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1
Introduction
In RAN1#67, the Release 11 study item on Downlink MIMO Enhancements for LTE-Advanced was finalised [1]. During these studies, several CSI feedback enhancement methods were proposed and supported by system simulations with diverse and deviating simulation assumptions, despite the fact that baseline simulation assumptions had been agreed. Release 12 work targets at investigating further DL MIMO enhancements [2], and the very first discussion point is related to the identification of reasons for diverse performance evaluation results in the SI stage. The simulation assumptions are also to be revisited. In this contribution we address these very first topics. 

2
Identification of reasons for diverse evaluation results
In RAN1#67, 14 companies presented system performance results for Scenario A, 11 companies for Scenario C1 and 10 for Scenario C2. To see the overall picture, we collected the number of companies presenting results for different enhancements, for different scenarios, in Table 1. We can see that double codebook, PUSCH 3-2 and IRC have been investigated/considered by the majority of companies. Also, some combinations of enhancements are having more simulation support than others.
Table 1: Enhancements and number of companies investigating these.
	Enhancement(s)
	# of companies investigating (A/C1 /C2)

	Double codebook
	9 / 7 / 7

	PUSCH 3-2
	10 / 9 / 8

	IRC receiver
	8 / 4 / 4

	Double codebook + PUSCH 3-2
	8 / 6 / 6

	PUSCH 3-2 + IRC receiver
	6 / 3 / 3

	Double codebook + PUSCH 3-2 + IRC receiver
	4 / 2 / 3


In Table 2 we present average gains of the results presented in RAN1#67. Although baseline scenarios and simulation assumptions to be used in these evaluations were agreed [3], the results do not share the same set of assumptions. For example, some of the results advertising MU-CQI, or additional CQI enhancements, have different receiver assumptions, different UE location ratios or different assumptions in channel estimation. The only common denominators are the simulated scenarios (A, C) and Tx antenna setup (XPD 0.5). This of course makes the comparison of the enhancements very difficult. 
Table 2: Averaged gains across all presented results based on various simulation assumptions.
	Results having:
	Average SE [%] 
(A/C1/C2)
	50% percentile point [%]
	5% percentile point [%]

	Double codebook, PUSCH 3-2, IRC receiver, etc
	11.79/ 8.07 /8.41
	14.31/ 9.63 /11.26
	9.71 / 7.19 / 9.82


As we can see from the results listed in Table 2, performance gains are rather limited. Moreover, the results are capturing different indoor-outdoor ratios, as well as different receiver assumptions and channel estimation assumptions, which should be avoided. Averaging results with different assumptions is not desired, as ultimately such enhancements will need to provide real benefits in practice. Hence the same agreed realistic assumptions should be followed. In Table 3 we present the averaged results for double codebook with mode 3-2 based on the agreed baseline simulation assumptions, for instance 80% indoor users. Comparing Table 2 with Table 3, it is observed that the used assumptions have a significant impact on the observed performance benefits (and that in fact the performance gains were highly reduced with realistic assumptions).
Table 3: Averaged performance gains with agreed baseline simulation assumptions in scenario A.
	Enhancements
	Average SE [%] 
	50% percentile point [%]
	5% percentile point [%]

	Double CB & 3-2
	6.11
	8.08
	8.38


Observations:

· The main reason for diverse evaluation results seems to be that the agreed simulation assumptions have not been followed in all cases.

· In order to have comparable results, the agreed simulation assumptions and parameterisation should be followed when evaluating proposed enhancements.
· Realistic gains can be reflected only when averaging results based on the same agreed assumptions.
3
Update on evaluation assumptions

Evaluation assumptions should reflect the current state of standardisation (Release 11) and utilization of SU- and MU- MIMO. In the following we are briefly discussing several assumptions.
Indoor-outdoor UE ratio

The indoor- outdoor UE ratio is one of the main parameters differentiating the results in scenario A. In results collected from RAN1#67, only four (4) companies presented results having the agreed mandatory UE outdoor-indoor ratio.

Table 4: Performance gains with different UE location options.

	UE location
	Average SE [%] 
(all / with IRC)
	50% percentile point [%]
	5% percentile point [%]

	80% indoors
	 8.4 /  3.5
	 8.1 /  1.8
	 4.7 /  5.0

	100% outdoors
	12.8 / 12.0
	17.0 / 19.8
	11.3 / 13.1

	100% outdoors and realistic channel estimation
	   - /  4.9
	
	   - / 10.9


Table 4 shows performance gains achieved with different UE location options and a more refined selection of simulation cases, where receiver was set to IRC. Results show that locating all UEs outdoor provides higher performance gains, however this is under the assumption of ideal channel estimation. When channel estimation is accounted for, gains are scaled into a more realistic territory, as can be seen on the last row of the table.
The indoor-outdoor UE ratio should capture the realistic deployments envisioned for Release 12 as it is well known that 70-80% of the traffic is originating from indoors. We believe it is important to have both assumptions included, with and without indoor UEs, hence the current two options for UE location should be kept as they are.
Proposal: 


· The same UE location scenarios should be kept in the simulation assumptions.

