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Discussion and decision
1. Introduction
At RAN#59, the study item on “Network-Assisted Interference Cancellation and Suppression for LTE” [1] was approved and aims in the first phase in RAN1 on the identification of deployment scenarios and co-channel inter- and intra-cell interference conditions for evaluating interference cancellation or interference suppression receivers.
At RAN1#72bis and RAN4#66bis, major progress has been made on the agreed scenarios and evaluation assumptions in [2, 3]. In this contribution we discuss modelling methodology for MU-MIMO simulations and the corresponding transmission modes of interest.
2. Intra-cell interference modelling
As also stated in the SID, intra-cell and inter-cell interference should be considered in the studies. But of course we also need to consider if the UE of interest is supposed to operate the network assisted receiver in connection with (any) control channel or if the focus is on PDSCH decoding of the UE. As proposed in [4], NAICS studies should focus in the first phase of the SI on PDSCH decoding, as this will indicate the upper bound on gains that can be achieved from network assistance in UE receiver operation. A careful analysis of the resulting PDSCH decoding performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other channels.
Hence, in the remainder of this contribution we will consider only NAICS for data channels, i.e. PDSCH decoding. Progress has been made already during RAN4#66bis on methodology for inter-cell interference modelling [3], but the modeling of intra-cell interference is still open. Therefore, we focus here on intra-cell interference only. 
Looking at PDSCH, the following sources of intra-cell interference could be present:

A. SU-MIMO interference: Own, inter-stream/transport block interference consisting only of own PDSCH interference. 
B. Rel. 8-11 MU-MIMO interference: Another co-scheduled UE is receiving PDSCH from the same cell & transmission point (having same CRS & CSI-RS positions, quasi-co-location given). 

C. Intra-cell CoMP (Scenario 4) type of interference: Besides PDSCH interference, different transmission points might use different CSI-RS configurations. As a consequence, besides the classical PDSCH to PDSCH interference also some CSI-RS to PDSCH interference might occur. A different quasi-co-location behavior for own data channel and interfering data channel might be present. 
Thinking about own, SU-MIMO interference, any kind of information that could be thought of is already available at the UE as such, as the UE anyhow will need to be able to decode both transport blocks. As a consequence, any receiver enhancements envisioned for SU-MIMO operation (in terms of inter-stream interference considerations) can be done without any further network assistance and specifications impact. As a consequence, we suggest:

Proposal 1: Do not consider further assistance for SU-MIMO in terms of inter-stream interference cancelation capabilities as part of this study item, as no additional network assistance is needed nor could be provided on top of information the UE has available based on to Rel. 8-11 specifications.
Comparing now “traditional” MU-MIMO (PDSCH for co-scheduled UEs transmitted from the same TP) with intra-cell CoMP, i.e. CoMP Scenario 4, the differences lie in the fact of the potentially different CSI-RS configurations, the issue of quasi-colocation as well as the potential time-frequency offset of the co-scheduled UEs PDSCH. The effect of a different quasi-co-location assumption for intra-cell CoMP will be always present – but different (combined ZP & NZP) CSI-RS configurations are a matter of choice in the network configuration. Therefore, focusing on MU-MIMO PDSCH to PDSCH interference seems to be the more generic case as such. Moreover, the target of the study item is to investigate the potential gains of NAIC, and larger gains can be expected for assuming the MU-MIMO transmission to originate from the same TP as the signals are in perfect time-frequency sync. Therefore, we propose to focus in the intra-cell interference investigations on MU-MIMO transmission from the same TP. 
Proposal 2: Focus the intra-cell interference considerations in the SI on the case of Rel.8-10 MU-MIMO, i.e. the multi-user interference is transmitted from the same eNB/TP, as only PDSCH to PDSCH interference needs to be considered and the signals are in perfect time-frequency-sync resulting in the highest potential gains. 
2.1 Transmission mode for MU-MIMO operation and supported combinations
Rel. 9-10 transmission modes significantly extend MU-MIMO capabilities compared to Rel-8 transmission modes, and hence we understand that the focus of RAN4 studies on MU-MIMO operation should focus on DM-RS based TMs. Given the agreement in RAN1#72bis that CoMP is not baseline for evaluation of NAICS, we propose that TM-9 is used as baseline TM for evaluation of MU-MIMO with NAICS.

