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1
Introduction

During RAN#55 plenary the study item (SI) on enhanced performance requirement for LTE UE [1] was closed. Then, it was agreed to start a corresponding work item (WI) on improved minimum performance requirements for E-UTRA interference rejection [2]. In this contribution we present high level views on the work item ahead with respect to scenarios and receiver structures based on conclusions of the study item [3]

 REF _Ref318976329 \r \h 
[4]. A proposed work plan for RAN4 is presented in a companion paper [5].
2 
Work item objectives
The work item description [2] lists the following detailed objectives to be considered:
· Specify the performance requirements for demodulation tests to verify that LMMSE-IRC gains are achieved by practical implementations. 

· Specify the baseline receiver and conformance test conditions to mitigate inter-cell interference following the conclusion of study item phase: 

· LMMSE-IRC receiver should be considered as baseline receiver structure targeting spatial domain interference mitigation

· Network deployment scenarios and interference modeling should be considered according to the conclusion and evaluation results of study item, e.g. DIP distribution number of interfering cells and synchronous network deployments. Note that further evaluation of DIP distributions conditioned to G=-2.5dB is additionally planned.

· Both CRS- and DM-RS based transmission modes should be covered on both serving and interfering cells. The detailed modes should be specified with test conditions.

· Complexity of interference modelling for the performance requirements and conformance testing shall be taken into account.

· Gains for asynchronous network deployments were not concluded in the study item phase due to the limited input contributions. The need for requirements covering asynchronous deployments may therefore be investigated in the WI phase.
From the description above, the work item ahead consists in specifying test cases and corresponding demodulation requirements for interference aware receivers based on LMMSE-IRC. Already considerable work was done in RAN4 during the study item phase in order reach consensus on the most relevant choice of options in terms of deployment scenarios, number of interferers, structure of the interference, as well as interference profiles themselves. We feel that RAN4 should build as much as possible on the conclusions of the study item [3]

 REF _Ref318976329 \r \h 
[4]

 REF _Ref318980951 \r \h 
[6] during the course of the work towards test case definitions and associated performance requirements. Therefore, to our view RAN4 should take as a starting point where the SI left the work, and strive at narrowing further down/refining the choice of parameters in order to arrive at test cases. Reopening a number of issues would incur a significant risk of delaying the work. However, the study item did not reach a conclusion on every item and open issues such as e.g. the choice of transmission modes or the need for requirements covering asynchronous deployments will be addressed during the upcoming work item phase.
Proposal 1: 
Take the conclusions of the study item as a starting point and based on that, strive at further narrowing down the number of options when working towards test case definitions.
We now briefly review the multicell interferer requirements which were added to verify the performance of a type 3i receiver in HSDPA. The main requirements are given in TS25.101, table 9.8B5 [15] as follows:

[image: image1]
From this, we can see that requirements are defined at a single DIP1/2 operating point, single geometry and QPSK fixed reference channel for the HS-PDSCH downlink channel. In total, 4 additional performance measurements are made under multi-cell conditions; two different propagation conditions and two HS-PDSCH power levels. In addition there are extensions of the requirement for multicarrier HSDPA (2,3,4 carriers).
Considering the LTE advanced receiver requirement, we think it would be similarly beneficial to keep to a relatively small number of cases which capture the essential aspects of receiver performance in a multi-cell environment, noting that all other demodulation requirements from Release 8-10 can still be applied to enhanced receiver UEs and that considerable receiver testing will additionally be performed in an AWGN environment. The HSDPA requirements also give an indication of the areas where the options could be narrowed, such as the number of DIP profiles necessary for receiver verification, relevant MCS to consider and so on. 

Although type 3i requirements are defined for multicarrier HSDPA, we believe that a single carrier LTE advanced receiver requirement may be beneficial when considering the practical test system complexity and because the carrier aggregation (CA) UE could reasonably be expected to duplicate a common advanced receiver implementation performing per component carrier processing. As we will see in the subsequent section, the number of faders may become quite large for LTE advanced receiver testing and it may be cumbersome even to use something similar to the HSDPA simplified testing method for multicarrier advanced receiver testing, especially considering that the more obvious and straightforward design is to use the same receiver architecture for processing each component carrier. We also note in this context that CA is not tested in conjunction with eDL-MIMO, eICIC etc and it may be important to keep carrier aggregation a somewhat independent dimension of test coverage especially in view of the large number of CA band combinations which are coming to RAN4.

