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1
Introduction

In RAN1#82, the specification work on FD MIMO has been started. In this contribution we are discussing further aspects related to the system operation when advanced receivers are used in FD MIMO.
2
FD MIMO operation
FD MIMO is envisioned to increase tremendously the spatial domain multiplexing of UEs in a single cell. This is possible based on the utilization of narrow beams, each creating a vertical/horizontal sub-sector also called cell specific beams (using elevation/azimuth domain beamforming) as shown in Figure 1. Non-neighboring beams may be multiplexed spatially, as they are close to orthogonal spatially and hence users in these sectors may use the same time/frequency resources as well as reference symbols. We also note that users switch between cell-specific beams on relatively long-term basis. On top of that, users within each beam may be further multiplexed through typical MU-MIMO technology where users are scheduled to use the same PRB with different beamforming, based on short term PMI precoding. For example, polarization diversity might be available within the beam. For this to hold, it may be needed, in addition to narrow beams, to utilize orthogonal DMRS positions. For an easier discussion, we call those two spatial multiplexing methods as Beam-MU (multiplexing users using different cells specific beam) and PMI-MU (multiplexing users within the same cell specific beam based on their CSI (PMI or reciprocity based CSI)). 
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Figure 1: FD-MIMO beamforming

In practice, due to limited amount of reference-signals, the number of cell-specific beams is limited, while the width of a beam is limited by the size of the array. As a consequence, there is the high possibility that multiple UEs will report the same beam for their best upcoming transmission. Equivalently, the “load” on a certain cell specific beam will be much higher than others. Such load imbalance will greatly reduce the Beam-MU efficiency due to the empty of some cell specific beams. It is not possible to serve these multiple UEs with traditional methods of FD MIMO as one of the current principles is that only one UE is being served by one beam at a particular time and frequency resource. In the following we discuss how FD MIMO may benefit from presence of non-linear receiver at the user terminal.
3
Beam offloading
In the following discussion, several FD MIMO operation principles are assumed. During the previous RAN1 meeting, the association of a CSI process with K CSI-RS resources/configurations has been agreed. Although several details have to be further clarified, it is safe to assume that a UE could be configured with a CSI process consisting of multiple CSI-RS resources as well as multiple interference measurement resources. The UE is expected to perform RRM and/or CSI measurements based on the configured resources and report CSI feedback for one or more CSI-RS resources. The result of such reporting implies that the eNB has information, for each UE, of the best or a list of best CSI-RS resources/beams which may be used for transmission. To summarize (Table 1), for each UE the following information is configured and received by the eNB:
Table 1 information configured and received by the eNB

	
	CSI process configuration
	CSI feedback report

	UE#1
	<CSI-RS, CSI-IM> beam/config #1, 

<CSI-RS, CSI-IM> beam/config #2,
<CSI-RS, CSI-IM> beam/config #3

<CSI-RS, CSI-IM> beam/config #4

 …
	<CQI,PMI,RI>_Beam#1, <CQI,PMI,RI>_Beam#3, 

	UE#2
	<CSI-RS, CSI-IM> beam/config #1, 

<CSI-RS, CSI-IM> beam/config #2,
<CSI-RS, CSI-IM> beam/config #3

<CSI-RS, CSI-IM> beam/config #4

 …
	<CQI,PMI,RI>_Beam#2, <CQI,PMI,RI>_Beam#4, 


Typically the eNB is receiving only one CSI feedback report which is characterizing the best transmission conditions the UE experienced during the computation of the CSI feedback. However the UE has more information than it feeds back and such information may be used by the eNB. For example, when configured with multiple CSI-RS resources/configurations, the UE will evaluate these configurations (by means of RSRP or CQI, etc) and select the ones for which feedback needs to be computed. In other words, the UE has the ability to compute CSI feedback for best Nb CSI-RS configurations. For example Nb=2 in Table 1.
Let us consider the following example. In Figure 2 we present the CSI feedback information (in the left figure) and the scheduling decision of the eNB (in the right figure). Note that in Figure 2, for simplicity, we omit depicting more UEs as we focus, as an example, on feedback and scheduling for neighbor and potential interfering UEs. In Figure 2, by beam1 we understand the best reported choice by a particular UE, and the beam2 is the second best choice, etc, while #N, #M, #P are beam indices.
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Figure 2: (left) CSI feedback information, (right) scheduling decision in beam offloading.
It is well known that the beam-width is limited by the size of the array, and the number of beam-sectors is limited by the number of coexisting reference signals. Therefore, in practice, there will be scheduling instances where multiple UEs reported the same beam as their first choice for DL transmission as it is the case of UE1 and UE2 in Figure 2 who reported with CSI feedback the best #N. In this situation, the eNB needs to find alternative ways of assigning DL PDSCH in MU MIMO mode for these UEs in the same time. To do this, one may offload one UE to its second best beam and exploit the interference cancellation capability of advanced receivers. 

