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1 Introduction

During the SI phase [1] of low cost MTC, the cost reduction techniques have been studied and peak rate reduction with TBS restricted to 1000 bits and bandwidth reduction with transmission bandwidth reduced to 1.4 MHz was recommended as cost reduction techniques for low cost MTC UE. As a result, after the WI of low cost MTC was approved [2], the issue of reduced bandwidth allocation (i.e. PDSCH frequency allocation) has been discussed in RAN1#74, and it was concluded to study further the methods for PDSCH frequency allocation. The decision was as follows:

Conclusion from RAN1#74:

· PDSCH frequency allocation method for further study until the next meeting:

· Pre-defined or fixed manner or dynamic-manner for initial access

· Semi-static or dynamic manner for others

In this contribution, we discuss the PDSCH frequency allocation methods for reduced bandwidth and then provide some proposals.

2 Discussion of PDSCH frequency allocation methods
For low cost MTC [2], the control channel may spread across the system bandwidth, but, the PDSCH is likely to be confined into 1.4MHz bandwidth in the baseband. In this case, if the system bandwidth is greater than 1.4MHz, UE needs to know the location of reduced PDSCH bandwidth. As discussed in the last meeting [3], some of the PDSCH frequency allocation methods are as follows:
· Predefined or Fixed PDSCH allocation: 
· Predefined manner: The PDSCH frequency allocation is defined in a specific way, for example available 6 RBs are hopped between predefined PDSCH frequency regions.
· Fixed manner: The PDSCH frequency allocation is fixed in the centre 6 RBs for all MTC UEs regardless of the system bandwidth. 

· Semi-static PDSCH allocation: The PDSCH frequency allocation is semi-statically configured for each UE, for example via RRC signalling.

· Dynamic PDSCH allocation: The PDSCH frequency allocation is dynamically allocated for each UE based on DCI. 
For the initial access (i.e. Idle mode UE), UE will always receive synchronisation signal and MIB in the centre 6RBs of the system bandwidth at first. Next UE receives SIB and initiates Random Access procedure. In this initial access, PDSCH carries SIB, PCH, Random Access Response (i.e. RA message 2) and Contention Resolution (i.e. RA message 4). Therefore, UE has to know which method of PDSCH frequency allocation would be used for the initial access.
If Predefined or Fixed PDSCH Frequency location is utilised, the disadvantage is that there would be eNB scheduling restriction for the legacy UEs by transmitting common information of SIB, PCH and RAR message 2/4 in the reduced bandwidth.
If dynamic PDSCH Frequency location is applied, there will be eNB scheduling flexibility, but, it would need that UE to buffer the entire system bandwidth which will impact UE’s cost savings. One solution to avoid buffering of the entire system bandwidth is to transmit PDCCH in advance before receiving PDSCH so that MTC UE can buffer only the reduced bandwidth that is indicated in the DCI format. The drawback of this solution is the impact on eNB scheduling operation as well as different timing for PDCCHs intended for legacy UEs and MTC UEs. Another solution could be to design separate transmission of SIB, PCH and RAR message 2/4 for the MTC UEs. But, this would introduce additional signalling overhead into the system unless there is a reasonable justification.
From this discussion, we think Predefined or Fixed PDSCH Frequency location has least specification and system impacts.
Proposal 1: Consider Predefined or Fixed PDSCH Frequency location for the initial access.

In the connected mode (e.g. SIB update), for PDSCH carrying PCH and SIB, they are common information for all MTC UE in the cell.  Table 2 below provides the pros and cons of PDSCH frequency allocation methods for SIB and PCH.
Table 2. Pros and Cons of PDSCH frequency allocation methods for SIB and PCH in connected mode:
	Method
	Pros
	Cons

	Fixed PDSCH allocation
	-Less signalling overhead due to common signalling
	-Frequency domain ICIC is not achievable. 

	Predefined PDSCH allocation
	-Less signalling overhead due to common signalling

-Frequency domain ICIC is achievable.
	

	Semi-static PDSCH allocation
	-Frequency domain ICIC is achievable.
	-Increased signalling overhead due to dedicated signalling for each UE. 

	Dynamic PDSCH allocation
	-Frequency domain ICIC is not achievable.
-Less signalling overhead due to common signalling
	-UE has to buffer the whole system BW or

- Two PDCCHs 
-Impacts on the eNB scheduling operation



Proposal 2: For connected mode, consider Predefined or Fixed PDSCH Frequency location for PDSCH carrying SIB and PCH.
For normal PDSCH transmission (i.e. user data) in the connected mode, it is UE specific information for each MTC UE and all methods listed above are applicable in principle, but, some of the differentiating factors are system capacity, frequency domain ICIC, frequency diversity and frequency selective transmissions. The pros and cons of each method are listed in Table 3 below. Dynamic PDSCH allocation may achieve all of these factors, but, the disadvantage is that UE has to buffer the whole system bandwidth. As discussed earlier for Dynamic PDSCH frequency allocation method, there are some solutions that can be applied, but, each solution presents some new problems. Furthermore, it can be seen from the table that semi-static PDSCH allocation including hopping achieves most of the above factors. Therefore, for low cost MTC UEs, semi-static PDSCH frequency allocations should be considered. 
Table 3. Pros and Cons of PDSCH frequency allocation methods for Normal PDSCH:
	Method
	Pros
	Cons

	Fixed PDSCH allocation
	
	-Frequency domain ICIC is not achievable.
-Limited Frequency diversity 
-No Frequency selective gain
-System Capacity of MTC is limited.

	Predefined PDSCH allocation
	-Frequency domain ICIC is achievable by configuring multiple regions of PDSCH frequency allocations.

-System Capacity of MTC is increased if multiple regions are configured in the system.
-Frequency diversity gain is achievable by configuring frequency hopping between multiple PDSCH regions for a given UE.
	-Limited or no Frequency selective gain

	Semi-static PDSCH allocation
	-Frequency domain ICIC is achievable.
-System Capacity of MTC can be increased if multiple regions are configured in the system.
-Frequency selective is achievable if multiple regions are configured in the system.
-Frequency diversity is achievable by configuring frequency hopping between multiple PDSCH regions for a given UE.
	

	Dynamic PDSCH allocation
	-Frequency domain ICIC is achievable.

-System Capacity of MTC can be increased. 

-Frequency selective is achievable 
-Frequency diversity may be achievable
	-UE has to buffer the whole system BW or.
- New timing between PDCCH and PDSCH 
-Impacts on the eNB scheduling operation for cross-subframe scheduling.


Proposal 3: For connected mode, consider Semi-static PDSCH Frequency location for normal PDSCH transmission for low cost MTC UEs.
Conclusion

In this contribution, we have discussed the PDSCH frequency allocation methods for low cost MTC and we have the following proposals.

Proposal 1: For Idle mode, consider Predefined or Fixed PDSCH Frequency location for the initial access.
Proposal 2: For connected mode (e.g. SIB update), consider Predefined or Fixed PDSCH Frequency location for PDSCH carrying SIB and PCH.
Proposal 3: For connected mode, consider Semi-static PDSCH Frequency location for normal PDSCH transmission for low cost MTC UEs.
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