number of PRBs for reduced peak rate in TR 36.888 [2].
Observation: Transmitting control channel and its scheduled data within separate subframes can maintain the same cost savings as evaluated in the SI.
Alternative 4: Configure the frequency location of reduced DL bandwidth via pre-defined pattern

A pre-defined pattern can be configured by eNB to indicate the frequency location of reduced bandwidth for an MTC UE. The pre-defined pattern can be configured via RRC signaling. 
For alternative 4, the frequency location of reduced DL bandwidth can hop to counter an MTC UE experiencing severe deep fade based on a pre-defined pattern. 
Although the number and structure of pre-defined patterns can be updated to adapt the variation of traffic load or the number of active MTC UEs, the flexibility would be restricted due to the eNB has to preserve the frequency location according to the pre-defined pattern. 
Alternative 4 would also introduce scheduling limitation on the resource allocation of legacy UEs, and avoiding the patterns collision of different MTC UEs with different coverage improvements would increase the complexity of eNB’s scheduling mechanism.
Additionally, considering small data transmission of MTC UE and large proportional MTC UEs without coverage improvement, the data transmission may not last for a long time for most of MTC UEs, and the pattern may not be beneficial to most of transmissions.

The specification impacts may be large for alternative 4, as the number and structure of pre-defined patterns should be defined. 
The Table below summarizes the analysis of these four alternatives. Given the benefits and drawbacks listed in the Table 1, we propose to focus standardization efforts on the frequency location of reduced DL bandwidth for an MTC UE by semi-static or dynamic manners.
Table 1: Analysis of different alternatives

	
	Alternative 1 (fixed)
	Alternative 2 (Semi-static)
	Alternative 3 (Dynamic)
	Alternative 4 (Pre-defined pattern)

	Counter deep fade
	None
	Moderate
	High
	Moderate

	Flexible configuration of frequency location
	None
	Moderate
	High
	Low

	Scheduling flexibility to non-MTC UEs
	Low
	Moderate
	High
	Low

	DCI size
	Compact
	Compact
	Normal
	Compact

	FSS gain
	None
	Depend on CSI feedback and traffic model
	Depend on CSI feedback and traffic model
	None

	Cost reduction
	Same
	Same
	Same with timing change

Decrease without timing change
	Same

	Spec impact
	Low
	Low
	Low (considering coverage enhancement impacts)
	High


Proposal 1: Focus the standardization efforts of the frequency location of reduced DL bandwidth for an MTC UE by semi-static or dynamic manners.
2.2 HARQ and CRS
Considering the features of small data transmission and delay tolerance for MTC UE’s traffic application, the number of HARQ processes can be reduced to obtain further cost saving (about 2~3% overall cost saving) as part of  bandwidth reduction. Correspondingly, the UE’s capability concerning to the reduction of HARQ processes number should be defined in TS 36.306 [3].
Moreover, if the control channel and its scheduled data are transmitted within separate subframes as in alternative 3 fewer HARQ process are likely to be used, and it is natural (though not required) to consider reducing the number of HARQ processes. 
Proposal 2: The number of DL HARQ process can be reduced to obtain further cost saving.
When PDCCH is used for scheduling, the control channel and its scheduling data can be transmitted within separate subframes. Although wideband CRS would slightly decrease the cost saving compared to that of narrowband CRS, channel estimation based on wideband CRS across multiple OFDM symbols would be beneficial to the performance of PDCCH decoding, as stated “the coverage may be affected if CRS is processed within narrower bandwidth in PDSCH region which results in larger channel estimation error” in TR 36.888 [2].
Proposal 3: When PDCCH is used for scheduling, channel estimation should be performed based on the CRS within the entire bandwidth.
2.3 Common messages (SIB, RAR, Paging)

Considering the maximum data processing bandwidth for MTC UEs is only 6 PRB, when normal UE and low cost MTC UE share the same carrier and the same SIB contents, the SIB transmission will have to be scheduled within 6 PRBs, which would affect the performance of normal UE’s SIB detection somehow. It is better to minimize the performance impact to normal UEs as much as possible, which could be implemented, for example, by restricting the SIB scheduled within 6 PRBs transmitted within pre-defined subframes. It could be similarly applicable to RAR/Paging transmissions, when RAR/Paging for MTC UEs is transmitted together with that of normal UEs in the same message. 
In addition, it is worth considering the SIB/RAR/Paging transmission mechanisms in the case of no PDCCH scheduling, in order to better serve MTC UEs that need extreme coverage enhancement, as discussed in [4].
RAN2 should be informed that SIB/RAR/Paging transmission for bandwidth reduction should be scheduled to at most 6 PRBs for low-cost MTC UEs, for example, which could possibly be restricted within pre-defined subframes. In addition, RAN1 is considering some resource scheduling restriction (e.g., no PDCCH scheduling) on SIB/RAR/Paging to facilitate coverage enhancement.

Proposal 4: RAN2 should be informed that SIB/RAR/Paging transmission should be restricted to at most 6 PRBs for low-cost MTC UEs, which could possibly be restricted within pre-defined resources.
3 Conclusions
In this contribution, the potential issues arising from the capability of bandwidth reduction are discussed, and the following proposals are presented to help converge on the discussion of bandwidth reduction:
Proposal 1: Focus the standardization efforts of the frequency location of reduced DL bandwidth for an MTC UE by semi-static or dynamic manners.

Proposal 2: The number of DL HARQ process can be reduced to obtain further cost saving.

Proposal 3: When PDCCH is used for scheduling, channel estimation should be performed based on the CRS within the entire bandwidth.
Proposal 4: RAN2 should be informed that SIB/RAR/Paging transmission should be restricted to at most 6 PRBs for low-cost MTC UEs, which could possibly be restricted within pre-defined resources.
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