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Introduction
In RAN1#82, the definition of narrowbands for downlink and uplink system bandwidths has been discussed and agreed. Further, it was agreed that the resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband, and to study further the detailed RA until RAN1#82Bis. The agreements are captured below:
Agreement at RAN1#82:
Agreement:
· All narrowbands are of a size of 6 PRBs
· Total number of DL narrowbands in the system bandwidth is fixed at                
· Total number of UL narrowbands in the system bandwidth is fixed at 
Agreement:
· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW
· The narrowbands are numbered in order of increasing PRB number

Agreement:
· The resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband 
· Study further the overhead, scheduling flexibility and any other aspects of the detailed RA until RAN1#82Bis


In this contribution, we discuss the resource allocation schemes for PDSCH and PUSCH in terms of overhead, scheduling flexibility and any other aspects for the following cases:
· Normal and small coverage
· Medium and large coverage 

Resource allocation schemes for normal and small coverage
In the last meeting, it was agreed that the resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband. The terminology of small coverage has not been defined yet, but, we assume here that it means to compensate the coverage loss for Rel-13 MTC UEs due to single Rx antenna compared to legacy 2Rx UEs.
[bookmark: _GoBack]Regarding the resource allocation for normal and small coverage, we assume that the channel state information (CSI) is available at the scheduler and it can dynamically choose the link adaptation parameters, such as MCS/TBS, narrowband index and number of RB resources from one to maximum of 6RBs.
Based on the above assumption of having CSI information at the scheduler, the main criteria of making a choice for a resource allocation scheme should be based on eNB scheduling flexibility (i.e. ability to schedule one or more RBs in any narrowband of the system bandwidth) and overhead reduction as much as possible. If we try to reduce the overhead significantly such as enumerating a few possible cases (e.g. 2, 3 and 6), the scheduling flexibility will be lost meaning that it will be difficult to fill 1RB holes or the scheduler would have to assign to the UE more than it actually needs which leads to not using the valuable resources more efficiently. In principle, for normal and small coverage, we should aim a design which is similar or very close to that of legacy LTE UEs’ resource allocation schemes in terms of scheduling flexibility and overhead reduction. 
Considering the above criteria, we discuss a few possible options of the resource allocation schemes for Rel-13 MTC as follows:


Option 1: Separate narrowband index and bit-map RA - In this option, the resource allocation field has two parts of separate narrowband index and the actual resource block assignment of up to 6RBs within the indicated narrowband. A bitmap is used to indicate the number of RB assignments. The total signalling overhead of narrowband index and the RB assignment isbits which achieves a full flexibility of the eNB scheduling. 




Option 2: Separate narrowband index and Type 2 RA - The resource allocation field of this option has also two parts of separate narrowband index and the actual resource block assignment of up to 6RBs within the indicated narrowband. This option applies Type 2 resource allocation (Type 2 RA) within the indicated narrowband. The overhead size of Type 2 RA is bits where is 6. In this case, the maximum resource indication value (RIV) is 20 which needs 5bit binary representation. The total signalling overhead can be calculated from number of narrowbands and Type 2 RA as bits which achieves a full flexibility of the eNB scheduling.
Option 3: Joint encoding of narrowband index and Type 2 RA - The resource allocation field comprises joint encoding of the indicated narrowband and Type 2 resource allocation. The joint encoding will further reduce the signaling overhead compare to previous two options. This option also achieves a full flexibility of the eNB scheduling.
Joint Encoding of Subband index and Resource Indication Value (JESRIV) is given by:


Where RIV is given by legacy Type 2 resource allocation and k is the index of the allocated subband.
At the receiver, to get subband index and RIV value, the decoder can be implemented as follows:


     and   

The overhead can be calculated as bits.
Table 1: Overhead comparison of Options 1, 2 and 3.
	System BW

 ()
	
Option 1: Separate signalling of Subband index and bit-map RB assignment = bits
	

Option 2: Separate signalling of Subband index and Type 2  RB assignment =  bits
	
Option 3: Joint Encoding of Subband index and Type 2 RB assignment =bits 

	15 RB
	1+6 = 7
	1+5 = 6
	6

	18 RB
	2+6 = 8
	2+5 = 7
	6

	25 RB
	2+6 = 8
	2+5 = 7
	7

	38 RB
	3+6 = 9
	3+5 = 8
	7

	50 RB
	3+6 = 9
	3+5 = 8
	8

	60 RB
	4+6 = 10
	4+5 = 9
	8

	75 RB
	4+6 = 10
	4+5 = 9
	8

	80 RB
	4+6 = 10
	4+5 = 9
	9

	100 RB
	4+6 = 10
	4+5 = 9
	9

	110 RB
	5+6 = 11
	5+5 = 10
	9



Proposal 1: For PDSCH and PUSCH scheduling in normal and small coverage, joint encoding of narrowband index and Type 2 RB assignments is applied as follows:




Resource allocation schemes for medium and large coverage
For PDSCH in medium and large coverage, in order to achieve a lower coding rate for PDSCH transmission, it is acceptable to always schedule a UE with all 6RBs. Therefore, the only signaling field that is needed in the DCI format is the narrowband index.
Proposal 2: For PDSCH scheduling in medium and large coverage, the resource allocation field contains only the assigned narrowband index and UE should assume full 6RBs assignment.
For PUSCH scheduling in medium and large coverage, there is a power limitation for UE’s uplink transmission, hence, it is may be adequate to schedule a UE with only 1RB. Therefore, since UE needs to know which specific RB within 6RBs is assigned, it is necessary to use some kind of resource allocation scheme in the DCI format. 
We propose for PUSCH transmission in medium and large coverage to use the same resource allocation scheme as normal and small coverage as discussed in the previous section.
Proposal 3: For PUSCH scheduling in medium and large coverage, the same resource allocation scheme as normal and small coverage is applied.

Conclusion
In this contribution, we have discussed the resource allocation schemes for PDSCH and PUSCH in terms of overhead and scheduling flexibility. We have the following proposals:

Proposal 1: For PDSCH and PUSCH scheduling in normal and small coverage, joint encoding of narrowband index and Type 2 RB assignments is applied as follows:


Proposal 2: For PDSCH scheduling in medium and large coverage, the resource allocation field contains only the assigned narrowband index and UE should assume full 6RBs assignment.
Proposal 3: For PUSCH scheduling in medium and large coverage, the same resource allocation scheme as normal and small coverage is applied.
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