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1. Introduction
In RAN1#88bis meeting, the following agreement was achieved ‎[1]:
Agreements:
· 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.

This document investigates and identifies the conditions in which a multi-user MIMO (MU-MIMO) system, within the MTC architecture, increases the UL spectral efficiency compared to a single-user MIMO (SU-MIMO) system of the same number of eNB antennas. Additionally, to support the selection of MU-MIMO, it introduces a method of decreasing the corresponding control (DCI) information required to enable the MU-MIMO transmissions and provides estimates of the UL spectral efficiency improvement together with total (UL and DL) spectral efficiency improvement. 
2. Discussion

Generally, SU-MIMO schemes use beamforming to adjust the transmission to the channel conditions of a specific UE so that the resulting/effective SINR of the transmissions is improved. The SINR improvement is proportional to the available antennas of the eNB given that MTC devices receive and transmit using a single antenna. 
On the other hand, MU-MIMO is a scheme which allows spatial multiplexing of a number of UEs in the same time/frequency resources enabling resource re-use which can lead to spectral efficiency improvement. This improvement is proportional to the available antennas of the eNB. Beamforming (either in the DL or UL) in this case is used to manage interference caused by the users grouped for MU-MIMO. 
Given the above, SU-MIMO shall be a preferred scheme over MU-MIMO for devices in poor channel conditions due to the benefit of the SNR improvement which allows uplink transport blocks to be transmitted using less repetitions and/or resource blocks. An UL transmission with MU-MIMO would require more repetitions to achieve the effective SNR of a SU-MIMO transmission, or more resource blocks to transmit the same transport block. This is shown in the low SNR region (SNR < -4 dB) of Figure 2 and Figure 3.

Observation 1: SU-MIMO is a preferred transmission scheme over MU-MIMO in terms of spectral efficiency in lower SNR regions and for larger transport block sizes.
However, there are conditions where MU-MIMO is a sufficient transmission technique in terms of achievable SNR, i.e. it is not required to increase the number of repetitions, and a specific transport block can be transmitted using the same amount of PUSCH resources compared to SU-MIMO. In these SNR regions the selection of MU-MIMO can lead to significant spectral efficiency improvements proportional to the MU-MIMO system rank. This is shown in the higher SNR region (SNR > -4 dB) of Figure 2 and Figure 3. For smaller packet sizes, MU-MIMO can be beneficial even in lower SNR regions, e.g. see Figure 1.
Observation 2: MU-MIMO is a preferred transmission scheme over SU-MIMO in terms of spectral efficiency in higher SNR regions and for smaller transport block sizes.
According to the above, and given the anticipated large amount of MTC devices within a cell and the fact that these devices require relatively lower transport block sizes, the MU-MIMO scheme is a fitting transmission scheme to enable spectral efficiency improvement, especially for higher MU-MIMO system ranks. 

Proposal 1: Consider up to rank 8 MU-MIMO as method for improving the UL spectral efficiency for both CEmodeA and CEmodeB MTC devices and identify required specification updates.
Decreasing the total control information of MU-MIMO
Due to the limited throughput requirements of IoT-like devices (such as Cat-M1), there can be cases where the corresponding control information becomes comparable to the actual data information size. Thus, downlink resources (MPDCCH) which are required to support the control information of a large amount of MTC devices can significantly limit the total available data resources (PDSCH). 
UEs grouped for parallel MU-MIMO transmissions in most of the cases share exactly the same time and frequency resources, something which basically translates to having the same resource allocation (RA) information in the corresponding DCIs. 
We can realise that the data streams of MU-MIMO users can be configured in a manner which results to additional common transmission characteristics. This can occur by performing SINR balancing of the data streams through power allocation management at the eNB prior to the UL (or DL) MU-MIMO transmission. By doing this, the eNB ensures that the resulting SINRs of the codewords are somewhat identical, thus common transmission characteristics can be selected for these codewords, additionally to the RA information, such as MCS, and number of repetitions.
By performing the above, a large portion of the control information is common for the MU-MIMO grouped UEs. Thus, there is no need to transmit the entire DCI message to each UE separately. Instead, the MU-MIMO grouped UEs can retrieve this common control information from the same DCI resources.
Observation 3: MU-MIMO SINR balancing can result to common transmission characteristics of the MU-MIMO grouped users allowing them to access the same DCI (MU-DCI) resources to retrieve this common control information.
Observation 4: The combination of UL MU-MIMO and the use of common MU-MIMO DCI can improve the overall (DL and UL) spectral efficiency. 
Proposal 2: Discuss the option of introducing a MU-MIMO DCI as a method of reducing the required MU-MIMO control information and improving the overall spectral efficiency.
3. Conclusion

