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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In last RAN1 meeting, following are working assumption
Working assumption:
· For unicast, DCI format for no and small repetition levels are same. (=DCI format M1)
· For unicast, DCI format for other repetition levels are same. (=DCI format M2)
· DCI format M1 size and DCI format M2 size can be different
· UE monitors only either DCI format M1 or DCI format M2
· FFS whether DCI format size for scheduling PDSCH and PUSCH are same or not
· If there are not the same, it means there will be M3 and M4 for the other link
· FFS M1 size and/or M2 size can be from the existing DCI format size(s)

Similar to DCI format, resource allocation schemes can be optimized for each no/small repetition and large repetition. In this contribution, we discuss details of resource allocation of PUSCH and PUCCH protection for Rel.13 MTC. The resource allocation of PDSCH is discussed in another contribution [1].
Discussion
PUSCH with large repetition 
Our proposal is narrowband position is determined by cell level semi-static pattern, called as primary and secondary narrowband [2]. DL one logical narrowband has corresponding UL logical narrowband due to fixed relation. This allows simpler resource utilization and predictable resource utilization. Then, narrowband indication in DCI is not required for PUSCH.
We assume always 1PRB assignment of PUSCH to obtain largest PSD because large repetition is power limited operation. It is useful to reduce repetition times and save UE’s power consumption. If all 6 PRBs positions are supported, the number of bits for RIV (Resource indication value) in DCI is 3. Reduced bits are also possible in order to shorten DCI size. In this case, the allocated PRB position could depend on C-RNTI, narrowband index and/or subframe index. In addition, for PUSCH large repetition, CDM code would be indicated in DCI for multiple subframe code spreading on the top of the repetition [3].
PUSCH with 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 could be supported as multi-clustered assignment is not required. 
In the last RAN1 meeting, "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 " was agreed. Therefore, resource allocations are limited to 6 PRBs in a narrowband. Legacy resource allocation type 0 can be reused. 5 bits RIV can allocate every consecutive PRBs patterns in a narrowband.

PUCCH protection
The edges of the uplink system bandwidth PRBs would be used for PUCCH of legacy UEs in all or almost all subframes. Depending on the further discussion, Rel.13 MTC UEs might use the edge of the uplink system bandwidth for PUCCH. In [4], for large repetition PUSCH, we propose PRB pair level brute force puncturing in case PUCCH region is indicated by MTC SIB1 and the scheduler could avoid collision in case PUCCH region is not indicated. However, even if the scheduler tries to avoid the collision between MPUSCH and PUCCH, several PRBs cannot be allocated for MPUSCH. In case of 5MHz, there are no unused PRBs for PUCCH in both edges. The edges of narrowband should be used for MPUSCH allocation for diversity gain. When PUCCH region is two PRBs per edge, 4PRBs in the system BW cannot be used as show in Figure 1.
[bookmark: _GoBack]For MTC-SIB1, frequency hopping is always used at least system bandwidth>=5MHz and there are two candidates on the number of narrowbands to be used for frequency hopping of MTC-SIB1, 2 narrowbands and 4 narrowbands.  We propose Option B for MTC SIB1 (MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB) and hopping of other than MTC SIB1 could be realized by same number of narrowbands as MTC SIB1[5]. When frequency hopping takes place between 4 narrowbands and resource allocation orders are common in narrowbands during hopping period, additional 8 PRBs cannot be used for MPUSCH allocation. In Figure 1, frequency hopping pattern is narrowband #A #C#B#D and fourth PRB in a narrowband is allocated for MPUSCH. The light green colour means those PRBs are not allocated by scheduler in order to avoid collision between MPUSCH and PUCCH when frequency hopping moves to edge narrowbands. In case of Figure 1, a lot of PRBs cannot be allocated for MPUSCH. 
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[bookmark: _Ref429050693]Figure 1 hopping takes place between 4 narrowbands without mirroring



In order to allocate more PRBs when hopping takes place between 4 narrowbands, a mirroring resource allocation like a Type 2 PUSCH hopping is useful. In Figure 2, Narrowband #A and /#C are normal resource allocation and Narrowband #B/ and #D are mirroring resource allocation. The number of PRBs not allocated by scheduler to protect PUCCH is reduced half than Figure1. In Type 2 PUSCH hopping, the function  determines whether mirroring is used or not. the parameters for  (hopping mode and Nsb) are provided by SIB2. For MTC UE, two options can be considered. One is mirroring is default. The other is MTC SIB1 indicates mirroring on/off. 
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[bookmark: _Ref430814015]Figure 2 hopping takes place between 4 narrowbands with mirroring.

When hopping takes place between 2 narrowbands, we propose narrowband pair is Narrowband #A and /#C or Narrowband #B and D in 5MHz. The number of PRBs not allocated by scheduler to protect PUCCH is reduced half than Figure1. Those pairs have diversity gain when two pairs of narrowbands are used for different MTC UEs simultaneously.
For 10MHz, 15MHz and 20MHz, there are enough narrowbands. It is possible that the both narrowbands in the edges can be excluded form frequency hopping of large MPUSCH repetition for PUCCH protection. If design of 5MHz with protection PUCCH is reasonable, it can be reused for 10MHz, 15MHz and 20MHz. 
Conclusion
In this contribution, we discussed details of resource allocation of PUSCH for Rel.13 MTC. We summarize our views through the following observations
· 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 are also possible in order to shorten DCI size.
· In PUSCH no/small repetition, only Type 0 allocation without slot hopping would be supported as multi-clustered assignment is not required. Legacy resource allocation type 0 can be reused. 5 bits RIV allocates consecutive PRBs in a narrowband.
· When hopping takes place between 4 narrowbands in 5MHz, a mirroring resource allocation like a Type 2 PUSCH hopping is useful.
· When hopping takes place between 2 narrowbands in 5MHz, narrowband pair should be Narrowband #A and #C or Narrowband #B and D.
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