For MU-MIMO transmission with TM-9, the main aspects influencing link-level modeling are:

1) Mapping to antenna ports and DM-RS scrambling in case of TM9

2) Precoding weights (discussed in the next subsection)
3) Number of streams in desired signal and interference signals

4) Power allocation

For 2 TX antennas at the eNB, MU-MIMO transmission implies the transmission of two streams, each intended for one particular UE. For 4 TX antennas the number of options is larger, as different combinations of DM-RS antenna port mappings and UE scrambling IDs are possible. However, for linear receivers with 2RX antennas, there are only two degrees of freedom to process the desired signal and interfering signals, in which case there is very limited room for additional receiver processing in case the desired signal is rank-2 already. 

In a typical MU-MIMO operation, a precoder operation is applied at the eNB such that the received power of the desired stream is much stronger than that of the interfering stream, for example ZF precoding. Such processing affects the capability to estimate the interferer’s channel, which impacts performance of both linear and non-linear receivers. In a MU-MIMO operation with more than 2 streams transmitted in total, it is required that at least one of the streams is sharing an antenna port with another stream, separated only by the scrambling ID. In this case, it is even more critical that good separation of the desired and interfering streams is ensured by the ZF precoder at the eNB, with the consequence that the potential for extra receiver processing is reduced, including non-linear processing. Hence, in order to concentrate the evaluations on the cases where NAICS are more likely to provide a benefit such that we can assess its full potential, we propose to focus evaluations of MU-MIMO transmissions on rank-1 transmission to each co-scheduled UE, with a maximum of two co-scheduled UEs.

Given the proposals above, the power allocations is naturally addressed as a consequence of the fact that only two single-stream transmissions are sharing the same PDSCH resources, in which case it is reasonable to assume the power to be equally shared between both streams. Moreover, with such simulation assumptions, it is natural to expect eNB to operate MU-MIMO with rank-1 PMI reporting by the UEs. In order to limit the number of simulations, we propose to assume for MU-MIMO simulations that PMI reporting by UE is limited to rank equal to 1. 

Proposal 3: TM-9 is the baseline transmission mode for evaluation of MU-MIMO transmissions under this SI. Focus evaluations rank-1 transmission to each co-scheduled UE, with a maximum of two co-scheduled UEs using even power distribution and DM-RS antenna ports 7 & 8, respectively. PMI reporting is assumed to be limited to rank-1 reporting by eNB.
2.2 MU-MIMO precoding assumptions
It is desirable that the methodology for interference profiles for MU-MIMO evaluation are aligned with the methodology used for other evaluations in this SI, and hence we propose to follow a similar methodology as used in Rel-11 studies on MMSE-IRC receivers. However, certain aspects of MU-MIMO operation have to be taken into account when evaluating the corresponding interference profiles, as the precoder is not expected to follow directly the feedback given by the UE, but rather to be a function of the channels fed back by the selected MU-MIMO pair.

With DM-RS transmission modes, the eNB is naturally free to adopt any precoder strategy it desires, in which case it is not possible to predict the applied precoder even in case the CSI feedback information for a selected pair of UEs is known. For the sake of simplicity in the studies, it is desirable to define a reference precoder operation for the eNB based on CSI feedback provided by the UEs, in which case well-known linear ZF precoding could be assumed as baseline precoder methodology applied at eNB. 
In principle, ZF precoding can be applied as long as the channels between the eNB and each of the MU-MIMO paired UEs are not equal. However, the maximum beamforming gain to each UE is achieved when the channels between the eNB and each of the MU-MIMO paired UEs are orthogonal to each other. The inner product between two elements vj and vk of 2TX and 4TX codebooks are given by:

· 2TX: vjH * vk ({0, 0.7071, 1}
· 4TX: vjH * vk ( {0, 0.2706, 0.5, 0.6533, 0.7071, 1} 

In order to capture the performance of MU-MIMO operation, simulations should consider the possibility of pairing UEs reporting PMIs with different inner product values. However, simulations need to take into account that in a practical system the combinations of PMI vectors allowed by the scheduler might be limited to an inner product pmax<1. For example, if pmax=0.5, only orthogonal PMIs are acceptable for MU-MIMO pairing with 2TX antennas, while a larger range of PMIs are acceptable for MU-MIMO pairing with 4TX antennas. Hence, we propose the following:
Proposal 4: Simulations should take into account the possibility of pairing UEs reporting PMIs whose inner product is low (i.e. quasi-orthogonal) or medium. The PMI of the interfering UE in a MU-MIMO pair is selected randomly with the condition that its inner product with the own reported PMI is less than a pre-defined value pmax . The exact value of pmax depends on the scheduler implementation and it is FFS. The precoder weights for desired signal and the interfering UE are then computed using well-known ZF precoder. 
2.2 Interference profiling considering both intra-cell and inter-cell interference
The study of the NAICS shall follow a similar approach as the MMSE-IRC study in [1], which focused on the generic receiver over macro-cell network. The first step is to use system simulation to derive the interference profile at the UE receiver side. The interference profile is then used to drive link simulation study based on agreed baseline receiver model for potential link level performance gain. The interference profile shall include the DIP (dominant interferer proportion) ratio distribution, which determines the strength of interferers.