According to the discussion above we reached the following observations and proposals:

Observation 1: SU-MIMO is a preferred transmission scheme over MU-MIMO in terms of spectral efficiency in lower SNR regions and for larger transport block sizes.
Observation 2: MU-MIMO is a preferred transmission scheme over SU-MIMO in terms of spectral efficiency in higher SNR regions and for smaller transport block sizes.
Observation 3: MU-MIMO SINR balancing can result to common transmission characteristics of the MU-MIMO grouped users allowing them to access the same DCI (MU-DCI) resources to retrieve this common control information.
Observation 4: The combination of UL MU-MIMO and the use of common MU-MIMO DCI can improve the overall (DL and UL) spectral efficiency. 
Proposal 1: Consider up to rank 8 MU-MIMO as method for improving the UL spectral efficiency for both CEmodeA and CEmodeB MTC devices and identify any required specification updates.
Proposal 2: Discuss the option of introducing a MU-MIMO DCI as a method of reducing the required MU-MIMO control information and improving the overall spectral efficiency.
References

[1] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #88bis,Spokane, USA, 3rd – 7th April 2017.
Annex A
The simulations presented in this section compare the spectral efficiency between SU-MIMO and the proposed MU-MIMO scheme. 
The uplink spectral efficiency improvement percentage is calculated as:

	[image: image1.png]UL Spectral Ef ficiency Improvement (%) = 100

SU_-MIMO
(vascﬂ

MU—MIMO
Novsca




	


where [image: image4.png]SU—MIMO
NPUSL‘H




 and [image: image7.png]MU —MIMO
NPUSL‘H




 are the number of PUSCH PRBs used for the transmission of the K UEs packets when using SU-MIMO and MU-MIMO, respectively.  The uplink spectral efficiency improvement measures the benefit of the MU-MIMO scheme.
The overall spectral efficiency improvement percentage is calculated as:
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 are the number of control (MPDCCH) and information (PUSCH) PRBs used for the transmission of the K UEs packets when using SU-MIMO and MU-MIMO, respectively. The overall spectral efficiency improvement measures the benefit of the MU-MIMO scheme together with the proposed DCI reduction method.
Table 1 Simulation configuration
	Parameter
	Value
	Parameter
	Value

	Number of UEs, K
	{2, 4, 8}
	DCI
	Format 6-0B

	Number of eNB antennas
	{2, 4, 8}
	Bandwidth
	10 MHz

	Number of UE antennas
	1
	Channel estimation
	Ideal

	SU-MIMO beamformer
	Zero Forcing
	Channel 
	AWGN

	MU-MIMO beamformer
	Zero Forcing
	IP packet size
	{100, 504, 900}


Figure 1, Figure 2, and Figure 3 show the uplink and overall spectral efficiency improvement for different MU-MIMO ranks for packets sizes of 100, 504 and 900, respectively.
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Figure 1 Uplink and overall spectral efficiency improvement for a packet size of 100 bits.
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Figure 2 Uplink and overall spectral efficiency improvement for a packet size of 504 bits.
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Figure 3 Uplink and overall spectral efficiency improvement for a packet size of 900 bits.
