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1. Introduction

The WI on performance requirements of MMSE-IRC receiver for LTE BS has been approved at RAN #66 [1]. In our companion contribution [2], the first priority of the WI is proposed to be SIMO PUSCH to SIMO PUSCH collision under synchronous network. This contribution presents our initial views on reference receiver structure and link level simulation assumptions for SIMO PUSCH.
2. PUSCH reference receiver structure
The following description on reference receiver structure is copied from the WID [1]: “LTE BS MMSE-IRC receiver shall be assumed as the reference receiver structure for specifying the requirements. Demodulation RS based MMSE-IRC receiver can be considered as baseline, and practical and realizable implementation should be taken into account.” 
In this section, we give our views on the system equations of Rel-8 baseline receiver and MMSE-IRC receiver for PUSCH. 
For cell 0, the NRx
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NTx channel matrix from the UE scheduled by cell i to cell 0, 
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The recovered NTx
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2.1. MMSE receiver: baseline receiver
For Rel-8 baseline receiver, the MMSE receiver weight matrix is expressed as follow:
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where 
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denote the estimated channel matrix and noise power, respectively. 
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 is the transmission power of the UE scheduled by cell 0 and is equal to 
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2.2. MMSE-IRC receiver
LTE BS MMSE-IRC receiver is assumed as the reference receiver structure for specifying the enhanced demodulation performance requirements. MMSE-IRC receiver can suppress inter-cell interference as well as intra-cell interference when the degrees of freedom at the receiver are sufficient, i.e., the number of receiver antennas at BS is higher than the number of desired data streams. The MMSE-IRC receiver weight matrix is expressed as follow:
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where 
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denote the estimated channel matrix and covariance matrix, respectively.
To obtain the MMSE-IRC receiver weight matrix, the covariance matrix including the sources of inter-cell interference needs to be estimated. According to the WID, demodulation RS (DMRS) based covariance matrix estimation can be considered as baseline. In this contribution, two methods for DMRS based covariance matrix estimation are given below. 
2.2.1. Method 1: MMSE-IRC receiver

In method 1 for MMSE-IRC receiver, the covariance matrix is estimated at DMRS REs by following equation:
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where 
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2.2.2. Method 2: MMSE-IRC receiver with enhanced covariance matrix estimation
Let 
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denote the set of cells collocated with cell 0 and M denote the number of cells contained in set 
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. If cell 0 is a macro cell, M = 2; if cell 0 is a LPN cell, M = 0. For an interfering UE scheduled by cell m (m
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), assume that cell 0 knows its transmission parameters like DMRS configuration and transmission mode, and cell 0 is able to estimate the interference channel matrix. So the covariance matrix is estimated at DMRS REs by following equation: 
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It is observed that for macro UEs, the method 2 of MMSE-IRC receiver implies more accurate interference covariance matrix estimation and better demodulation performance, without any additional request on X2 exchange or network signaling.
Proposal 1: Consider MMSE-IRC receivers without and with the enhanced covariance matrix estimation respectively in equation (1) and (2) as candidate reference receiver structures. 
2.2.3. Time and frequency averaging periods
The time and frequency averaging periods have impact on the interference covariance estimation accuracy. Generally speaking, the increased averaging period could improve the covariance estimation accuracy, if the interference statistic is not changed within the considered period. In practical, the scheduling results in terms of UE id and TM in the interfering cell, depending on eNB implementation, may vary among TTIs and RBs. For the reference receiver used for simulation result calibration, it is proposed to assume the worst case of time and frequency averaging periods, i.e., 1 TTI in time domain and 1 RB in frequency domain. 
Proposal 2: For the reference receiver used for simulation result calibration, assume the averaging periods in time domain and frequency domain are 1 TTI and 1 RB respectively.
3. PUSCH link-level simulation assumptions
Link-level simulation will be conducted to evaluate the gain of PUSCH MMSE-IRC receiver. In this section, some initial views on link-level simulation assumptions are given.
Fixed reference channels or link adaptation

Link-level simulation with link adaptation (AMC) could show the overall performance gain of MMSE-IRC receiver. However, there are also some disadvantages with link adaptation, e.g., increases the simulation efforts needed, hard to distinguishable the performance gain brought by MMSE-IRC receiver and link adaptation optimization, difficult to align simulation results among companies. So we propose to use fixed reference channels for evaluating the gain of MMSE-IRC receiver.
Proposal 3: Use fixed reference channels.

