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Introduction
In the RAN1#89 meeting, the following agreements were made on increased PUSCH spectral efficiency [1].
	Agreement:
· 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.


[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we analyze above techniques and share our considerations on increased PUSCH spectral efficiency for efeMTC.
Discussions
Based on the agreements made in the RAN1#89, there are 4 alternative techniques which can be used for increased PUSCH spectral efficiency: 
· Alt 1: Sub-PRB allocation 
· Alt 2: CDMA 
· Alt 3: Increased DMRS density
· Alt 4: Support for switching between LTE and NB-IoT air interfaces
For Alt 1, UEs are multiplexed in the same PRB by different subcarriers in the frequency domain. With the maximum transmission power on less subcarriers for UEs with large coverage enhancement, the power spectral density can be improved which will improve the channel estimation. Then the spectral efficiency will be improved. 
In Rel-13, sub-PRB resource allocation has been specified for NB-IoT. It will be easy to add such a scheme for MTC. So the specification efforts will be less to support sub-PRB resource allocation for efeMTC.   
Observation 1:
· Sub-PRB resource allocation can have minimum specification impact

For Alt 2, UEs are multiplexed in the same PRB by different codes spreading over multiple subframes [2]. It is similar to the OCC (orthogonal cover code) design for PUCCH format 1/1a/1b/3. This Alt needs the same spreading factor for the multiplexed UEs which will bring constraints on eNB’s scheduling. In addition, there is an issue of near-far problem for Alt 2. In Rel-13/14, for MTC UEs with large coverage enhancement, the maximum transmission power is used for PUSCH transmission. In order to solve the issue of near-far problem, the received power of CDMed UEs should also be almost same at eNB side. Moreover, in mode B, one typical situation is that UEs transmit their data with the maximum transmit power, and the received power difference between UEs inevitably occur due to the pathloss difference. Therefore, inter-user interference cannot be ignored which causes performance degradation.
Observation 2:
· CDMA is not suitable due to specification impact and near-far problem.

For Alt 3, the improvement on UL capacity is limited because only one UE can be allocated in one PRB. From the email discussion on “Draft WID for Even Further Enhanced MTC for LTE” for RAN#75 meeting, we know the purposes for increased PUSCH spectral efficiency in Rel-15 is to increase UL capacity. So in the RAN1#89 meeting, it was proposed to use Alt 3 together with Alt 1 or Alt 2 to increase UL capacity. 
In the RAN1#80 meeting, simulation results were summarized in the section 3.3 of [3]. Based on the simulation results, the RAN1#80 meeting made the following agreed observation [4]:
	For 18db gain and SF ave of 1 and 4, 7 of 8 companies’ results shows that increasing DMRS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DMRS had no effect.



As far as we know the coverage enhancement target for MTC is 15 dB, so increased DMRS density had no effect.
Observation 3:
· Increased DMRS density has been evaluated in Rel-13, and we cannot find the performance gain.
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Proposal 1:
· Sub-PRB resource allocation without increased DMRS density should be supported for increased PUSCH spectral efficiency.

For Alt 4, it is only available for UE supporting both eMTC and NB-IoT air interfaces. For UE not supporting NB-IoT air interface, the specification efforts are still needed for increased PUSCH spectral efficiency. If it is mandatory for Rel-15 MTC UE to support NB-IoT air interface, the UE’s complexity will increase. Therefore, we think support for switching between LTE and NB-IoT air interfaces is not considered for increased PUSCH spectral efficiency in RAN1 discussion.     
Proposal 2:
· Support for switching between LTE and NB-IoT air interfaces is not considered for increased PUSCH spectral efficiency in RAN1 discussion.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
· Sub-PRB resource allocation can have minimum specification impact.
Observation 2:
· CDMA is not suitable due to specification impact and near-far problem.
Observation 3:
· Increased DMRS density has been evaluated in Rel-13, and we cannot find the performance gain.
Proposal 1:
· Sub-PRB resource allocation without increased DMRS density should be supported for increased PUSCH spectral efficiency.
Proposal 2:
· Support for switching between LTE and NB-IoT air interfaces is not considered for increased PUSCH spectral efficiency in RAN1 discussion.
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