Proposal 2: 
LTE advanced receiver requirements are defined using a single component carrier.
3 
Considerations on the initial steps under the WI
In the following, we provide considerations on the first steps upon the start of this work item, and express our views on several aspects such as the choice of reference receiver, scenarios and traffic models, transmit modes, number of interferers and DIP profiles.
Reference receiver

During the study item, interference aware receivers based on LMMSE interference rejection combining (IRC) were simulated at link and system level. For both CRS- and DM-RS based transmission modes it was shown that enhanced receivers with reference symbol (RS) based interference covariance estimation provide significant LTE throughput gains at low geometries for considered DIP ratios. No conclusions were made on data-based interference covariance estimation. However, the latter was investigated in one experiment [7] which showed that the performance of RS based estimation scheme outperforms that of data signal based estimation scheme and that the performance of the MMSE-IRC receiver is slightly degraded compared to the Rel.8 baseline receiver with the data-based scheme. Therefore, we propose that:
Proposal 3:
Consider an RS-based LMMSE-IRC reference receiver for further deriving the performance requirements.
Section 4.3 in the TR36.829 [4] provides the corresponding generic description of LMMSE-IRC receivers with CRS- and DM-RS based interference covariance estimation.
Transmission mode in serving and interfering cells

LMMSE-IRC receiver finds use in wide range of scenarios and scales efficiently across LTE transmission modes. Most of the initial network deployments of the LTE are expected to be based on TM3/TM4 over 2-Tx antennas at eNodeB. Transmit mode 9 (TM9) defined from Release 10 onwards builds upon a new paradigm with channel state information RS (CSI-RS) for CQI/PMI/RI determination and DM-RS for demodulation. It is worth noting that new transmission schemes to be developed as part of Release 11 and beyond are very likely to build further on the utilization of DM-RS. For these reasons, the study item evaluated gains in a dual-track manner, with both CRS and DM-RS modes included, the former covering current 2-Tx network deployments while the latter offering a future proof track for the evolution of LTE towards dedicated reference symbols in future network deployments with 4-Tx or more antennas at eNB and the deployment of eDL-MIMO. The work item description [2] provides similar guidance to ensure test case coverage for both CRS and DM-RS based transmission modes. Additionally, we make the following observations on the transmission modes themselves:

