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1 Introduction
The following agreements have been achieved in the RAN1#82 meeting [1],

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

This contribution gives some discussion on the open issues, such as overhead, scheduling flexibility of the detail RA design, and gives our proposals.
2 Discussion 
2.1 In normal coverage and small coverage enhancement
2.1.1 Narrowband index

According the following agreements [1]:
Agreement: 
· All narrowbands are of a size of 6 PRBs 
· Total number of DL narrowbands in the system bandwidth is fixed at    [image: image1.wmf]ú
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· Total number of UL narrowbands in the system bandwidth is fixed at   [image: image2.wmf]ú
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· 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 
For a system with 100 PRBs bandwidth, there can be 16 narrowbands, numbered from 0 to 15; for a system with 15 PRBs bandwidth, there are only 2 narrowbands, numbered from 0 to 1.
The narrowband index of the RA can indicated in two ways:

· Absolute narrowband index: indicate the index directly of the narrowband used for PDSCH/PUSCH transmission

· Relative narrowband index: indicate an offset relative to the index of the narrowband used for M-PDCCH scheduling the PDSCH/PUSCH transmission. If frequency hopping is used for M-PDCCH and PDSCH/PUSCH transmission, this option can be used to indicate the initial narrowband of the PDSCH/PUSCH transmission based on the last narrowband of the M-PDCCH transmission.

We can give some analysis on the two options from the following aspects:

· Necessary information bits. The first option may need more information bits in DCI, which impacts on the DCI receiving performance, especially when operating CE. Because for the first option, enough information bits have to be used to keep each available narrowband can be used, regardless whether M-PDCCH hopping is used or not. For example, for a system with 100PRBs, 4 bits have to be used to indicate each possible narrowband of the total 16 narrowbands. Or, for example, if 3 bits are used, there always are 8 narrowbands which will not be used by any UEs. However, for the second option, fewer information bits can be used considering that the M-PDCCH frequency hopping is supported over the system BW [2]. For example, even 1bit is used in option 2, each narrowband of the total 16 narrowbands can also have a chance to be used with the M-PDCCH frequency hopping. 
· Scheduling flexibility and gains. The first one can get the biggest scheduling flexibility and frequency selection gains, if enough information bits are used. For eNB can indicate any narrowband used for PDSCH/PUSCH transmission according to the scheduling requirement, and the feedback if there is. If fewer information bits are used for transmission performance in second option, there will be some impacts on the scheduling flexibility and frequency selection gains. However, 2 or 3bits for option 2 can also provide a suitable scheduling flexibility and certain frequency selection gains, for a system with 16 narrowbands.  
· Specification effort. For option 2, if e.g. 3bits, are used for narrowband index indication, less specification impacts can be expected, for some field of the current DCI, e.g.  Carrier indicator, can be reused. For option 1, a new field in DCI has to be defined. 
Based on the analysis above, compare with the first option, the second option gives a better tradeoff between the performance and the impacts.  

