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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, #89 and #90bis 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.
Agreement RAN1#90bis:
· Sub-PRB shall be supported at least in CE Mode B

· Working assumption: Sub-PRB shall be supported in CE Mode A.

· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.
· For Sub-PRB, the maximum total number of (valid) subframes of transmission is:

· 32 subframes for CE Mode A
· 2048 subframes for CE Mode B

· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)
· Sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes

· The RU length depends on number of subcarriers in the Sub-PRB allocation
· FFS: RE mapping

· FFS: whether more than one RU is allocated per transport block

· For Sub-PRB, increasing DMRS shall not be supported

· For Sub-PRB allocation in connected mode,
· The Sub-PRB feature is configured/enabled by RRC signaling
· The Sub-PRB resource allocation shall be signaled by DCI
· FFS: Support of Sub-PRB allocation in Msg3
· When the Sub-PRB feature is configured/enabled in connected mode in CE mode B,
· DCI format 6-0B shall support both sub-PRB allocation and allocation of at least 1 PRB.
· Sub-PRB allocation shall support a maximum TBS of at least [504] bits.



In this contribution, we will discuss the technique of sub-PRB PUSCH allocation from RAN2 point of view.
2 Discussion
In current eMTC, the minimum granularity of resource allocation is one PRB for PUSCH. In RAN1#90bis meeting, it was agreed that for sub-PRB allocation in connected mode, the feature is configured/enabled by RRC signaling. Before RRC configuration, it is necessary for the eNB to know whether a UE can support sub-PRB feature or not. If the UE indicates support of this feature, the eNB can decide to configure the feature or not. Therefore, a UE capability of sub-PRB allocation should be introduced.
Proposal1: Introduce UE capability for sub-PRB allocation.

Currently, the UE capability is reported to eNB after the RRC connection is established, i.e. in Msg5. That means it is difficult for the UE to use sub-PRB allocation on or before Msg5, i.e. Msg3 and Msg5 shall use the legacy resource allocation scheme for transmission. Many MTC applications send small amounts of data, especially they may transfer one, possibly small, IP data packet. It should therefore be possible to use sub-PRB allocation earlier for small UL data transmission. 

Since Rel-13, UL data transmission in Msg5 has been supported. In order to use sub-PRB allocation in Msg5, an indication of sub-PRB allocation support is needed prior to Msg5 transmissionto assist eNB scheduling. 
Proposal2: An indication of UE support of sub-PRB allocation before Msg5 is needed.
In Rel-15, early data transmission is being discussed and it is agreed to use Msg3 for UL data transmission. It is well-known that early data transmission mainly focus on small data packet(s). Therefore, using sub-PRB allocation for Msg3 transmission should also be possible.
Proposal3: Support of sub-PRB allocation for Msg3 is assumed by RAN2.
If sub-PRB allocation for Msg3 is supported, as eNB needs to know the capability of sub-PRB allocation before Msg3, there are several options to indicate the capability to eNB. The most straightforward way is PRACH partitioning, which means to reserve PRACH resource(s) for the indication of support of sub-PRB allocation before Msg3. The drawback, obviously, is that this leads to more PRACH resource groups. Another way is to bundle create a dependency on support of the sub-PRB capability with the support of early data transmission. When a UE indicates its capability of sub PRB allocation, early data transmission support is implied. The drawback is it is too restrictive on UE implementation. We could potentially also consider no such indication of support of sub-PRB allocation before Msg3. That means the eNB has to allocate resources with the legacy scheme and the sub-PRB allocation scheme. Different UEs will interpret the eNB grant in the RAR with different ways, i.e. a non-capable UE interprets the grant in the legacy way and a capable UE reads it as sub-PRB.
Proposal4: The indication of sub-PRB allocation support before Msg3 is FFS.

Coverage enhancement techniques need to be supported for sub-PRB allocation in the deep coverage scenario. Frequency hopping is one of the coverage enhancement techniques specified in (f)eMTC, which should also be supported for sub-PRB allocation. [2]
Proposal5: Support of frequency hopping for sub-PRB allocation is assumed by RAN2.

3 Conclusion and Proposals
In this contribution, we discussed sub-PRB allocation from RAN2 point of view, and we observed and proposed that:
Proposal1: Introduce UE capability for sub-PRB allocation.

Proposal2: An indication of UE support of sub-PRB allocation before Msg5 is needed.

Proposal3: Support of sub-PRB allocation for Msg3 is assumed by RAN2.
Proposal4: The indication of sub-PRB allocation support before Msg3 is FFS.

Proposal5: Support of frequency hopping for sub-PRB allocation is assumed by RAN2.
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