· TM2 and TM3 are open-loop modes, and their study could be justified as such besides closed-loop modes such as TM4/TM6 and TM9. However, we note that TM2 interference structure is different wrt. TM6 in the sense that it is coupled across two adjacent subcarriers. Hence, TM6 is slightly preferred in that respect. 
· A well-known drawback with CRS-based modes in general are CRS collisions: besides leading to pessimistic CSI reporting under partial network load, IRC gains may be reduced in practice because CRS REs do not carry the same spatial signature as precoded data in the interfering cell. DM-RS based processing is more appealing in that respect since DM-RS experience DM-RS interference from other cells which scales with data transmission (power, precoding) in those cells. Therefore, in order to identify/guarantee IRC gains in the actual test under CRS-based transmission it is proposed to focus on the case of non-colliding CRS between serving and interfering cell. This is the most relevant in practice under homogenous network deployment scenario with well-planned PCIs [8].
· TM9 will mostly operate over 4-Tx antennas (SU-/MU-MIMO), which means different structure of the interference compared to 2-Tx because of increased beamforming gain (i.e. so-called “flashlight effect”).
Proposal 4:
Test case(s) with CRS-based mode(s) assume non-colliding CRS between serving and interfering cells.
Proposal 5:
Consider TM2 and/or TM6 in serving cell in 2x2 antenna configuration to be covered by test cases.
Proposal 6:
Consider TM9 in serving cell with SU-MIMO transmission in 4x2 antenna configuration to be covered by test cases.
Details of transmission modes in interfering cells can be discussed afterwards. We discuss below other aspects of interference modelling.
Structure of the interference
The study item developed models for the structure of the inter-cell interference to be applied at link level in terms of:
· Number of interferers: Based on system level considerations and derived statistics on interference profiles, it was considered sufficient to model explicitly up to two interfering cells at link level [6]. It still needs to be discussed and clarified whether this is feasible from test complexity perspective, as instructed in the work item description. One should bear in mind that a 2x2 test setup with a total of three cells (1 serving + 2 interferers) implies a total of 2x2x3=12 channel faders whereas with a 4x2 antenna configuration the number of faders increases up to 4x2x3=24. In view of the objective in the WID to ensure that complexity of interference modelling for the performance requirements and conformance testing shall be taken into account, we think it would be useful for TE vendors in RAN4 to give feedback on the practical number of faders which can be accounted in the work. For multicarrier testing in HSDPA a similar problem arose; in that work the maximum number of faders which was considered feasible was 8 before certain simplifications may be applied. However, the simplifications used in HSDPA are more appropriate for multicarrier testing than for MIMO testing.
· Interferer PMIs/ranks: During the study item an agreement was reached to consider randomly changing PMI and transmission rank per subband from subframe to subframe as baseline. Rank distributions were studied at system level and it was found that 20% rank-2 probability is reasonable to assume in 2x2 configuration whereas in 4x2 case it is in the order of 30%. Choice of PMIs in interfering cells depends to a large extent on scheduling decisions, which are in turn specific to network implementation. From a UE perspective, one can only assume that precoding stays constant within a CQI reporting subband (and within one PRG for TM9). Therefore, assumptions made in this respect during the study item look reasonable. 
· Interferer MCS: Simulation assumptions in [6] do not specify the interfering signal structure in terms of modulation. Rather than considering distributions for the likelihood of each modulation order, we propose for simplicity to use randomly modulated symbols with a fixed modulation order. Random QPSK symbols were considered in reference [9], but 16QAM could also be considered if it is felt that an increased variability in the amplitude domain is preferable. This would most likely be modelled by OCNG in the test systems.
· Traffic model: Network load and traffic patterns directly relate to interference estimation and mitigation at the UE side and hence they play an important role in the overall receiver/demodulation performance. The study item focused on full buffer traffic as baseline assumption, mainly because of simplicity of modelling. When it comes to defining test cases and associated performance requirements, full buffer traffic is also more appealing because it most likely leads to higher gains of advanced receivers and thus guarantees that each UE satisfying the requirements effectively achieves LMMSE-IRC gains. Testing at a lower gain operating point is more risky from the perspective that it may lead to a requirement which a non-LMMMSE-IRC based receiver can still pass.
Proposal 7:
Clarify whether two explicitly modelled cells is feasible from test complexity perspective. 
Proposal 8:
Consider a maximum of two explicitly modelled interfering cells, similar to the study item.
Proposal 9:
Confirm random PMI & rank per subband and per subframe basis for interfering cells, similar to the study item.

Proposal 10: 
Choose fixed random modulation for the interfering cell signal such as QPSK or 16QAM.
Proposal 11: 
Assume full buffer traffic model for interfering cells in test case definitions.
DIP profiles

Dominant interferer proportions (DIP) were extensively investigated during the SI [4]. Both median DIPs and sets of DIP profiles conditioned to given geometry value were extracted from system level simulations and averaged among companies in order to obtain average statistics. Two values G = {-3, 0} dB were initially chosen as geometries of interest as these picture cell edge conditions assuming realistic cell selection (3dB handover margin). Because some simulation artefact was discovered, it was decided to replace G=-3dB by G=-2.5dB and further evaluation of DIP distributions conditioned to the latter value was additionally planned for RAN4#62bis [11]. RAN4 needs to agree on the interference profiles to be used in upcoming test cases. Based on the input from the SI, there are two options:

1. Consider median DIP values conditioned to G=-2.5dB or G=0dB;
2. Consider typical DIP profiles derived based on the average throughput gain methodology based on aggregated input from participating companies.
During the HSPA studies [13], it was felt that conditional median DIPs would offer a pessimistic view of the gains of LMMSE-IRC and on the contrary typical DIP values derived from a set of 20 representative profiles would provide a more realistic picture of IRC gains. Hence the latter approach should be preferred. The selection of typical DIP profiles at G=0dB is discussed in a companion paper [12]. A similar methodology for selection of DIP profiles at G=-2.5dB could also be considered once corresponding link level results based on average throughput gain from different companies have been considered in RAN4.
Proposal 12: 
RAN4 to make a decision on which set of DIPs to select for future work: typical DIP profiles derived based on the average throughput gain methodology or conditional median DIPs.
FRC parameters
Fixed reference channels (FRC) are applied in demodulation tests in TS36.101. Once RAN4 narrows down the choice and scope of test cases, FRC parameters can be discussed in more details. As a starting point, simulation assumptions in [6] offer a good basis for number of parameters. A down-selection of the number of considered MCS needs to be made. Propagation conditions (EVA5) could be reconsidered in the light of one the HSPA test cases assuming higher velocity, since advanced receiver algorithms should also show robustness to higher Doppler. Similar to the study item, focus should be kept on cell edge UEs at geometries of interest G=-2.5dB and/or G=0dB.
Proposal 13: 
The link level work should now assume fixed reference channels (FRC). A down-selection of the number of considered MCS needs to be made. 
Proposal 14: 
Discuss whether to consider propagation conditions with higher velocity.
Proposal 15:
Focus should be kept on cell edge UEs at geometries of interest G=-2.5dB and/or G=0dB.
Network timing assumption

The level of network synchronization has been discussed during the study item and synchronized network scenarios were assumed as baseline for conducted link level work. However gains for asynchronous network deployments were not concluded in the study item phase due to the limited input contributions [4]. The need for requirements covering asynchronous deployments may therefore be investigated in the WI phase. 
Bearing in mind that Rel-10/11 features like eICIC and CoMP assume synchronized network operation for TDD/FDD, we feel that one should continue relying on such assumption as baseline since most of the gains for advanced receivers are expected to be found under such assumption. A previous study in reference [14] concludes that even in asynchronous networks the synchronous interference component from other sectors within the same site is significant. We also note that RAN4 work and requirements have exploited so far to a large extent the commonality between TDD and FDD, which also justifies focusing on the synchronous case.
Proposal 16:
Start the work by focussing on synchronous network deployments. Continue studying the need for requirements covering asynchronous deployments.
4
Conclusions
In this contribution we shared our views with respect to the first steps of the work item on improved minimum performance requirements for E-UTRA interference rejection. Overall, to our view the spirit of the work is to build as much as possible on the framework developed during the study item phase. 
Main proposals are summarized below:
Proposal 1: 
Take the conclusions of the study item as a starting point and based on that, strive at further narrowing down the number of options when working towards test case definitions.
Proposal 2: 
LTE advanced receiver requirements are defined using a single component carrier.
Proposal 3:
Consider an RS-based LMMSE-IRC reference receiver for further deriving the performance requirements.
Proposal 4:
Test case(s) with CRS-based mode(s) assume non-colliding CRS between serving and interfering cells.
Proposal 5:
Consider TM2 and/or TM6 in serving cell in 2x2 antenna configuration to be covered by test cases.

Proposal 6:
Consider TM9 in serving cell with SU-MIMO transmission in 4x2 antenna configuration to be covered by test cases.
Proposal 7:
Clarify whether two explicitly modelled cells is feasible from test complexity perspective. 
Proposal 8:
Consider a maximum of two explicitly modelled interfering cells, similar to the study item.
Proposal 9:
Confirm random PMI & rank per subband and per subframe basis for interfering cells, similar to the study item.
Proposal 10: 
Choose fixed random modulation for the interfering cell signal such as QPSK or 16QAM.

Proposal 11: 
Assume full buffer traffic model for interfering cells in test case definitions.
Proposal 12: 
RAN4 to make a decision on which set of DIPs to select for future work: typical DIP profiles derived based on the average throughput gain methodology or conditional median DIPs.
Proposal 13: 
The link level work should now assume fixed reference channels (FRC). A down-selection of the number of considered MCS needs to be made.
Proposal 14: 
Discuss whether to consider propagation conditions with higher velocity.