The second option can be realized as shown in the following figures, with 2bits used for narrowband index as an example for simplicity:
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Figure 1 Determining the PDSCH/PUSCH narrowband based on narrowband index offset 
In Figure 1, PDSCH/PUSCH transmission begins k subframes after the M-PDCCH transmission. Narrowband index offset 1, 2, 3 and 4 indicates one possible narrowband accordingly.
The PDSCH/PUSCH narrowband can all be placed in the same side of the M-PDCCH narrowband. For example, the index of PDSCH/PUSCH narrowband can be determined all by narrowband index of M-PDCCH adding a narrowband index offset. That is, the PDSCH/PUSCH narrowband is above the M-PDCCH narrowband as show in Figure 1. The PDSCH/PUSCH narrowband index can also be determined by the index of M-PDCCH subtracting a narrowband index, with PDSCH/PUSCH narrowband being placed below the M-PDCCH narrowband.
Or the PDSCH/PUSCH narrowband can be placed at both side of the M-PDCCH narrowband, and be determined either by narrowband index of M-PDCCH adding a narrowband index offset, or by narrowband index of M-PDCCH subtracting a narrowband index, with one bit indicating addition or subtraction, as shown in Figure 2. That is, one bit in the two bits is used to indicate the PDSCH/PUSCH narrowband index is larger or less than the M-PDCCH narrowband index, another one bit is used indicate two possible narrowband indices which are larger or less than the M-PDCCH narrowband index. 
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Figure 2 Determining the PDSCH/PUSCH narrowband based on narrowband index offset
Based on the discussion, we have,
Proposal 1: The narrowband index in resource allocation for PDSCH and PUSCH can be determined based on a narrowband index offset relative to the M-PDCCH narrowband index.
2.1.2 Resource allocation in the narrowband
For no (normal) repetition levels, less specification impacts can be expected, if the new designed DCI reuse the current fields of DCI as much as possible. So for the unicast PDSCH transmission of MTC UEs not operating CE, resource allocation mechanism can keep the same. 
For small repetition levels, we take the DCI format 1A for baseline discussion. For localized VRB the bits needed for resource allocation is determined by
[image: image5.wmf]é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N

, which is up to 13 bits in system bandwidth 20MHz. Then for MTC UEs within a narrowband of 6 PRBs, by
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, the bits needed for RA can be reduced to 5 bits. No significant benefits for further reducing the size of this field by new design of RA type are foreseen, with the risk of more specification efforts, more DCI sizes and more UE blind decoding effort. 
Proposal 2:  The resource allocation within the indicated narrowband uses the same mechanism as legacy UEs. For unicast, the length of RB assignment field can be modified based on DCI format 1A.
2.2 In large coverage enhancement
As discussed in our previous contribution [3], in large coverage, the UE behavior would be quite different and many modifications to the current LTE mechanism are needed due to delayed timeline, significantly increased signaling overhead, and frequency hopping in addition to bandwidth reduction techniques.

Frequency diversity for PDSCH/PUSCH transmission is hard to be obtained by dynamic scheduling considering the duration of repetition, so it seems not so much useful to indicate a variable narrowband location via DCI. The diversity gain can be acquired instead by frequency hopping, which can be a semi-static configuration or pre-defined common pattern. M-PDCCH is also repeated in large CE, dynamic signaling overhead becomes an issue and new DCI with smaller size is being motivated. So the field for narrowband index should not be included in the DCI designated for large coverage. 
The same narrowband with M-PDCCH can be used for PDSCH transmission. And the narrowband used for PUSCH can also be determined based on the M-PDCCH narrowband, for the same reasons. For example, the PUSCH narrowband index can be determined based on M-PDCCH narrowband index + n, with n a predefined or configured offset. The determined PUSCH narrowband should not overlap with PUCCH narrowbands, but this is a matter of eNB scheduling. 
Proposal 3: In large coverage, 

· The PDSCH narrowband is the same as the M-PDCCH narrowband
· The PUSCH narrowband is determined based on the M-PDCCH narrowband.
If frequency hopping is used for M-PDCCH and PDSCH/PUSCH, the proposal above can be used to determine the initial narrowband of PDSCH/PUSCH narrowband, based on the last narrowband of M-PDCCH.

3 Conclusion
We give the following proposals on PDSCH and PUSCH resource allocation:
Proposal 1: The narrowband index in resource allocation for PDSCH and PUSCH can be determined based on a narrowband index offset relative to the M-PDCCH narrowband index.
Proposal 2:  The resource allocation within the indicated narrowband uses the same mechanism as legacy UEs. For unicast, the length of RB assignment field can be modified based on DCI format 1A.

Proposal 3: In large coverage, 

· The PDSCH narrowband is the same as the M-PDCCH narrowband

· The PUSCH narrowband is determined based on the M-PDCCH narrowband.
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