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1 Introduction
In RAN#76 the WI on “even further enhanced MTC for LTE” (efeMTC) [1] was revised approved. One of the objectives of the WI is to increase PDSCH spectral efficiency in efeMTC.

	It is out of scope of the Rel-15 eMTC WID to introduce an eMTC capable only UE category with a maximum supported channel bandwidth of less than 6 PRB in UL and DL.
Improved spectral efficiency:

· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.


In addition, in RAN1#88bis and #89 meetings, the topic was discussed and following agreements were achieved:

	Agreements RAN1#88bis:
· Techniques to improve UL spectral efficiency for consideration:

· Sub-PRB allocation

· PUSCH-based and NPUSCH-based designs can be considered.

· CDMA

· MU-MIMO

· Increased DMRS density

· Note: combinations of techniques are not precluded.
· Additionally, support for switching between LTE and NB-IoT air interfaces can be considered.
Agreement RAN1#89:
· MU-MIMO enhancements will not be specified as part of this WI.
· At least one of the following techniques to improve UL spectral efficiency will be supported as part of this WI:

· Sub-PRB allocation (with or without increased DMRS density)

· CDMA (with or without increased DMRS density)
· Support for switching between LTE and NB-IoT air interfaces can be further considered.



In this contribution, we will discuss the technique of sub-PRB PUSCH allocation from RAN2 point of view.
2 Discussion
In current LTE, the minimum resource allocation is one PRB for PUSCH. In order to improve PUSCH spectral efficiency, sub-PRB allocation is considered in RAN1 during two meetings. 
If we specify the design of sub-PRB allocation, duplicated work as in NB-IoT is unavoidable. On the other hand, it is common for eMTC and NB-IoT UEs to be deployed in the similar area. In this case, many UE chipsets support both eMTC and NB-IoT functionality. Therefore, another option for support of sub-PRB in Rel-15 is switching between eMTC and NB-IoT air interfaces. When more UL capacity is desired, the network can have the new eMTC UE “mimic” NB-IoT directly, just as a normal LTE UE can mimic some eMTC functionality in Rel-13 if it needs coverage enhancement. Using the NB-IoT cell to provide the spectral efficiency (i.e. connection density) of sub-PRB, in addition to the even higher connection density offered by 3.75 kHz UL in NB-IoT, will reduce more efforts effectively and significantly compared to specifying a new mechanism for eMTC individually.
Proposal 1: Adopt air interface switching between eMTC and NB-IoT as the technique for UL spectral efficiency improvement.
Following Figure 1 depicts a general procedure for support of air interface switching between eMTC and NB-IoT .
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Figure1 Air interface switching between eMTC and NB-IoT
during RRC_CONNECTED mode
Step 0: after the UE power on or in the initial phase, the UE supporting both eMTC and NB-IoT functionality works on eMTC.

Step 1: the UE receives system information related to eMTC (i.e. BR version) in order for the UE to access the eNB via eMTC. Optionally, the eNB can indicate its support of NB-IoT functionality.
Step 2: when the UE has UL/DL data, the UE performs random access procedures via eMTC.

Step 3: in order for the eNB to configure sub-PRB allocation, based on the indication of support of NB-IoT from the eNB, the UE reports its capability of support of NB-IoT.

Step 4: the eNB configures NB-IoT for the UE based on spectral efficiency, i.e. connection density, needs in the cell.

Step 5: After receiving the configurations from eNB, the UE re-configures to NB-IoT and works as a NB-IoT UE.

Step 6: In the NB-IoT, the eNB can schedule the UE via sub-PRB allocation easily.

Alternatively, in case of overload occurred in the eNB, the eNB may prefer UEs supporting eMTC and NB-IoT functionality to access the eNB via NB-IoT in order to alleviate the overload. Then following figure 2 shows the procedure of air interface switching between eMTC and NB-IoT during RRC_IDLE mode.
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Figure2 Air interface switching between eMTC and NB-IoT
during RRC_IDLE mode

Step 0: after the UE power on or in the initial phase, the UE supporting both eMTC and NB-IoT functionality works on eMTC.

Step 1: the UE receives system information related to eMTC (i.e. BR version). The eNB can indicate its preference of access functionality, e.g. NB-IoT.

Step 2: After receiving the preference from eNB, the UE re-configures to NB-IoT and works as a NB-IoT UE.

Step 3: In the NB-IoT, the UE receives NB version of system information from the eNB.

Step 4: when the UE has DL/UL data, the UE performs random access procedures via NB-IoT.

Step 5: In the NB-IoT, the eNB can schedule the UE via sub-PRB allocation.
Proposal 2: Adopt the procedures proposed in Figures 1 and 2 of air interface switching between eMTC and NB-IoT as baseline to support UL spectral efficiency improvement.
3 Conclusion and Proposals
In this contribution, we discussed sub-PRB allocation and proposed that:
Proposal 1: Adopt air interface switching between eMTC and NB-IoT as the technique for UL spectral efficiency improvement.
Proposal 2: Adopt the procedures proposed in Figures 1 and 2 of air, interface switching between eMTC and NB-IoT as baseline to support UL spectral efficiency improvement.
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