· Mandatory: indoor-outdoor dropping, optional: outdoor dropping.

UE receiver

Release 11 specified improved performance requirements for LTE, in the form of MMSE-IRC performance requirements. In other words, MMSE-IRC qualifies as a receiver to be considered in RAN1 work as a baseline receiver. Indeed, as Release 11 enhancements are expected to be available in the market in few years’ time, it is safe to assume that MMSE-IRC capability will be widely spread in UEs. Hence, there is no justification to continue simulating network-side enhancements solely based on the assumption of MRC/MMSE UE receiver. Note that evaluation methodologies and simulation assumptions for MMSE-IRC has been agreed in RAN4 [5], where Wishart modelling [4] was considered.
Proposal: 


· UE MMSE-IRC receiver is mandatory in the simulation assumptions.
Traffic model

Currently, both finite buffer and full buffer are considered in the simulation assumptions. It is typical that finite buffer investigations are treated with less priority, judging also after the results provided in the RAN1#67 where only one set of such results was available. On the other hand, it is known that MU enhancements are targeting highly loaded scenarios which can be modelled with full buffer. Nevertheless, both traffic models should be further considered.
Proposal: 


· Both finite and full buffer traffic models should be considered in the simulations.
Baseline performance

DL single point MIMO has been investigated in almost every release of LTE specifications, and enhanced performance happened in fact in every release. Release 10 brought the CSI-RS/DM-RS operation mode, which enabled flexible precoding (for instance zero forcing) and better MU-MIMO operation, leading to a double digit gain. Release 11 also brought further improved performance through the introduction of CSI-IM resources for interference estimation (beneficial especially in finite buffer cases) as well as the utilization of multiple CSI processes, which can readily allow for instance multi rank feedback operation in single-cell operation.
Proposal: 


· Performance baseline should be based on Release 11, taking into account CSI-IM resources and utilization of multiple CSI processes.
Table 5. Release 10 vs. Release 11 performance results in scenario A.
	4x2 close XP
	Average SE [bits/Hz/cell]
	50% percentile SE [bits/Hz/UE] 
	5% percentile SE [bits/Hz/UE]

	Release 10
	2.412
	0.1900
	0.0550

	Release 11
	2.607
+8.1%
	0.2117
+11.4%
	0.0598
+7.0%


4
Conclusions

Collected results based on RAN1#67 contributions show that the main source of difference between the presented results lies in the diverse simulation assumptions used, as well as in the improper use of some of the simulation assumptions.  The consequence of such behaviour is the lack of result samples which are needed in order to better conclude on the potential of different features. 
Our proposals can be summarized as follows:

· Proposal 1: Use the agreed assumptions and parameters, especially the baseline assumptions. 
· Realistic gains can be reflected only when averaging results based on the same agreed assumptions.
· Proposal 2: The same UE location scenarios should be kept in the simulation assumptions. 
· Mandatory: indoor-outdoor dropping, optional: outdoor dropping.

· Proposal 3: UE MMSE-IRC receiver is mandatory in the simulation assumptions.
· Proposal 4: Both finite and full buffer traffic models should be considered in the simulations.
· Proposal 5: Performance baseline should be based on Release 11, taking into account CSI-IM resources and utilization of multiple CSI processes.
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Appendix A. Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU-R UMa

	Carrier frequency
	2.0 GHz

	Deployment scenario
	Homogenous macro

	Antenna configuration
	4 Tx 0.5 lambda x-pol (-45o, 45o)

2 Rx 0.5 lambda x-pol (0o, 90o)

	Number of UEs per cell
	10

	Transmission scheme
	Dynamic switching between 
MU-MIMO with maximum 2 UE per layer and 1 layer per UE and
SU-MIMO with maximum 2 layers per UE

	Receiver
	Release 10: LMMSE Option 2
Release 11: IRC Wishart DM-RS [4]

	Feedback
	PUSCH mode 3-1, Release 8 codebook
Release 10: single CSI-process
Release 11: two CSI-processes

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modeling
	20% UEs dropped outdoor

	Traffic model
	Full buffer

	Channel estimation
	Realistic CSI-RS based channel estimation for CSI feedback
DM-RS

	HARQ
	Maximum 4 retransmissions
Chase combining