In the MMSE-IRC TR 36.829 [1], two types of DIP interference profiles are used. The DIP profile is either based on the median values of the DIP distribution conditioned on geometry G=0dB and geometry G=-3dB or -2.5dB, or based on the weighted average throughput gain, which will be a set of DIP profiles. Two interferers were captured for link level study for MMSE-IRC in [1]. The DIP profiles of NAICS scenarios and the modelling of partial resource utilization conditions are discussed in a companion contribution [5].
Since the DIPs are defined as average energies per transmission point / cell, the MU-MIMO interferer power in the DIP profile would be the same as for desired signal (assuming non-CoMP scenarios). Hence, the simplest way to include effect of MU-MIMO interference into the modelling framework adopted in [1] would be as follows:
· Use the same DIP profiles and partial RU modeling for inter-cell interference, as in the studies concentrating on inter-cell interference.
· On top of this add the MU-MIMO interference from the same transmission point, with the same power as desired signal, but with the precoding applied according to ZF scheme.
Proposal 5: Intra-cell interference originating from MU-MIMO transmission should be included in the same framework for DIP profiling as the one used in TR 36.829. The MU-MIMO interference from the same transmission point should be added with the same power as the desired signal, but with the precoding applied according to ZF scheme. 
It should be noted that given the pre-defined range for the inner product between the PMIs reported by the co-scheduled UEs, it suffices to model a single CSI feedback process and related scheduling, while the precoding can be based on a random choice of the co-scheduled UEs PMI feedback, as described in Section 2.2. 

Observation 1: It suffices to model a single CSI feedback process and related scheduling, while the precoding can be based on a random choice of the co-scheduled UEs PMI feedback, within a pre-defined set of allowed combinations of UE reported channels. 
3. Conclusions
In this contribution, we discuss modelling methodology for MU-MIMO simulations and the corresponding transmission modes of interest. Based on the discussions, we make the following observations and proposals:
Proposal 1: Do not consider further assistance for SU-MIMO in terms of inter-stream interference cancelation capabilities as part of this study item, as no additional network assistance is needed nor could be provided on top of information the UE has available based on to Rel. 8-11 specifications.

Proposal 2: Focus the intra-cell interference considerations in the SI on the case of Rel.8-10 MU-MIMO, i.e. the multi-user interference is transmitted from the same eNB/TP, as only PDSCH to PDSCH interference needs to be considered and the signals are in perfect time-frequency-sync resulting in the highest potential gains. 

Proposal 3: TM-9 is the baseline transmission mode for evaluation of MU-MIMO transmissions under this SI. Focus evaluations rank-1 transmission to each co-scheduled UE, with a maximum of two co-scheduled UEs using even power distribution and DM-RS antenna ports 7 & 8, respectively. PMI reporting is assumed to be limited to rank-1 reporting by eNB.
Proposal 4: Simulations should take into account the possibility of pairing UEs reporting PMIs whose inner product is low (i.e. quasi-orthogonal) or medium. The PMI of the interfering UE in a MU-MIMO pair is selected randomly with the condition that its inner product with the own reported PMI is less than a pre-defined value pmax . The exact value of pmax depends on the scheduler implementation and it is FFS. The precoder weights for desired signal and the interfering UE are then computed using well-known ZF precoder. 

Proposal 5: Intra-cell interference originating from MU-MIMO transmission should be included in the same framework for DIP profiling as the one used in TR 36.829. The MU-MIMO interference from the same transmission point should be added with the same power as the desired signal, but with the precoding applied according to ZF scheme.
Observation 1: It suffices to model a single CSI feedback process and related scheduling, while the precoding can be based on a random choice of the co-scheduled UEs PMI feedback, within a pre-defined set of allowed combinations of UE reported channels.
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