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1. Introduction
The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1] following the completion of the study item. According to the WID, reduction of maximum downlink bandwidth that the UE supports from 20MHz to 1.4MHz is one of the capabilites that needs to be specified for the new UE category/type for MTC operation in all LTE duplex modes.

· 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.

In this contribution, we give our considerations on downlink bandwidth reduction, especially on resource allocation details for initial and subsequent access for bandwidth reduction.  
2. Discussion
According to the WID, the downlink channel bandwidth for data channel in baseband is reduced to 1.4MHz, i.e. maximum 6 PRB pairs can be assigned for downlink in each TTI. However, it is unclear if the 6 PRB pairs in one TTI have to be contiguous. It is our understanding that the UE cost is the same for both contiguous and non-contiguous resource allocation.
The evaluation results of PDSCH performance with contiguous and non-contiguous resource allocation are provided in Figure 1. Simulation assumptions are given in Table 2 in Appendix. For non-contiguous PDSCH resource allocation, the 6 PRB pairs are uniformly distributed in the 10MHz bandwidth. It is observed that about 0.7dB gain can be obtained for the non-contiguous resource allocation. Therefore, it is preferred that 6 PRB pairs are not restricted to be contiguous.
Proposal 1: 1.4MHz data channel bandwidth comprises 6 PRB pairs which are not restricted to be contiguous.
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Figure 1: Performance of PDSCH with different resource allocation types
For bandwidth reduction, one of the most important issues is how to determine the frequency location of the reduced bandwidth of 1.4MHz. According to the study during the SI phase, there are basically four options. And the dynamic solution can be further divided into two options according to the timing relationship between (E)PDCCH and PDSCH. 
· Fixed: frequency location to be fixed within the carrier bandwidth

· Semi-static: frequency location to be signalled via higher layer signalling

· Dynamic: frequency location to be informed via DCI

· Dynamic_option 1: (E)PDCCH and PDSCH are transmitted in the same subframes
· Dynamic_option 2: (E)PDCCH is transmitted before PDSCH
· Pre-defined: frequency location to be changed in a pre-defined pattern

We compare these five options in terms of cost, scheduling flexibility, performance and specification impact as follows.

· Cost

Different frequency location determination options may only impact cost savings from post-FFT data buffering. As long as the UE knows the frequency location prior to receiving data channel, 74% cost savings from post-FFT data buffering, i.e. a total of 4.4-6.7% UE cost can be achieved. 

For the five options except the Dynamic_option 1, UE knows the frequency location in advance. For the Dynamic_option 1, UE has to buffer post-FFT data throughout the entire carrier bandwidth since PDCCH and PDSCH are transmitted in the same subframe according to current timing relationship.

· Scheduling flexibility

It is obvious that the scheduling flexibility is worst if the frequency location is fixed. In addition, all the low cost MTC UEs are scheduled in the same frequency location may cause capacity issue considering large number of MTC UEs.

Semi-static option enables better scheduling flexibility than pre-defined option. To change the frequency location dynamically achieves the best scheduling flexiblity. 

· Performance

The performance of PDSCH is expected to degrade due to the loss in frequency selective scheduling gain if the frequency location is fixed, changed semi-statically or in a pre-defined pattern. The performance of PDSCH will not be affected if the frequency location is changed dynamically. However, for Dynamic_option 2,  the scheduling complexity will increase due to the introduction  of new timing relationship.
If the frequency location is changed semi-statically or in a pre-defined pattern, SIB and paging may need to be duplicated in different frequency locations for all the MTC UEs which degrades cell spectral efficiency. 

· Specification impact

Minimal specification impact is expected if the frequency location is fixed or changed dynamically like Dynamic_option 1. Additional specification impact, e.g. definition of frequency location pattern is expected if the frequency location is changed in a pre-defined pattern. If the frequency location is changed semi-statically, higher layer signalling needs to be introduced to inform UE frequency location. For Dynamic_option 2, the new timing relationship between (E)PDCCH and PDSCH should be introduced.
The comparisons of frequency location determination options are summarized in Table 1. 
Table 1: Comparison of frequency allocation options
	
	Fixed
	Semi-static
	Dynamic
	Pre-defined

	
	
	
	Dynamic_option 1
	Dynamic_option 2
	

	Cost
	Low
	Low
	Medium
	Low
	Low

	Scheduling flexibility
	Low
	Medium
	High
	High
	Medium

	Performance
	Worse
	Worse
	Better
	Better
	Worse

	Specification impact
	Small
	Medium
	Small
	Large
	Medium


We prefer the dynamic option without changing timing relationship (i.e. Dynamic_option 1) in terms of scheduling flexibility, performance and specification impact given that the cost saving is acceptable. Otherwise, pre-defined option can be considered for the initial access while semi-static option is applied for the subsequent transmission.

Proposal 2: PDSCH frequency location is dynamically determined according to the current timing relationship given that the cost saving is acceptable. Otherwise, PDSCH frequency location is pre-defined for the initial access while semi-static for subsequent transmission.

3. Conclusion
In this contribution, we analyze the details of resource allocation for initial access and subsequent transmission for downlink bandwidth reduction and we propose:
Proposal 1: 1.4MHz data channel bandwidth comprises 6 PRB pairs which are not restricted to be contiguous.
Proposal 2: PDSCH frequency location is dynamically determined according to the current timing relationship given that the cost saving is acceptable. Otherwise, PDSCH frequency location is pre-defined for the initial access while semi-static for subsequent transmission.
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Appendix
Table 2． Simulation assumptions on PDSCH

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	8x2, low correlation for TDD

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0

	Number of DL RBs
	6 

	Transmission mode
	TM2

	Frequency tracking error
	100Hz 

	Performance target
	10% iBLER
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