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1. Introduction
In the RAN Plenary meeting #53 a new study item on enhanced performance requirements for LTE UE was approved [1]. The objectives of this study item include:

· Identify realistic deployment scenarios, traffic models, interference models, and performance metrics to evaluate the performance of advanced receiver to mitigate inter-cell interference.
· Study and evaluate feasibility and potential gain by advanced receiver at link and system levels.
In past, enhanced performance requirements were also developed for HSDPA, covering the evaluation and development of related system and link level modelling, findings summarized in [2]. In this contribution we present some discussion related to aspects to be accounted when determining the assumptions to be used for link and system level evaluations. Proposal for reference receiver to be used in link and system level evaluations is given in [3].
2. Deployment scenario considerations
In order to derive meaning full performance analyse results on either system or link level, the assumed underlying deployment scenario needs to be agreed. In studies done in RAN4 in past, for UTRAN and E-UTRAN, macro deployment has been widely used [4]
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[5]. As it is expected that deployments similar to the macro deployment scenario utilized in earlier studies and evaluations carriers some merit from it generality perspective, it would seem reasonable to utilize this scenario also in studies related to LTE UE enhanced performance requirements as the macro scenario is still the most dominant deployment scenario in operators networks. 
There has been a lot of discussion lately in area of Heterogeneous Network (HetNet) deployments [6]. As it could be expected that in HetNet type of scenarios the interference mitigation benefits would be more prominent it would seem beneficial to also consider them under the study item.  

Proposal: 1. Consider in the study typical macro deployment used also in earlier evaluations and in addition to relevant HetNet scenarios. Further scenarios could be studied after these if seen necessary.

3. Interference modelling

The accuracy of interference modelling effects greatly to the validity of the performed analyses and later to the robustness of the performance requirements. As the reference receiver used in evaluations does not mandate any specific implementation and also the performance requirements created should also be forward compatible, the interference model should be defined in sufficient detail. In context of studies done in UTRAN, various details were accounted in the final model used in link level simulations. In this section we try to cover some assumptions that may effect to final outcome of the evalautions.
Network synchronisation level assumptions

In earlier LTE evaluations, both asynchronous and synchronous scenarios have been considered for example in scope of mobility requirements related analyses. As the synchronisation level assumed will effect to the performance seen, it would seem important to consider both, synchronous deployments for FDD & TDD and also asynchronous deployments specifically for  FDD. 
Synchronous deployment is relevant in the scope of latest discussion, as network synchronization has been assumed already with respect to Rel. 10 enhanced inter-cell interference coordination (eICIC) studies. It also can be expected that the gains of advanced receivers are more pronounced for synchronous deployments. It however would still appear to be valid to consider asynchronous deployments as well in context of the FDD macro and HetNet deployment scenarios in addition to the synchronous assumption.
Proposal: 2. Consider the network synchronisation level assumption. Discuss whether focus in general should be on only synchronous network deployments in the link and system level investigations or whether additionally asynchronous deployment should also be considered for the FDD macro and HetNet deployment scenario.
Traffic model, scheduler and system load

The frequency and time domain characteristics of the interference seen are greatly affected by the assumed load and scheduling approach. Considering fully loaded system with constant EPRE in time and frequency domain, is likely to lead similar scenario as seen in earlier UTRAN. However, as full load is not seen as a viable operation points for stable system operation, accounting some time and frequency domain variation in the load affected by flexible frequency domain packet scheduling would seem important. The varying interference in a partially loaded system with FDPS also effects on the number of dominant/relevant interfering cells that would need to be modelled in context of link simulations. In addition, the transmitted signal from a single interfering cell would need to be modelled in a frequency selective way, considering the effect of interfering eNBs scheduling decisions to the interference structure (used & un-used PRBs). 
Furthermore in order to estimate the impact of interference rejection also to end-user throughput in different scenarios, limited FD allocation (allocation< full transmission bandwidth) could be considered also in the link level evaluations.
Proposals and Observations: 
4. The following aspects should be taken into account in the link level performance evaluations:
· Limited PRB allocations for the UE due to non-finite buffer and FPDS