Proposal 15:
Focus should be kept on cell edge UEs at geometries of interest G=-2.5dB and/or G=0dB.

Proposal 16:
Start the work by focussing on synchronous network deployments. Continue studying the need for requirements covering asynchronous deployments.
Annex A illustrates how the above proposals map to agreed simulation assumptions for the study item in reference [6].
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Annex

Table 1: Mapping of proposals in this contribution to simulation assumptions in reference [6].
	Parameter
	Scenario 1

(CRS based)

	Scenario 2

(DM-RS based)

	
	Proposal 4: Test case(s) with CRS-based mode(s) assume non-colliding CRS between serving and interfering cells.
	

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM2 and/or TM6
Proposal 5: Consider TM2 and/or TM6 in serving cell in 2x2 antenna configuration to be covered by test cases.
	TM9 with 1-layer transmission
Proposal 6:
Consider TM9 in serving cell with SU-MIMO transmission in 4x2 antenna configuration to be covered by test cases.

	Transmission mode on interference cell
	TM4
	TM9

	MIMO configuration
	2x2 and low correlation

	4x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EVA, 3km/h, 
Proposal 14: 
Discuss whether to consider propagation conditions with higher velocity.
Use different channel seed for between cells

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follow:

#10, #11, #12 for SINR = 0 dB, and #7, #8 ,#9 for SINR= -2.5 dB as baseline,

and outer-loop link adaptation by interested companies
Proposal 13: 
The link level work should now assume fixed reference channels (FRC). A down-selection of the number of considered MCS needs to be made.
Proposal 15:
Focus should be kept on cell edge UEs at geometries of interest G=-2.5dB and/or G=0dB.

	PMI for target signal
	Follow wideband PMI as baseline

Fixed wideband PMI by interested companies

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	MCS/ PMI transmission granularity and number of transmission ranks for interference signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.
Proposal 9:
Confirm random PMI & rank per subband and per subframe basis for interfering cells, similarly to the study item.
Randomly changing per sub-band per 10 msec periodicity by interested companies

Frequency granularity is 6 RBs

	
	80% for rank-1 and 20% for rank-2
	70% for rank-1 and 30% for rank-2

	Modulation in interfering cells
	Proposal 10: 
Choose fixed random modulation for the interfering cell signal such as QPSK or 16QAM.

	DIPs
	Proposal 7:
Clarify whether two explicitly modelled cells is feasible from test complexity perspective.

Proposal 8:
Consider a maximum of two explicitly modelled interfering cells, similarly to the study item.

Proposal 12: 
RAN4 to make a decision on which set of DIPs to select for future work: typical DIP profiles derived based on the average throughput gain methodology or conditional median DIPs.

	Traffic model in interfering cells
	Proposal 11: 
Assume full buffer traffic model for interfering cells in test case definitions

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 RBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


Table 9.8B5: Enhanced requirement type 3i QPSK at � EMBED Equation.DSMT4  ���= 0 dB, Fixed Reference Channel (FRC) H-Set 6/6A


Test Number�
Propagation Conditions�
Reference value�
�
�
�
HS-PDSCH�� EMBED Equation.DSMT4  ��� (dB)�
T-put � EMBED Equation.DSMT4  ��� (kbps) *�� EMBED Equation.DSMT4  ���= 0 dB


DIP1 = -2.75 dB


DIP2 = -7.64 dB


(Note 1)�
�
1�
PB3�
-6�
691�
�
�
�
-3�
1359�
�
2�
VA30�
-6�
661�
�
�
�
-3�
1327�
�
Note 1: 	Ioc/Ioc’ is computed based on the relations shown in C.5.3. (Information only Ioc/Ioc’ = -5.27 dB) 


Note 2: 	The reference value R is for the Fixed Reference Channel (FRC) H-Set 6


Note 3: 	For Fixed Reference Channel (FRC) H-Set 6A the reference values for R should be scaled (multiplied by 2)


Note 4: 	For Fixed Reference Channel (FRC) H-Set 6B the reference values for R should be scaled (multiplied by 3)


Note 5: 	For Fixed Reference Channel (FRC) H-Set 6C the reference values for R should be scaled (multiplied by 4)�
�
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