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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]We proposed followings [1]
· To design different DCIs for large coverage enhancement case and for no/small coverage enhancement cases. The design for middle coverage enhancement case is FFS.
· For DL large coverage enhancement case, always 6 PRBs assignment of PDSCH is assumed in order to reduce resource assignment field size.
· For UL large coverage enhancement case, always 1 PRB assignment of PUSCH is assumed in order to reduce resource assignment field size. 
In this contribution, we discuss details of resource allocation of PDSCH/PUSCH for Rel.13 MTC.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]
PDSCH large repetition
Our proposal is narrowband position is determined by cell level semi-static pattern, called as primary and secondary narrowband [4]. Therefore, narrowband indication in DCI is not required for PDSCH
Our proposal is always 6 PRBs are assigned as PDSCH. Therefore the number of bits for RIV (Resource indication value) in DCI is zero.

PUSCH large repetition 
Our proposal is narrowband position is determined by cell level semi-static pattern, called as primary and secondary narrowband [4]. Therefore, narrowband indication in DCI is not required for PUSCH.
[bookmark: _GoBack]We assume always 1PRB assignment of PUSCH because large repetition is power limited operation. If all 6 PRBs positions are supported, the number of bits for RIV (Resource indication value) in DCI is 3. Reduced bits (2,1,0) are also possible in order to shorten DCI size. In this case, the allocated PRB could depend on C-RNTI, narrowband index and/or subframe#. In addition, for PUSCH large repetition, CDM code would be indicated in DCI for multiple subframe code spreading on the top of the repetition [2].

PDSCH no/small repetition
In [5], "for unicast PDSCH, DCI indicates one of narrowband and further indicate resource allocation within narrow-band" was agreed in normal coverage for cross-subframe scheduling. For small enhance coverage, we propose same DCI design of normal coverage is used. Therefore, narrowband for cross-subframe scheduling is assigned by DCI and then RIV within the narrowband is used in PDSCH no/small repetition.
In legacy DL format 1A, DL type 2 allocation is used. When system BW is 6PRBs, RIV is 5 bits and additional 1 bit indicates localized or distributed. In DL type 2 allocation, the RB assignment information indicates to a scheduled UE a set of localized allocated VRB and it is not optimized separately for system BW is 6PRBs. In system BW is 6PRBs, only RIV#0 to 20 allocate VRBs and RIV#21 to 31 are not used. 
For no/small repetition, DCI indicates both same subframe scheduling and cross subframe scheduling. Same or cross subframe scheduling may be explicitly indicated by DCI. In the same subframe scheduling, MPDCCH and PDSCH are located on same narrowband. In the cross subframe scheduling, MPDCCH and PDSCH are located on same narrowband or different narrowband. The narrowband index is indicated by DCI.
For resource allocation in a narrowband, if RIV is 6 bits, full flexibility can be supported by bit map allocation. In order to reduce resource assignment field size, new resource allocation scheme is required to support both contiguous allocation and non-contiguous allocation. If 5 bits for RIV and 1bit indication for same or cross subframe scheduling are assumed, 32 allocations can be supported for both same and cross subframe scheduling. In cross subframe scheduling, all 6 PRBs in a narrowband are candidates for PDSCH. Both contiguous and non-contiguous allocations should be supported. In contiguous allocation, it should be aligned with RBG boundary as much as possible in order to reduce the number of blocked RBGs by PDSCH for MTC. For non-contiguous allocation, both edges of PDSCH are located on more than 3 PRBs distance and simultaneous allocation among RIVs should be supported. Although the evaluation in [3] is using MPDCCH, we expect similar trend for PDSCH. Figure 1 shows example of resource allocation of PDSCH for MTC with 5 bits RIV. In this figure, all allocation patterns are supported if the assigned number of PRBs is1,5 or 6. When the number of assigned PRBs is 2, 3, or 4, both contiguous allocations and non-contiguous allocations are supported. In this example, following pair of the resource assignment can be simultaneously possible with frequency diversity gain in a narrowband. 
Red colored pair: RIV#12 for 2PRBs and RIV#22 for 4PRBs, 
Green colored pair: RIV#13 for 2PRBs and RIV#23 for 4PRBs, 
Yellow colored pair: RIV#14 for 2PRBs and RIV#21 for 4PRBs 
For contiguous allocation, RIV#6,7,8 for 2 PRBs assignment, RIV#15,16 for 3 PRBs assignment and RIV#19,20 for 4 PRBs assignment would be useful as the PRB position is aligned with RBG boundary of normal UEs. This reduces the blocking of RBGs by PDSCH for MTC UE.
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[bookmark: _Ref426554527]Figure 1 Cross subframe 5 bits assignment example
In the same subframe scheduling, several PRBs are blocked by MPDCCH as we don't assume SU-MIMO between MPDCCH and PDSCH. The remaining PRBs can be allocated to PDSCH. The number of usable PRBs for PDSCH depends on the number of PRBs for MPDCCH. Aggregation levels of MPDCCH are correctly known by MTC UEs when MPDCCH design is based on EPDCCH. Therefore, MTC UE can determine the PRBs with DL assignment in a narrowband. When 5 bits are used for cross subframe scheduling as shown in Figure 1, 5 bits bitmap can be used for same subframe scheduling. Figure 2 is the example when MPDCCH is located on PRB#3. The bitmap allocates PRBs in a narrowband except for PRBs with DL assignment.  By this design, full flexibility allocation can be supported in same subframe scheduling.
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[bookmark: _Ref426555855]Figure 2 Same subframe 5 bits assignment example

PUSCH no/small repetition 
In legacy UL format 0, there are two resource allocation schemes type 0 (contiguously allocated virtual resource block) and type 1 (Clustered DFT-S-OFDM). For MTC UE, only Type 0 allocation without slot hopping would be supported as multi-clustered assignment is not required. 
Two options are considered for resource allocations in PUSCH no/small repetition.
Option 1: Resource allocations are limited to 6 PRBs in a narrowband.
In this option, legacy resource allocation type 0 can be reused. 5 bits RIV allocates consecutive PRBs in a narrowband. The narrowband index is also indicated by DCI.
Option 2: Resource allocations are system BW.
6 PRBs position is dynamically indicated by DCI. In this option, the number of bits for RIV is variable depending on system BW. In this option, narrowband definition is not used. UE can retune any consecutive 6PRBs in system BW. The number of bits for RIV is larger than Option 1. However, flexibility of resource allocation is higher than Option 1.
Conclusion
In this contribution, we discussed details of resource allocation of PDSCH for Rel.13 MTC. We summarize our views through the following observations
· In PDSCH large repetition, always 6 PRBs assignment of PDSCH is assumed. Therefore the number of bits for RIV (Resource indication value) in DCI is zero.
· In PUSCH large repetition, always 1PRB assignment of PDSCH is assumed. The number of bits for RIV (Resource indication value) in DCI is 3 for full flexibility. Reduced bits (2,1,0) are also possible in order to shorten DCI size.
· In PDSCH no/small repetition, in order to reduce resource assignment field size, new resource allocation scheme is required to support both contiguous allocation and non-contiguous allocation. In same subframe scheduling, the number of usable PRBs for PDSCH depends on the number of PRBs for MPDCCH.
· In PUSCH no/small repetition, only Type 0 allocation without slot hopping would be supported as multi-clustered assignment is not required. FFS whether resource allocations are limited to 6 PRBs in a narrowband or system BW.
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