Antenna configurations
In our companion contribution [2], it is proposed that 1Tx SIMO is given higher priority than 2Tx MIMO for both target PUSCH and interference PUSCH. Thus we first consider 1Tx antenna. Regarding the Rx antenna number, 2, 4 and 8 Rx antennas are covered in the existing PUSCH performance requirements. 
Proposal 4: First consider antenna configurations of 1Tx 2Rx, 1Tx 4Rx and 1Tx 8Rx for target PUSCH and interference PUSCH.
Number of explicitly modeled interferers
When deciding the number of explicitly modeled interferers, the tradeoff between MMSE-IRC performance gain and test complexity should be considered. More specifically, we need to compare link-level simulation results for BS MMSE-IRC with 1, 2, or more explicit interferers, and consider the total number of channel faders needed in the test. In addition, allow to model different numbers of explicit interferers for different Tx/Rx antenna configurations if needed.
Proposal 5: If needed, allow to model different numbers of explicit interferers for different Tx/Rx antenna configurations, taking into account MMSE-IRC performance gain and test complexity.
4. Conclusions
This contribution presented our initial views on reference receiver structure and link level simulation assumptions for PUSCH MMSE-IRC.
Two proposals are given w.r.t. the reference receiver structure:
Proposal 1: Consider MMSE-IRC receivers without and with the enhanced covariance matrix estimation respectively in equation (1) and (2) as candidate reference receiver structures. 
Proposal 2: For the reference receiver used for simulation result calibration, assume the averaging periods in time domain and frequency domain are 1 TTI and 1 RB respectively.
Three proposals are given w.r.t. link-level simulation assumptions: 
Proposal 3: Use fixed reference channels.

Proposal 4: First consider antenna configurations of 1Tx 2Rx, 1Tx 4Rx and 1Tx 8Rx for target PUSCH and interference PUSCH.
Proposal 5: If needed, allow to model different numbers of explicit interferers for different Tx/Rx antenna configurations, taking into account MMSE-IRC performance gain and test complexity.
5. References
[1] RP-142223, “New WI on performance requirements of MMSE-IRC receiver for LTE BS,” China Telecom, Huawei, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CHTTL, Telecom Italia, ZTE, China Unicom, CATT, Samsung, Potevio, Ericsson, Nokia Networks, TeliaSonera, SK Telecom, CMCC, CATR, KT, RAN #66, Dec 2014.
[2] R4-150253, “High-level views on performance requirements of MMSE-IRC receiver for LTE BS,” China Telecom, RAN4 #74, Feb 2015.
1

_1484284126.unknown

_1484284134.unknown

_1484284138.unknown

_1484284142.unknown

_1484284144.unknown

_1484284145.unknown

_1484284146.unknown

_1484284143.unknown

_1484284140.unknown

_1484284141.unknown

_1484284139.unknown

_1484284136.unknown

_1484284137.unknown

_1484284135.unknown

_1484284130.unknown

_1484284132.unknown

_1484284133.unknown

_1484284131.unknown

_1484284128.unknown

_1484284129.unknown

_1484284127.unknown

_1484284118.unknown

_1484284122.unknown

_1484284124.unknown

_1484284125.unknown

_1484284123.unknown

_1484284120.unknown

_1484284121.unknown

_1484284119.unknown

_1484284114.unknown

_1484284116.unknown

_1484284117.unknown

_1484284115.unknown

_1484284112.unknown

_1484284113.unknown

_1484284111.unknown

