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1 Introduction
In 3GPP RAN #65 meeting, study item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. According to the SID [1], one of the key objectives of the study item (SI) is to identify/evaluate potential enhancements required for realizing multi-user spatial multiplexing (i.e. MU-MIMO). One of the key discussion points related to MU-MIMO is the specification support for channel state information (CSI) that allows the eNB to perform link adaptation when spatially multiplexing signals for different UEs. This contribution presents Samsung’s views on CSI enhancement for MU-MIMO.
2 CSI enhancement
Full Dimension MIMO is characterized by 2-dimensional antenna arrays and large number of TXRU’s. Dedicated TXRU’s feeding different antennas in the 2-dimensional antenna array allow the transmitted signal to be steered not only in the horizontal direction as in conventional multi-antenna systems but simultaneously in both the horizontal and the vertical direction. Such capability allows more flexibility in shaping beam directions from an eNB to a UE. Combining this flexibility with the large number of TXRU’s, an eNB would be able to direct its signals to a specific 2-dimensional location within a cell resulting in more energy being received at the UE side. Furthermore, when used for simultaneous transmissions to multiple UEs, the 2-dimesional antenna array and the larger number of TXRU’s can be utilized to separate the signals for different UEs. In other words, signal separation for MU-MIMO becomes more feasible allowing more UEs to be co-scheduled compared to what we have in conventional LTE systems.
In order to fully utilize the benefits of FD-MIMO, it is important that simultaneous transmission to multiple UEs using spatial separation is efficiently supported in the specification. However, currently in the LTE/LTE-A specification, UEs generate and report RI/PMI/CQI under the assumption of SU-MIMO transmission from the eNB. As a result, in order for an eNB to schedule multi-user spatial multiplexing, the eNB needs to recalculate RI/PMI/CQI taking into account the mutual interference between transmissions for different UEs. Since there is no support for efficiently measuring such interference, it is totally up to eNB implementation. 
Due to the lack of specification support, it is highly likely that there will be discrepancy in the assumption made by the UE in generating SU-CSI and the actual multi-user spatial multiplexing channel status. Such discrepancy leads to the so called ‘CQI mismatch’ which happens in case of multi-user spatial multiplexing when there is a mismatch in the MCS level scheduled by the eNB and the MCS level that is adequate for the UE. In other words, the RI/PMI/CQI which is recalculated in eNB side for MU-MIMO transmission would be different from what the UE would prefer in an actual multi-user spatial multiplexing. The CQI mismatch results in sub-optimal system performance either due to underutilized wireless resources (scheduled MCS too low for channel) or overly aggressive link adaptation (scheduled MCS too high for channel).
A number of approaches for efficient multi-user spatial multiplexing have been discussed in the past LTE releases, which could be a starting point for CSI enhancement. Such proposals include the following:
· MU-CSI reports computed under MU hypothesis
· MU interference measurements

MU-CSI reports computed under MU hypothesis
One approach is to pre-define a set of co-channel precoders for each codeword in the codebook [2]. Such precoders can reflect the orthogonal dimension to the selected precoder and capture an average MU-CQI that is likely to be seen in eNB scheduling. An example is given in the table below.
Table 1: pre-define a set of co-channel precoders for each PMI direction in Rel-8 codebook.
	SU MIMO rank-1 PMI
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Interfering rank-1 PMIs assumed for CQI calculation
	1, 2,
3
	2, 3,
0
	3, 0,
1
	0, 1,
2
	5, 6,
7
	6, 7,
4
	7, 4,
5
	4, 5,
6
	9, 10,
11
	10, 11, 8
	11, 8,
9
	8, 9,
10
	13, 14, 15
	14, 15, 12
	15, 12, 13
	12, 13, 14



While this scheme allows each UE to provide additional CSI which reflects MU transmission there are limitations in its application. If the eNB chooses a co-scheduled interfering precoder that is different from the one used in the MU-CSI computation, the eNB will be faced with another CQI mismatch problem. There could be a number of reasons that motivate an eNB to take this course of action. One reason could be the lack of UE pairs that satisfy the conditions summarized in Table 1 during the instance of downlink scheduling at the eNB. 
Another approach for MU-CSI is to have a UE report two sets of PMI/CQI, one for single user transmission and the other for multi-user transmission [3], [4]. This could be realized if the relevant PMI definition and the indication whether a CSI process is for MU or SU are specified.
The proposals outlined above all target enhanced feedback when multi-user spatial multiplexing is implemented in the network. If one of these MU-CSI reports under MU hypothesis is agreed, there would be a number of issues that require further discussions and clarifications for specification work to begin. 

