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1
Introduction
The study item “enhanced performance requirement for LTE UE” is approved in RAN plenary #53 [1].  Some of the study working assumptions are agreed in R4-115496 [2] in last RAN4 meeting.  In [3] and [4], we provided our initial views on simulation assumptions on advanced UE receivers. This contribution provides some discussions and further views on the link simulation aspect for the enhanced UE SI. 
2
Baseline UE Receiver and Interference Assumptions

The baseline receiver of the enhanced UE shall be the MMSE receiver with IRC capability.  Generally, the receiver shall use the estimate of the interference covariance matrix to mitigate the dominant interference.  This type of receiver shall be beneficial for general LTE deployment. The details of interference profiles for typical LTE deployments to be used for link level simulations shall be the output of the system simulation study and our input on DIP and rank distributions can be found in [5].  
3
Discussion on Link Simulation Assumptions

3.1
Transmission Mode
Compared with TM2 (transmit diversity) and TM3 (open loop), TM4 usually has better performance in many deployment scenarios and consequently TM4 is widely deployed in the field.  Study of the performance improvement from advanced receivers for TM4 is strongly motivated. From simulation point of view, it is required in the SI document [1] that interference with different precoders and ranks should be used to generate realistic inter-cell interference modeling. TM4 transmissions at both the interfering cells and the desired cell can naturally meet this requirement. 
On the other hand, enforcing rank restriction on the interfering cells and/or the desired cell a priori makes it more difficult to conduct both link and system simulations under consistent assumptions, and more importantly it may lead to biased results that are not representative of what is expected in the field. From system simulation, properly chosen test cases at different geometries with rank adaptation can be used to evaluate the performance of the advanced UE receivers at cell edge and/or cell center [5]. From that, we see advantages of using TM4 over TM6.
The introduction of the DM-RS and CSI-RS based transmission mode 9 (TM9) has lately received very much attention and is seen as the most dominant PDSCH transmission mode of the future. Consequently the study of TM9 is also strongly motivated. Also for DM-RS based transmission investigations, the neighbour cell interference should be modelled in the same way as the transmission in the target cell – namely TM9.
3.2
Interference Modeling

The number of interferers and their power distribution shall be based on the output of system simulation.  The DIP distributions as well as interference transmission rank can be found in [5].
The transmission modes of interferers shall be identical to the transmission modes of the serving cell as mentioned above.  That is, for CRS-based case, the interferers shall use TM4; and for DM-RS based case, the interferers shall use TM9.  The interferer data shall be modeled as random QPSK symbols (OFDMA Channel Noise Generator) with random precoder matrix and transmission rank per subband.
3.3
MIMO Configuration

As 2Tx is widely used in TM4 deployments, 2Tx for TM4 should be prioritized. In the foreseeable future, many deployments will not have 8Tx, so 4Tx for TM 4 and TM9 should be considered. 

The EVA channel model is included in the working assumption from last meeting.  As antenna correlation and antenna polarization are not modeled in the tap delay channel such as EVA, we need to think about the mapping of antenna configuration in system simulation to link simulation. We propose to first agree on the antenna configurations in system simulation, and map them to the low, medium and high MIMO correlation matrices in link simulation if the EVA channel model is used.  
3.4
UE Feedback and resource allocation
In 36.101[6], 6 PRB precoding granularity with  feedback delay at 8 ms  and periodicity at 1ms with PUSCH mode 1-2 has been used in RAN4 tests. It is beneficial to also use the same setup in the study of the advanced UE receiver in order to grasp the frequency selective precoding opportunity for the UE of interest also in the related performance evaluations. 
It seems reasonable to assume that the probability of receiving full band allocation for UE at cell edge is low, especially with frequency selective scheduling at eNB.  While UEs at higher geometries may get more subbands in an assignment each time. Tradeoff needs to be exercised between realistic system modeling and the modeling load, i.e. different number of simulation cases. Given our proposal of using 6 PRBs as the feedback granularity, we can fix resource allocation at 6 PRBs to reduce the combination of simulation scenarios. We are also open for other choices on the resource allocation. 
3.5
Performance Metrics

Link simulation shall provide throughput for each test case as specified by interference profile with/without the advanced UE receiver.
3.6
UE Performance Testing Setup

The setup of UE performance testing with multiple interferers can be illustrated in Figure 1.  The serving cell information bits are modulated and transmitted with desired transmission mode (TM4 or TM9).  The MIMO channel shall simulate the MIMO fading channels.  Interferers are modeled as random QPSK symbols (OCNG) with independent fading channels, random transmission rank and precoders.  The interferer power setting provides power profiles for all interferers to achieve the desirable interference scenario.  The output of system simulation study of [5] shall drive the interferer power setting for suitable power parameters.
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Figure 1    UE Performance Testing Setup
4
Conclusions

The working assumptions of Scenario 1 (CRS based) are listed in Table 1.  For comparison purpose, the agreed assumptions of R4-115496 are also listed.
Table 1    Working Assumptions of CRS-based TX mode

	Parameter
	Scenario 1 (CRS based) (agreed assumptions from R4-115496)
	Scenario 1 (CRS based)

Proposed

	Carrier frequency
	2 GHz
	

	System bandwidth
	10 MHz
	

	Transmission mode on Serving cell
	FFS
	TM4

	Transmission mode on interference cell
	FFS
	TM4

	Number of transmission ranks for interference signals

% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe. Frequency granularity is FFS
	Randomly changing from subframe to subframe. Frequency granularity is 1PRB. 

Rank distribution based on system simulation outputs

	MIMO configuration
	FFS
	TM4 2x2 and TM 4  4x2  

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed for between cells
	

	CRS configuration
	2 CRS 
	2 CRS for 2 Tx, 4 CRS for 4 Tx

	CSI-RS configuration
	None
	

	PCFICH
	CFI = 2
	

	H-ARQ
	8 HARQ processes and max 4 transmissions
	

	UE feedback configuration
	FFS
	PUSCH 1-2, delay at 8 ms and periodicity at 1ms, 6 PRBs granularity 

	Target MCS
	Fixed MCS
	

	PCFICH/PDCCH detection
	Not considered
	

	Resource allocation
	FFS
	

	Cyclic prefix
	Normal
	

	Simulation length
	10000 sub-frames at minimum
	


The working assumptions for Scenario 2 (DM-RS based) are listed in Table 2.
Table 2    Working Assumptions of DM-RS based transmission

	Parameter
	Scenario 2 (DM-RS based) (agreed assumptions from R4-115496)
	Scenario 2 (DM-RS based)

Proposed

	Carrier frequency
	2 GHz
	

	System bandwidth
	10 MHz
	

	Transmission mode on Serving cell
	FFS
	4Tx TM9 

	Transmission mode on interference cell
	FFS
	4Tx TM9 

	Number of transmission ranks for interference signals

% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe. Frequency granularity is FFS
	Randomly changing from subframe to subframe. Frequency granularity is 1 PRB. 

Rank distribution based on system simulation outputs

	MIMO configuration
	FFS
	TM9 4x2 

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed for between cells
	

	CRS configuration
	2 CRS 
	

	CSI-RS configuration
	None
	

	PCFICH
	CFI = 2
	

	H-ARQ
	8 HARQ processes and max 4 transmissions
	

	UE feedback configuration
	FFS
	PUSCH 1-2, delay at 8ms and periodicity at 5 ms, 6 PRBs granularity 

	Target MCS
	Fixed MCS
	

	PCFICH/PDCCH detection
	Not considered
	

	Resource allocation
	FFS
	

	Cyclic prefix
	Normal
	

	Simulation length
	10000 sub-frames at minimum
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