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1. Introduction 
In RAN1#86 the following is agreed regarding wider bandwidth operation in feMTC:
· The wider bandwidth operation is enabled by eNB.

· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.

· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).

· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.

· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.

· Idle mode operations reuse the Rel-13 eMTC design.

· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.

· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:

· The larger max. DL TBS is at least 2984 bits.

· The larger max. UL TBS is at least 2984 bits.

· For Rel-14 FeMTC UEs with larger TBS and channel BW:

· Idle mode operations reuse the Rel-13 eMTC design.

· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.

· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.

This contribution discusses the resource allocation for the wider bandwidth operation.
2. Discussion
In the previous meeting, it is agreed to support a wider bandwidth of 5 MHz for PDSCH and PUSCH, which would expand the services for feMTC.  The wide bandwidth operation is enabled by the eNB, which would support larger TBS and higher throughput and hence it is agreed that the wide bandwidth operation is supported for CE Mode A.  In CE Mode B, PDSCH transmission over a wider bandwidth can reduce the number of repetitions in time and benefit from frequency diversity, thereby reducing the power consumption in receiving the PDSCH and increasing the throughput.  However, PUSCH transmission over wider bandwidth would result in reduced PSD and does not reduce the number of repetitions.  Therefore, we propose that wider bandwidth is supported at least for PDSCH in CE Mode B.
Proposal 1: Wider bandwidth operation is supported in CE Mode B at least for PDSCH.

In LTE, 5 MHz system bandwidth contains 25 PRBs. It is proposed that the bandwidth of the wider bandwidth feMTC is a multiple of 6 PRBs (Rel-13 eMTC narrowband) which would benefit the scheduler (e.g. in scheduling Rel-13 eMTC and wide bandwidth feMTC) [1].  Hence, it is proposed that 24 PRBs is defined as the narrowband for wide bandwidth feMTC.  We do not see any benefit to support an intermediate bandwidth such as 12 PRBs or 18 PRBs, since such PRB usages can be dynamically indicated by using a subset of the 24 PRBs narrowband.  To keep the scheduler simple, we prefer that these 24 PRB narrowbands do not overlap each other within a system bandwidth.
Proposal 2: An additional narrowband size of 24 PRB is introduced in Rel-14 feMTC.  The eNB can configure UE to support either 6 PRB or 24 PRB narrowband.
Proposal 3: The 24 PRB narrowbands do not overlap each other within the system bandwidth.

In Rel-13 eMTC, contiguous RB allocation is used (i.e. Type 2 for PDSCH and Type 0 for PUSCH) since distributed RB allocation within a 6 PRB narrowband is unlikely to benefit from frequency diversity.  However, in the wider bandwidth feMTC, the 24 PRB narrowband may provide frequency diversity benefits and hence a distributed RB allocation is useful.
Proposal 4: Allow distributed RB allocation for 24 PRB narrowband operations.

The RBG size for 5 MHz system bandwidth is 2 RBs, which gives 12 RBG in a 24 PRB narrowband.  For distributed allocation this would require 12 bits 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 narrowband for wide band feMTC operation is about 4× that of Rel-13 eMTC narrowband, there will be 4× less 24 PRB narrowbands in a system bandwidth compared to the number in Rel-13 eMTC.  Table 1 shows the number of bits required to indicate a narrowband in Rel-13 eMTC (6 PRB) and in wide band feMTC (24 PRB) and it is observed that wide band feMTC requires 2 bits less.  These two bits can be used together with the 5 bits (used in CE Mode A of Rel-13 eMTC) to indicate the RB allocation within the 24 PRB narrowband without increasing the size of the DCI.

Table 1: Number of bits to indicate narrowband in a system bandwidth

	System Bandwidth (PRB)
	eMTC (6 PRB)
	feMTC (24 PRB)

	100
	4
	2

	75
	4
	2

	50
	3
	1

	25
	2
	0


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.  Further restriction can be used such as allowing only power of 2s RBG allocations.
Proposal 5: Consider increasing the RBG size from 2 RBs to 3 RBs for RB allocation in wide band feMTC to reduce the number of bits required to indicate the RB allocation.  Further restriction is FFS.
NB-IoT in-band deployment and feMTC can coexist in the same system bandwidth.  The RBs occupied by a 24 PRB narrowband feMTC is likely going to collide with an anchor NB-IoT carrier.  It should be appreciated that an anchor NB-IoT carrier is likely to contain transmissions.  It would therefore be beneficial to indicate to the feMTC UE that a RB is invalid (i.e. occupied by an anchor NB-IoT carrier) since it may not be possible to avoid a PRB dynamically as the RBG size for RB allocation is likely larger than 1 RB. Similar to invalid subframe indication, invalid RB can be indicated using RRC signalling or indicated in the SIBs, and the UE can postpone an invalid RB.
Proposal 6: Indicate invalid RBs in a system bandwidth so that the UE can postpone RB allocation to the next valid RB.  The invalid RB indication can be signalled by higher layers or in the SIBs
3. Conclusion

In this contribution we discuss some aspects of wide bandwidth feMTC resource allocation.  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.

We therefore propose the following:

Proposal 1: Wider bandwidth operation is supported in CE Mode B at least for PDSCH.
Proposal 2: An additional narrowband size of 24 PRB is introduced in Rel-14 feMTC.  The eNB can configure UE to support either 6 PRB or 24 PRB narrowband.

Proposal 3: The 24 PRB narrowbands do not overlap each other within the system bandwidth.
Proposal 4: Allow distributed RB allocation for 24 PRB narrowband operations.

Proposal 5: Consider increasing the RBG size from 2 RBs to 3 RBs for RB allocation in wide band feMTC to reduce the number of bits required to indicate the RB allocation.  Further restriction is FFS.

Proposal 6: Indicate invalid RBs in a system bandwidth so that the UE can postpone RB allocation to the next valid RB.  The invalid RB indication can be signalled by higher layers or in the SIBs.
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