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1 Introduction
In RAN1 #86 meeting, the following agreements on larger PDSCH/PUSCH channel bandwidth were made [1]:
· The wider bandwidth operation is enabled by eNB.

· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.

· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).

· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.

· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.
· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.

To support higher data rates for MTC UEs, we discuss the resource allocation for larger maximum PDSCH/PUSCH channel bandwidth in this contribution.
2 Resource allocation for larger PDSCH/PUSCH channel bandwidth
2.1 Indication of larger PDSCH/PUSCH channel bandwidth
Narrowband with 6 PRBs is defined for Rel-13 MTC. If the PDSCH/PUSCH channel bandwidth is extended to 5 MHz, wider bandwidth can be indicated based on the first narrowband index within the larger PDSCH/PUSCH channel bandwidth. Based on this method, wideband can be indicated with higher flexibility.
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Figure 1 Example of wideband definition
For 5, 10, 15 and 20 MHz system bandwidth, 
[image: image5.wmf]ú

ú

ú

ù

ê

ê

ê

é

ú

ú

û

ú

ê

ê

ë

ê

6

log

DL

RB

2

N

 bits (up to 4 bits) are required to indicate the narrowband index.  If the first narrowband index within the larger PDSCH/PUSCH channel bandwidth is used to indicate the wideband as exampled in Figure 1, only one wideband is defined for 5 MHz system bandwidth and there is no need to indicate the wideband index. For 10 MHz system bandwidth, up to 5 widebands is defined and 3 bits are required to indicate the wideband index. For 15 and 20 MHz system bandwidth, up to 9 and 13 widebands are defined and 4 bits are required to indicate the wideband index.
Proposal 1: Wideband index can be indicated by narrowband index of the first narrowband within the larger PDSCH/PUSCH channel bandwidth.
2.2 Resource allocation of PDSCH/PUSCH with larger/wider bandwidth
For 5/10/15/20 MHz system bandwidth, if the UE RF bandwidth is 5 MHz, scheduling of different resource block within 5 MHz should be considered. Resource allocation of PDSCH/PUSCH with lager bandwidth can be determined based on the wideband definition. 
· Alt 1: Wideband index + narrowband bitmap within the wideband + resource allocation within the narrowband

· Alt 2: Wideband index + resource allocation within the wideband

· Alt 2.1:Resource allocation type 0/1 is reused for resource allocation within the wideband

· Alt 2.2: Resource allocation type 2 is reused for resource allocation within the wideband.
Wideband index can be indicated by the first narrowband index within the larger PDSCH/PUSCH channel bandwidth. 
Table 1 Comparison of PDSCH resource allocation overhead

	System bandwidth (MHz)


	Resource allocation
	Overhead (bits)

	5
	Alt 1
	9

	
	Alt 2.1
	13

	
	Alt 2.2
	9

	10
	Alt 1
	12

	
	Alt 2.1
	16

	
	Alt 2.2
	12

	15/20
	Alt 1
	13

	
	Alt 2.1
	17

	
	Alt 2.2
	13


Table 1 shows the comparison of resource allocation overhead for different alternatives. Based on the assumption that one wideband is composed of 4 narrowband as shown in Figure 1, 4-bit bitmap can be used to indicate the narrowband allocation within a wideband. For Alt 1, indication of narrowband allocation within the wideband needs 4 bits while indication of resource allocation within the narrowband needs 5 bits. Overhead of Alt 1 is smaller than Alt 2.1. But for Alt 1, resource allocation in different narrowbands should keep the same. It would cause higher scheduling limitation. Compared with Alt 1, resource allocation of Alt 2 is much more flexible. For Alt 2.1, 13 bits are needed if reusing current legacy RBG definition for 5 MHz system bandwidth. Considering that Rel-13 narrowband definition may not be aligned with RGB in some cases, Alt 2.1 still has the RBG alignment issue. Alt 2.2 has the same overhead as Alt 1. But Alt 2.2 can only support continuous resource allocation and may have scheduling limitation. 
For resource allocation of PDSCH with lager bandwidth, considering the frequency selective gain, discontinuous resource allocation should be considered. Compared with Alt 2.1, Alt 1 is preferred since it can support discontinuous resource allocation with less overhead. For resource allocation of PUSCH with larger bandwidth, similar to legacy PUSCH, continuous resource allocation is preferable. Alt 2.2 is the best choice.
Proposal 2: Discontinuous resource allocation should be considered for resource allocation of PDSCH with wider/larger bandwidth.
Proposal 3: Resource allocation of PUSCH with wider/larger bandwidth is indicated by wideband index + resource allocation type 2 within the wideband.
2.3 DCI format
New DCI format (i.e., 6-0AW/6-1AW) can be defined for resource allocation of PDSCH/PUSCH with wider/larger bandwidth. The size of resource allocation fields for 6-0A is same as that for 6-1A. Similarly, in order to reduce the padding bits, the size of resource allocation fields for PDSCH with larger bandwidth and the size of resource allocation fields for PUSCH with larger bandwidth are targeted to be the same.
If wideband operation mode is semi-statically indicated by RRC signaling, size of DCI format 6-0AW/6-1AW can be larger than that of DCI format 6-0A/6-1A and the number of blind decodings of MPDCCH is not increased with respect to Rel-13 eMTC.
If wideband operation mode is not introduced, to keep the same number of blind decodings of MPDCCH as that of Rel-13 eMTC, size of DCI format 6-0AW/6-1AW should be same as that of DCI format 6-0A/6-1A or blind decoding reduction schemes should be further considered.
Proposal 4: New DCI format should be introduced in order to support resource allocation of PDSCH/PUSCH with larger channel bandwidth.
Proposal 5: The size of resource allocation fields for PDSCH with larger bandwidth and the size of resource allocation fields for PUSCH with larger bandwidth are targeted to be the same.
3 Conclusions
In this contribution, we have discussed resource allocation to support larger PDSCH/PUSCH channel bandwidth. We make the following proposals:
Proposal 1: Wideband index can be indicated by narrowband index of the first narrowband within the larger PDSCH/PUSCH channel bandwidth.
Proposal 2: Discontinuous resource allocation should be considered for resource allocation of PDSCH with wider/larger bandwidth.
Proposal 3: Resource allocation of PUSCH with wider/larger bandwidth is indicated by wideband index + resource allocation type 2 within the wideband.
Proposal 4: New DCI format should be introduced in order to support resource allocation of PDSCH/PUSCH with larger channel bandwidth.
Proposal 5: The size of resource allocation fields for PDSCH with larger bandwidth and the size of resource allocation fields for PUSCH with larger bandwidth are targeted to be the same.
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