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1. Introduction 
In RAN1#87 we agreed the following on using larger bandwidth (extended narrowband):

· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth
· 24 PRBs is the maximum number of PRBs that can be allocated
· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth
· 96 PRBs is the maximum number of PRBs that can be allocated
· The PUSCH allocation for FeMTC UEs with larger BW can include at least certain PRBs that are not part of narrow bands defined in LTE Release 13
· This includes at least the central PRB in case of odd system bandwidth
· FFS: PRBs at the band edges that do not belong to any narrowband
· For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported
· For Rel-14 non-BL UEs configured with max 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported  
This contribution discusses resource allocation aspect of using larger bandwidth.
2. Discussion
Since the allocable bandwidth is 24 PRBs out of 25 PRBs, there is one PRB that is not used.  This unused PRB can be indicated as an invalid PRB by higher layers.  It should also be noted that in-band NB-IoT and feMTC can coexist in the same system bandwidth, which may lead to collision between the anchor NB-IoT carrier and the extended feMTC narrowband (24 PRBs).  Hence, a general indication either in the SIB or RRC configuration of invalid PRBs similar to that used for invalid subframes is beneficial to indicate the unused PRB and PRBs that collide with NB-IoT carriers.  Similar to invalid subframes, when DCI allocates resources that overlap an invalid PRB, the UE can postpone the invalid PRB to the next valid PRB.

Proposal 1: Signal invalid PRB using the SIB or dedicated RRC signalling.  Invalid PRBs are postponed to the next valid PRB.
The RBG size for 5 MHz system bandwidth is 2 RBs, which gives 12 RBG in a 24 PRB narrowband.  Since distributed allocation is supported, 12 bits would be required to indicate the allocated RBGs, which is a significant increase in DCI size considering that the Rel-13 eMTC requires only 5 bits to indicate the PRB within the (6 PRB) narrowband.

Observation 1: The existing RB allocation indication in the DCI for LTE, requires more than double the number of bits used for RB allocation indication compared to that for Rel-13 eMTC.
Since the extended narrowband in Rel-14 feMTC is 4× that of Rel-13 eMTC narrowband, there will be 4× less extended narrowbands (24 PRB) in a given system bandwidth compared to that in Rel-13 eMTC.  In [1] it is shown that 2 bits less are required to indicate an extended (24 PRB) narrowband compared to that required for a (6 PRB) narrowband.  These extra 2 bits can added to the existing 5 bits used for RA in the DCI to indicate the PRBs within the extended (24 PRB) narrowbands without increasing the size of the Rel-13 DCI in CE Mode A.
Observation 2: 7 bits can be used to indicate the RB allocation within a 24 PRB narrowband without increasing the size of the DCI in CE Mode A.

Reducing the number of bits to indicate RB allocation from 12 bits to 7 bits would require some restriction on the possible RB allocations.  One way is to increase the RBG size from 2 RBs to 3 RBs giving 8 RBGs without excessive restriction on the scheduler flexibility.  Further restriction can be used such as allowing only power of 2s RBG allocations.  
Observation 3: Increasing the RBG size would reduce the number of RA bits required in the DCI.

If we wish to allow a RBG size of 1 RB, then a two level RA allocation as suggested in [2] & [3] can be considered:

· In the 1st level, 5 bits are used to indicate the RBs within a 6 PRB narrowband as in Rel-13 eMTC
· In the 2nd level, 2 bits are used to indicate which of the 4 × 6 PRB narrowbands are allocated as indicated in the 1st level

This method would not change the number of bits required for RA in the DCI and allow RBG size of 1 RB.

Proposal 2: If RBG size of 1 RB is required, use a two level RA allocation method where:

· In the 1st level, 5 bits are used to indicate the RBs within a 6 PRB narrowband as in Rel-13 eMTC

· In the 2nd level, 2 bits are used to indicate which of the 4 × 6 PRB narrowbands are allocated as indicated in the 1st level

In [2], it is proposed that frequency domain repetition is supported.  That is for cases where repetition is used and the RB allocation does not fully utilise all resources in the frequency domain, then it is sensible to fill up the resources in the frequency domain before using the time domain, especially for operation in extended narrowband.  In this way, the frequency domain repetitions in combination with the legacy time domain repetitions can shorten the latency that typically occur in time domain repetitions only.
Proposal 3: Consider supporting frequency domain repetition for operation in extended narrowband.

3. Conclusion

In this contribution we discuss some aspect of resource allocation in extended narrowband (24 PRBs) and we observe the following:
Observation 1: The existing RB allocation indication in the DCI for LTE, requires more than double the number of bits used for RB allocation indication compared to that for Rel-13 eMTC.
Observation 2: 7 bits can be used to indicate the RB allocation within a 24 PRB narrowband without increasing the size of the DCI in CE Mode A.
Observation 3: Increasing the RBG size would reduce the number of RA bits required in the DCI.

We therefore propose the following:

Proposal 1: Signal invalid PRB using the SIB or dedicated RRC signalling.  Invalid PRBs are postponed to the next valid PRB.
Proposal 2: If RBG size of 1 RB is required, use a two level RA allocation method where:

· In the 1st level, 5 bits are used to indicate the RBs within a 6 PRB narrowband as in Rel-13 eMTC

· In the 2nd level, 2 bits are used to indicate which of the 4 × 6 PRB narrowbands are allocated as indicated in the 1st level

Proposal 3: Consider supporting frequency domain repetition for operation in extended narrowband.
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