· Frequency variation of  interference due to FDPS operation and <100% system load in the aggressor cells

5. Number of interfering eNBs to be explicitly modelled may be depending on the assumed system load

Transmission mode(s)

Precoded multi-antenna transmission is one of the cornerstones of LTE DL operation. The possibility to adopt the advanced DL multi-antenna operation to the spatial characteristics of the mobile radio channel results in dramatic throughput increase for the overall system as well as especially for cell-edge UEs. This variation in the PDSCH transmission in terms of used precoding, number of spatial layers for spatial multiplexing etc. combined with FDPS would need to be accounted for in the related link level investigations, in order to assess the performance and define requirements accounting different types of interference seen in practical deployments.

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. We don’t see any real difference on decoding operation between the DM-RS based transmission modes TM7, TM8 and TM9, the investigations could be correspondingly limited to TM9. Nevertheless, the overhead created by DM-RS and CSI-RS does not justify its operation for deployments with 2 TX antennas at the eNB, which seem to be nowadays still the most dominant FDD deployment scenario with respect to antenna setups. Therefore, it is of great importance to not just restrict the investigations to DM-RS based PDSCH decoding (ie. TM7-9), but also consider the most dominant transmission mode for CRS based precoded transmission, namely TM4. 

Proposals and Observations: 
· SU/MU-MIMO operation resulting in varying sources and rank of interference 
5. 
Focus on TM4 and TM9 PDSCH decoding performance in the investigations related to enhanced UE performance.
6. Performance metrics

In terms or evaluating the performance benefit obtained from interference aware receivers, we see that the focus in first phase should be in the improvement seen in the system performance and end-user experience. Therefore  following metrics are proposed to be considered to be evaluated in system level studies:

· Throughput distribution

· Distribution (preferred) or 5%/50%/95% percentiles

· Spectral efficiency 

· Per eNB, per MHz
7. Conclusion
In this contribution we have discussed different aspects that would need to be accounted when evaluating the system and link level performance benefits of advanced receivers. Following proposals were made:
1. Consider in the study typical macro deployment used also in earlier evaluations and in addition to relevant HetNet scenarios. Further scenarios could be studied after these if seen necessary.

2. Consider the network synchronisation level assumption. Discuss whether focus in general should be on only synchronous network deployments in the link and system level investigations or whether additionally asynchronous deployment should also be considered for the FDD macro and HetNet deployment scenario.

3. The following aspects should be taken into account in the link level performance evaluations:

· Limited PRB allocations for the UE due to non-finite buffer and FPDS

· Frequency variation of  interference due to FDPS operation and <100% system load in the aggressor cells

4. Number of interfering eNBs to be explicitly modelled may be depending on the assumed system load

5. Focus on TM4 and TM9 PDSCH decoding performance in the investigations related to enhanced UE performance.
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Annex

The assumptions from [6]:
5.1.3
Typical Radio Parameter Configurations

The recommended simulation parameter values are based on TS36.814 [4] and are shown in the following Table 5.1.3-1.

Table 5.1.3-1.  Basic radio configurations for the HetNet mobility simulation

	Items 
	Macro cell 
	Pico cell

	ISD (NOTE 1)
	1.732 km, 500m 
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors(NOTE 2)
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m  
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern  
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	2.0Ghz/ 10Mhz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Minimum distance
	The same requirements as specified in TR 36.814 [4].

	
	


NOTE 1: 
0.5km ISD is used for calibration simulations

NOTE 2: 
In the Table 5.1.3-1, the number of pico cells in the sector of interest is 1. For the large area system simulation, the number of pico cells could be a variable

NOTE: 
In the large area system simulation, the number of pico cells within a macro cell is FFS 