MU interference measurement
In Rel-11, TM 10 UEs can be configured with multiple NZP CSI-RSs and multiple interference measurement resources (IMR) which result in multiple CSI processes. With multiple CSI processes, it would be possible to measure for different channel and interference situations. For example, the eNB could configure two CSI processes with one restricted to rank 1 (or 2) and the other without restriction. With such configuration, the eNB can utilize rank-restricted feedback for MU-MIMO, and non-rank-restricted feedback for SU-MIMO.
While rank restriction on CSI for mimicking MU-CSI can be implemented without additional specification support, the difficult part is to take into account multi-user interference in generating such CSI. The IMR introduced in Release 11 is quite flexible in that the network can project any interference on the IMR REs. For example, the network could project multi-user interference on the IMR REs such that the UEs generate CSI while taking into account multi-user interference. However, in the current RAN1 specification, there is no restriction on the time interval over which interference measurement is taken. Therefore, it is impossible for the eNB to know which interference projection was taken into account when a UE makes a CSI report. In order to enable a more accurate measurement of MU-CQI which reflects both network and UE implementations, modified IMR can considered. For example, if a specific time-frequency window for interference measurement is defined, the network could reflect multi-user interference into the specific time-frequency resource and UE could measure/report MU-CQI in a transparent manner. One potential downside for such an approach is that an additional CSI process and hence additional uplink overhead might be necessary.
To further improve MU interference measurement, MU SINR obtained during the demodulation process of MU-MIMO transmissions can be utilized. The MCS level adequate for a MU-MIMO UE corresponds to the MU SINR. However, this MU SINR information is not available at the time of eNB’s scheduling according to the current specification. In case the eNB intends to keep the MU scheduling pair for the UE for a while, the MU-SINR obtained at the UE side during the demodulation process will be a useful information at the eNB for the future MU MCS selection. 
Observation:
· Multiple CSI processes with different rank restrictions can be reused to support of multi-user spatial multiplexing with minimal or no specification impact.
· Modified IMR with a well-defined time-frequency window for measurement could be considered to enable more accurate measurement of MU-CQI.
· [bookmark: _GoBack]MU SINR obtained through UE’s demodulation process may be useful for eNB’s MU MCS selection.
Given the fact that multi-user spatial multiplexing would be more frequent with FD-MIMO operation than the legacy LTE system, it would be desirable to study CSI feedback enhancement for MU transmission. It would be also beneficial if new approaches for MU-CSI other than the above can be discussed further during the course of the study item taking into account the 2D characteristics of the FD-MIMO system.
Proposal: MU-CSI for enabling efficient multi-user spatial multiplexing is a key area that needs to be carefully studied for FD-MIMO.
3 Conclusions
In this contribution, the following proposals for CSI enhancement are discussed
· MU-CSI reports computed under MU hypothesis
· MU interference measurement
Regarding MU-CSI reports computed under MU hypothesis, if one of these MU-CSI reports under MU hypothesis is agreed, there would be a number of issues that require further discussions and clarifications for specification work to begin. And regarding MU interference measurement, it observed that
Observation:
· Multiple CSI processes with different rank restriction can be reused to support of multi-user spatial multiplexing with minimal or no specification impact.
· Modified IMR with a well-defined time-frequency window for measurement could be considered to enable more accurate measurement of MU-CQI.
· MU SINR obtained through UE’s demodulation process may be useful for eNB’s MU MCS selection.
Given the fact that multi-user spatial multiplexing would be more frequent with FD-MIMO operation than the legacy LTE system, it would be desirable to study CSI feedback enhancement for MU transmission.
Proposal: MU-CSI for enabling efficient multi-user spatial multiplexing is a key area that needs to be carefully studied for FD-MIMO.
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