The main principle in advanced receivers is that a UE equipped with non-linear IC receiver is able to cancel PDSCH as long as the strength of the interferer is powerful enough so it enables the victim UE estimate the characteristics of the interfering UE. This is the case, when UE is served in its second best beam, while being interfered by signal in his best beam. Such operation is leveraging the Release 12 advanced receiver implementation. In our example from Figure 2, the UE1 and UE2 reported feedback according to Figure 2 left.  It is clear that both UEs cannot be served on their common primary beam #N while it turns out that the beam#P is not occupied. Therefore the UE2 is offloaded to the beam#P with network assistant signaling to aid the interference cancelation (NAICS) of the signal intended to UE1. The interference cancelation based on advanced receiver is necessary for UE2 as in terms of interference, the following scenario happens. While based on initial feedback both UE1 and UE2 reported same beam as best choice, the result of beam offloading is that the signal intended to UE1 becomes a strong dominant interferer to UE2, and this interference is clearly stronger to UE2 than its own signal transmitted on sub-optimal beam #P. Note that the gain mechanism in terms of system performance relies on the fact that instead of not scheduling UE2 at all, this is scheduled, in a rather opportunistic way compared to reported conditions by the UE2. It is expected that non-linear receiver will operate at high efficiency in such a scenario and the network will clearly benefit from serving both UEs at the same time. Furthermore, an eNB receiving feedback for these two particular UEs and beams #N and #P, will be able to predict efficiency and post-IC CQI of the secondary UE2. 
Another reason to offload the UE to its second best beam is MU-MIMO operation. An eNB serving two UEs in different beams might want to move one UE to the beam which is more orthogonal to the beam of the other UE. In this case, offloaded best beam is not occupied and interference cancellation is not needed. The offloaded UE performs interference presence blind detection.
To summarize the operation principles of FD MIMO and non-linear receiver. 
· The eNB is configuring one CSI process associated with K CSI-RS resource configurations (each consisting of CSI-RS and CSI-IM). 
· Each UE CSI feeds back the best Nb beams, such CSI feedback consisting of CQI/PMI/RI for each reported CSI-RS configuration. 

· The offloaded UE is configured in the demodulation stage with DMRS resources and corresponding signaling to perform PDSCH demodulation. When linking the DMRS configuration with the CSI-RS, the UE implicitly knows that it has been scheduled in non-best beam and interference cancellation needs to be turned ON. As pre-requisite, NAICS-like network assistance is configured to the UE (hence RRC configured), however the content of such message might be lighter than in NAICS as the signals are originating from the same eNB and hence there is same MBSFN configuration, same number of CRS ports, etc.

· Interference cancellation is performed at the UE similar as in NAICS, which is involving the similar blind detection mechanisms for interference presence, modulation order, yet simpler as for example TM blind detection is not needed.
Proposal: Consider to support advanced receiver operation for cancelling interference between cell specific beams (corresponding to multiple CSI-RS resources in same CSI process)

4
Conclusions

In this contribution we have been presenting views with respect to the utilization of advanced receiver in FD MIMO. The proposal is leveraging the advanced receiver interference capability designed in Release 12. Our proposal is as follows:
Proposal: Consider to support advanced receiver operation for cancelling interference between cell specific beams (corresponding to multiple CSI-RS resources in same CSI process).
References

[1] RP-151085, “New WID Proposal: Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, Samsung.
[2] RAN1#82 Chairman’s minutes.
