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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” defines the following RAN1-led WI objective for machine-type communications for BL/CE UEs:
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.
Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.
In RAN1 #89 the following agreements were made:
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.
Reference [1] provides an analysis on the two candidate techniques indicated above. Based on the analysis and comparison, it is proposed to use the sub-PRB technique for increasing the PUSCH spectral efficiency. Whether to keep the legacy TTI length equal to 1ms or re-using the NB-IoT framework results still needs to be decided.
[bookmark: _Ref178064866]This contribution analyzes the impact of the WI objective on RAN2 and proposes solutions to support the new features.
Discussion
UE capability report
For backward compatibility, the eNB needs to know whether a UE that is to be scheduled supports increased PUSCH spectral efficiency or not. Therefore, a new UE capability should be defined for UEs that support the feature.
A new UE capability is defined for Rel-15 for increased PUSCH spectral efficiency.
Random access
After initial access, the UE capability of supporting increased PUSCH spectral efficiency is known to the network. In the subsequent random access procedure, the eNB may fetch the UE capability information from the MME or from its cache, after RRC connection request or resume message (msg3) is received. For a UE that supports increased PUSCH spectral efficiency, the eNB could schedule sub-PRB or CDMA based allocation as early as for msg5.
RAN2 is currently discussing possible ways for early data transmission ([2]). With the proposed technique, eNB could respond to a PRACH preamble with a larger data grant so that the MTC device can start data transmission in Msg3. 
In random-access procedure if the eNB knows whether the UE supports increased PUSCH spectral efficiency, e.g. context fetch, sub-PRB or CDMA based scheduling can be used as early as msg5 transmission.
UL-SCH data transfer
The feature of increased PUSCH spectral efficiency enables the eNB to assign only a fraction of a PRB to a UE, which is either in poor coverage (hence doesn’t have sufficient power to transmit data in an entire PRB) or doesn’t have much data in its transmission buffer (to increase resource usage and improve system capacity).
The feature of increased PUSCH spectral efficiency can be used both in CE Mode A and CE Mode B for UL-SCH data transfer. For a UE in CE Mode A, the feature can help reduce resource usage for small data packets, reduce UE transmission power, reduce inter-cell interference, and increase system capacity. For a UE in CE Mode B the feature can increase UE transmission power spectrum density, reduce PUSCH transmission repetitions and latency.
The decision of using the ordinary RB-based or the proposed sub-PRB/CDMA based PUSCH resource allocation should be based on the radio conditions for a UE, the amount of uplink data to be transferred from a UE and traffic situation in the network, which are all highly dynamic and can change in different TTIs. Therefore, the eNB must be able to choose any one of the scheduling methods dynamically.
RB-based and sub-PRB/CDMA based resource allocation for PUSCH transmission is dynamically configured.
In the uplink data grant it is indicated whether the grant is for sub-PRB/CDMA based transmissions.
The existing PUSCH TBS tables only support RB based resource allocation and need to be updated when sub-PRB/CDMA based resource allocation is being introduced. This can be done in two ways. One is to define a new TBS table to support sub-PRB/CMDA based resource allocation. The other solution is to update the existing TBS table (for example, to scale down the existing TBS table with a factor M where M is the number of split resources per PRB).
A new TBS table is introduced or the existing ones are updated to support PUSCH sub-PRB/CDMA allocation.
RRC configuration
In the legacy uplink data transfer procedure, the UE detects an uplink data grant and uses the assigned frequency-time resource (in terms of RBs) for PUSCH transmission. In the scenario of increased PUSCH spectral efficiency, where multiple MTC devices are multiplexed into the same PRB, the UE needs additional sub-PRB or CDMA information to identify the allocated PUSCH resource within a PRB. Such information should also be indicated by the uplink data grant.
Besides that, there is also a need for RRC configuration, to better support the feature. This is for the following two reasons.
Firstly, the eNB needs to indicate Rel-15 MTC devices whether they shall monitor the DCI format associated with ‘increased PUSCH spectral efficiency’ or not.
Secondly, depending on the design decision from RAN1, the eNB could use different PUSCH resource splitting options. For example, a sub-PRB allocation could consist of different number of continuous subcarriers, or a CDMA solution can use different spreading factors. A UE cannot interpret PUSCH resource allocation without such information. However, it is very costly to indicate this static/semi-static information in every uplink data grant.
For the above reasons, new RRC configuration should be introduced. The RRC configuration should include:
Whether the feature of ‘Increased PUSCH spectral efficiency’ is enabled or not
PUSCH resource split information. The exact content depends on RAN1 design decision.

Introduce RRC signaling to enable/disable the feature to provide eMTC UEs with PUSCH sub-PRB allocation/CDMA information.

Conclusion
In this contribution, we analyze the impact of ‘increased PUSCH spectral efficiency’ on RAN2 and come to the following conclusions:
1. A new UE capability is defined for Rel-15 for increased PUSCH spectral efficiency. 
1. RB-based and sub-PRB/CDMA based resource allocation for PUSCH transmission is dynamically configured.
1. In the uplink data grant it is indicated whether the grant is for sub-PRB/CDMA based transmissions.
1. Introduce RRC signaling to enable/disable the feature to provide eMTC UEs with PUSCH sub-PRB allocation/CDMA information.

In Section 2, we have the following observations:
1. In random-access procedure if the eNB knows whether the UE supports increased PUSCH spectral efficiency, e.g. context fetch, sub-PRB or CDMA based scheduling can be used as early as msg5 transmission.
1. A new TBS table is introduced or the existing ones are updated to support PUSCH sub-PRB/CDMA allocation.
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