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1. Introduction
In 3GPP RAN1#81 meeting, some agreements about narrow band is concluded as

· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL

· NOTE: This avoids additional retuning in TDD

· Narrowbands are non-overlapping

· FFS: Some PRBs may not be included in any narrowband

· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)

· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands

· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)

· FFS how the narrowbands are defined across the system BW

· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

Some working assumptions for resource allocation are confirmed

· 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 
· CSI measurements can be restricted to a subset of the available  narrow-bands 
· FFS: details
· 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
This paper discusses resource allocation for LC/CE UEs and corresponding DCI format design.     
2. Discussion
2.1  Resource allocation
Based on current discussion, three possible resource allocation methods can be summarized as

1) Option 1: Dynamic narrowband location indicated by DCI
This is the most flexible method and also requires the most bit number for resource allocation. Some scheduling gain can be achieved by dynamic narrowband allocation at different transmission or retransmission. For UEs in normal coverage or less CE requirement, such option can be applied to obtain the frequency selective gain. 

Or DCI selects one or several MTC narrowbands which are configured by a higher layer message, based on UE feedback. The maximal number of MTC narrowbands configured by the higher layer message can be specified. Due to bandwidth reduction, such design can reduce UE measurement effort on CSI/CQI feedback and improve power efficiency, compared to perform measurement on whole channel bandwidth.

2) Option 2: Same narrowband location as the associated EPDCCH 
Retuning time is not required under this design option. Secondly, DCI size can be reduced since narrowband indication is not needed. However, the blocking rate may be high if multiple UEs are scheduled within the same narrowband for the associated EPDCCHs, in CE mode. Further, frequency selective gain is not possible. The scheduling flexibility is also limited at eNB side.

On the other hand, it should be noted that Option 1 can also support Option 2 if subband index carried in DCI is pointed to the same subband as the associated control channel. So in this case, Option 1 can also support the consecutive transmission as Option 2 to achieve the peak data rate. The only difference would be just whether there is the subband index field in DCI. However, considering the number of subbands for UE is configured by eNB and can be restricted to a limited number (like 4). Then it may only cause at most 2 bits of DCI size difference, which is ignorable.

3) Option 3: Known narrowband location
The UE get the narrow band location by a semi-static higher layer message, without DCI indication for this option. Spectrum efficiency and power consumption can be improved in CE mode wherein long repetitions will be necessary. Moreover, a set of narrowbands can be configured by higher layer and these narrowbands are used for frequency hopping. Then, no additional signalling about frequency hopping pattern is needed. 

Though frequency selective scheduling is restricted, repetitions in CE mode can compensate such limited selective gain, considering channel status vary slowly for UEs in CE mode.
Observation #1: Option 1 and Option 3 is preferred for resource allocation enhancement for LC/CE UEs.
Proposal #1: Dynamic resource allocation is preferred for normal coverage from the perspective of scheduling gain, and semi-static resource allocation can improve power consumption in CE mode.
2.2  DCI format for resource allocation
According to above discussion, one field within DCI should be introduced to indicate narrow band location, wherein the indicated narrow band is from higher layer configuration, or narrow band dividing rule.  In CE mode, narrow band indication within DCI is not necessary. Then, it can be concluded that DCI format for NC mode has a field for narrow band location, compared to DCI formats in CE mode.  
Observation #2: One field within DCI indicates narrowband location in normal coverage.
No matter for DL or UL, narrowband location indication can follow same design rule. Regarding resource allocation within a narrowband, contiguous resource allocation is slightly preferred, considering diversity gain is quite limited within 6 PRB pairs. Further, resource allocation type 2 can be reused for resource allocation within a narrow band to inform the UE the resource size and exact resources for transmission/reception. In CE mode, it’s necessary to have same resource allocation field to support dynamic resource allocation, since it’s not efficient to allocate whole narrow band for transmission when the message is of a smaller size. So, it can be concluded that a field for resource allocation within a narrowband is comprised in DCIs for both NC mode and CE mode. 
Observation #3: Indication for resource allocation within a narrowband is necessary both in NC mode and CE mode.
A third consideration is frequency hopping indication in CE mode. Frequency hopping is identified a solution to improve transmission efficiency in CE mode. Then, it will be natural that frequency hopping is always applied without any configuration or indication, based on a predefined hopping rule.  
Observation #4: Frequency hopping is always applied in CE mode without indication.
Based on the above discussion, it can be found that different DCI formats for resource allocation in NC mode and CE mode will be designed from the perspective of scheduling gain, power consumption and resource efficiency. The proposal can be obtained as

Proposal #2: Different DCI formats for resource allocation should be designed for NC mode and CE mode. 
3. Conclusion
This paper summarizes resource allocation methods, and discusses resource allocation fields within DCI. Based on the analysis, some observations are obtained:

Observation #1: Option 1 and Option 3 is preferred for resource allocation enhancement for LC/CE UEs.

Observation #2: One field within DCI indicates narrowband location in normal coverage.
Observation #3: Indication for resource allocation within a narrowband is necessary both in NC mode and CE mode.
Observation #4: Frequency hopping is always applied in CE mode without indication.
Proposals are drawn according to the observations:
Proposal #1: Dynamic resource allocation is preferred for normal coverage from the perspective of scheduling gain, and semi-static resource allocation can improve power consumption in CE mode.
Proposal #2: Different DCI formats for resource allocation should be designed for NC mode and CE mode. 
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