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1 Introduction

During RAN1 #81 meeting, some agreements and conclusions were as following [1].
· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling, 

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs 

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband 

· This doesn’t preclude predefined frequency hopping 

In this contribution, consideration on resource allocation is discussed for Rel-13 low complexity UEs in normal and enhanced coverage. 
2 Resource Allocation
2.1 Resource allocation in normal coverage
Resource allocation for PDSCH
It is agreed that DCI indicates one of narrow-band and further indicate resource allocation within narrow-band. The number of bits for narrowband indication can be determined by the total number of narrowbands of the system bandwidth, or by the available narrowbands which are configured by eNB. Compared with the former, the available narrowbands should be indicated in the MTC SIB1 for the latter, and the overhead of MTC SIB1 would be increased. Therefore, the former is better.
In normal coverage, considering that UE should be scheduled to the most suitable frequency location to get maximum scheduling gain, it is not recommended to support Case 2 in normal coverage.
Resource allocation for PUSCH
Resource allocation for PUSCH can be indicated by the following options.
· Option1: narrowband indication and 6bit-bitmap to indicate resource within narrowband
· Option2: narrowband indication and RIV within narrowband, and RIV is corresponding to that of current uplink resource allocation type 0 in a 6 PRB narrowband.
· Option3: RIV of uplink resource allocation type 0 as in current specification
For option 1, the field of RA is composed of two parts.  The first part indicates the narrowband. The overhead of the first part is
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is the number of narrowbands. The second part is a bitmap with 6 bits. The total RA overhead of option 1 is
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.  Different from option 1, the second part in option 2 is RIV in a 6 PRB narrowband and the overhead of the second part is
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.  The total RA overhead of option 2 is
[image: image5.wmf](

)

2

log5

NB

N

+

éù

êú

.
For option 3, RIV is defined by
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For Rel-13 low complexity UEs, 
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 is not larger than 6, thus the condition 
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 for system bandwidth >= 3MHz would always be TRUE. So RIV formula would be:
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The RA overhead of option 3 depends on the maximum value of RIV, which is equal to 
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Overhead comparison among the three options is summarized in Table 1.
Table 1
	System bandwidth

(number of PRBs)
	Number of

narrowbands
	Option 1
	Option 2
	Option 3

	3MHz(15)
	3
	8
	7
	7

	5MHz (25)
	5
	9
	8
	8

	10MHz (50)
	9
	10
	9
	9

	15MHz(75)
	13
	10
	9
	9

	20MHz(100)
	17
	11
	10
	10


It can be seen that the overhead of option 1 is larger than the other two. The overhead of option 3 is same as option 2.   Option 3 has much better resource allocation flexibility which is beneficial for scheduling of MTC UEs. Option 3 can allocate multiple PRBs across narrowband to MTC UEs. For option 2, if most of PRBs within a narrowband are occupied by legacy UEs, even when the adjacent narrowband has unoccupied PRBs, eNB can only allocated the rest1~2PRBs within the narrowband to the MTC UEs. Therefore, Option 3 is preferable.
Proposal 1: Uplink resource allocation type 0 is supported for Rel-13 low complexity UEs in normal coverage.
2.2 Resource allocation in enhanced coverage
Repetition is required in enhanced coverage. Compact DCI would be used to reduce the repetition number of M-PDCCH.  Payload of DCI can be reduced by some restriction on resource allocation. RA field can be reduced by increasing the granularity of resource allocation. For example, the granularity of resource allocation can be set to 2 or 3 PRBs.
For PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band. Narrowband indication overhead can be saved if Case 2 is applied. Furthermore, resource allocation indication within narrowband can be reduced by increasing the granularity of resource allocation. For example, 2 bits field can be used to indicate the following 3 cases:
· allocation of the first three PRBs  

· allocation of the last three PRBs 

· allocation of the whole narrowband
For PDSCH, if narrowband definition is based on RBG, “MTC-RBG” can be defined as the resource allocation granularity for overhead reduction. MTC-RBG may be an RBG or partial of an RBG. As shown in Figure 1, the RBG size in Figure 1a and 1b are 2 and 3 respectively and MTC-RBG is same as RBG. RBG size in Figure 1c is 4 and each MTC-RBG is composed of 2 consecutive PRBs within a RBG. Another benefit of such restriction on granularity of resource allocation is to avoid segmentation of legacy RBG thus reduce the impact on resource allocation of legacy UEs.
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Figure 1 Definition of MTC-RBG
For MTC-RBG definition as shown in Figure 1b, 2 bit-bitmap can be used to indicate the MTC-RBG(s) allocated to a UE.  For MTC-RBG definition as shown in Figure 1a and 1c, MTC-RBG(s) allocated to a UE can be indicated by 3bit-bitmap. In order to further reduce the overhead, a 2-bit field can be used to indicate the following 3 cases by adding more restrictions:
· allocation of the first MTC-RBG 

· allocation of the last two MTC- PRBs 

· allocation of the whole narrowband
Proposal 2: In enhanced coverage, resource allocation overhead can be reduced by increasing the granularity of resource allocation.
3 Conclusions
In this contribution, further considerations on resource allocation for Rel-13 low complexity UEs in normal and/or enhanced coverage. We make the following proposals:
Proposal 1: Uplink resource allocation type 0 is supported for Rel-13 low complexity UEs in normal coverage.
Proposal 2: In enhanced coverage, resource allocation overhead can be reduced by increasing the granularity of resource allocation.
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