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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

With the wider usage of mobile applications like cloud services, social networking and point to point video/file sharing, uplink traffic load is becoming much heavier, and LTE uplink throughput improvement tends to be an essential and practical requirement for operators. 

LTE uplink is interference limited in typical networks, and co-channel interference has substantial impact on uplink cell average and cell edge throughput. Base station (BS) MMSE-IRC receiver can bring in significant SINR gain over MMSE receiver by suppressing the inter-cell interference, in both homogeneous and heterogeneous networks, as concluded in TR 36.884 [2]. The RAN4 demodulation performance requirements for BS MMSE-IRC receiver are completed at RAN #72 meeting in June 2016 [3] [4]. 

Further evolution of BS receiver, such as interference cancellation (IC) receiver, can be considered to mitigate the intra-cell inter-user interference. In the intra-cell inter-user interference scenario where multiple users are co-scheduled on the same resource elements, BS IC receiver is expected to achieve noticeable throughput gain for cell centre and cell edge users.
Note that the utilization of BS IC receiver is transparent to the users, and the performance gain of BS IC receiver can also be enjoyed by legacy users.
To study the performance benefits of BS IC receiver, a new study item "Study on interference cancellation receiver for LTE BS" was approved at RAN #73 [5], and the current document summarizes the study done under this study item.
1
Scope

The study item should fulfil the following objectives:
· Identify the target deployment scenarios and the co-channel intra-cell interference conditions. The following scenario is to be considered:

· Intra-cell inter-user interference scenario where multiple users are co-scheduled on the same resource elements.

· Identify the reference receiver structures for PUSCH 
· Receiver structures based on interference cancellation is considered as a starting point, and practical and realizable implementation should be taken into account.

· Agree on the interference models, interference levels and simulation parameters for link level evaluations
· Evaluate the link-level gain for PUSCH over baseline receiver
· Evaluate the link-level gain over baseline Rel-8 MMSE receiver for intra-cell inter-user interference scenarios.

· The prioritization of number of Rx antennas will be discussed and decided in study phase.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 36.884: "Performance requirements of MMSE-IRC receiver for LTE BS".
[3]
3GPP TSG RAN RP-150206: "Revised WID: Performance requirements of MMSE-IRC receiver for LTE BS".
[4]
3GPP TSG RAN RP-160767: "Status report for WI: Performance requirements of MMSE-IRC receiver for LTE BS".
[5]
3GPP TSG RAN RP-161485: "New SI: Study on interference cancellation receiver for LTE BS". 
<Text will be added>
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

BS
Base Station
CW-IC
Code Word Level Interference Cancellation
DIP
Dominant Interferer Proportion
DM-RS
Demodulation Reference Signal
IC
Interference Cancellation
MCS
Modulation and Coding Scheme
MMSE-IRC
Minimum Mean Square Error - Interference Rejection Combining
PRB
Physical Resource Block

PUSCH
Physical Uplink Shared Channel

RB
Resource Block
RNTI
Radio Network Temporary Identity
TTI
Transmission Time Interval

UE
User Equipment
4
Scenarios and targeted/interference channels
4.1
Deployment scenarios 

To estimate the link gain that intra-cell inter-user interference cancellation (IC) receiver of LTE/LTE-A BS can provide, the following two scenarios are considered for evaluation. The two scenarios as shown in Figure 4.1‑1 are similar to those in [2] for BS MMSE-IRC receiver.
-
Scenario 1: Homogeneous deployment with macro cell only

-
Scenario 2: Heterogeneous deployment with co-channel low power node (LPN) within the macro cell coverage
[image: image3.emf]
(a) BS IC Scenario 1: Homogeneous network   (b) BS IC Scenario 2: Heterogeneous network
Figure 4.1-1: LTE BS IC Scenarios
For the target cell in the above deployment scenarios, assume K UEs are co-scheduled on the same time and frequency resource, as illustrated in Figure 4.1-2. BS IC receiver can be utilized to cancel the co-channel intra-cell interference among the K UEs.
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Figure 4.1-2: Illustration of K intra-cell co-scheduled UEs
4.2
Targeted and interference channels 

On the evaluation of BS IC receiver for PUSCH, it was agreed that:

-
The evaluation focuses on PUSCH to PUSCH collision.

-
For both target PUSCH and interference PUSCH, 1Tx UE scenario is prioritized and 2Tx UE scenario is not covered.
5
Receiver structure

In the present document, the baseline and reference receiver structures for PUSCH are assumed as follows:
· MMSE-IRC receiver is used as the baseline receiver.
· Code word level IC (CW-IC) receiver is used for intra-cell inter-user interference mitigation in the reference receiver.
· At the target BS, full knowledge of the intra-cell inter-user interference parameters is available, including interfering PUSCH allocation, MCS level, HARQ redundancy version, RNTI, DM-RS configuration, etc.

· IC iteration may or may not be performed.

· In multi-cell scenario, for both baseline and reference receivers, implement inter-cell interference and noise whitening, i.e., inter-cell interference suppression with MMSE-IRC with the following assumptions as defined in TR 36.884 [2]:
· DM-RS symbols are used to estimate the inter-cell interference covariance matrix.

· The estimation of interference covariance matrix is performed at per PRB and per TTI basis.

6
Link performance characterization
<Text will be added>

6.1
Parameters for link level evaluation
6.1.1
Inter-cell interference modeling

As stated in clause 4.1 and clause 5, multi-cell scenario with homogeneous and co-channel heterogeneous deployments are considered for the evaluation, and inter-cell interference suppression with MMSE-IRC is implemented for both baseline and reference receivers. Thus explicit inter-cell interference is to be modelled in the link level evaluation.

The inter-cell interference model for the link level evaluation is given as below:

· Reuse DIP based interference statistical measurement defined in TR 36.884 [2], with some additional clarifications:

· Intra-cell inter-user interference is not included in the DIP definition, and the DIP ratio is the ratio of the power of a given dominant inter-cell interferer over the total power of all inter-cell interferers along with the white noise.

· The DIP ratio is exactly same for the multiple intra-cell UEs.
· Model 1 inter-cell interferer (i.e., the strongest interferer), which is time-synchronous with the desired signal.

· To make trade-off between the coverage and workload of the evaluation, introduce two sets of inter-cell interference profiles:

· Set 1: High interference level in co-channel heterogeneous scenario
· Take the DIP1 value at 85%-tile of the unconditional DIP1 distribution in heterogeneous scenario
· Based on the average of interested companies’ results in Table 6.3.2.2-1 or Table 6.4-2 of TR 36.884 [2], DIP1 = -0.43 dB
· Set 2: Low interference level in homogeneous scenario
· Take the DIP1 value at 15%-tile of the unconditional DIP1 distribution in homogeneous scenario
· Based on the average of interested companies’ results in Table 6.3.1.2-1 of TR 36.884 [2], DIP1 = -5.45 dB

6.2
Link level simulation results
6.3
Summary of link level evaluation
7
Conclusions
<Text will be added>
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