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Discussion
1
Introduction

During the study item, the interference model agreed as baseline [1] consists of randomly changing PMI per subband from subframe to subframe. In reference [2], it was however argued that interference would be in fact more correlated both in time and frequency. Statistics on transmission ranks were in turn extracted from system level simulations and set as 80% for rank-1 and 20% for rank-2 in the case of 2-Tx and 70% for rank-1 and 30% for rank-2 in the case of 4-Tx. 
This contribution is an updated version of [3] and provides additional statistics related to the transition of transmit precoder matrix indices (PMI) over time and frequency, assuming full buffer traffic and proportional fair scheduler. It is shown that the mean and median value of the time that a given PMI is used consecutively by a transmitting eNB is typically lower than the channel state information (CSI) reporting interval. Correspondingly, the typical granularity of the interference in frequency domain is seen to match almost exactly the CQI reporting subband size.
2 
PMI traces over time and frequency
We investigated the decisions in terms of scheduled PMIs for a typical time-frequency proportional fair (TD/FD PF) scheduler assuming a 2x2 and 4x2 SU-MIMO configurations in 3GPP Case 1. Simulation assumptions are provided in Annex (Tables A1 and A2). In this contribution, we extracted traces of transmit precoder indices aiming at quantifying the time the same PMI is continuously scheduled. In other words we looked at the “life of a PMI index” over time and frequency. A snapshot of such trace for the 2x2 case is depicted in Figure 1.
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Figure 1: Snapshot of scheduled precoder traces over time and frequency in 2x2 SU-MIMO scenario.
As the snapshot only shows the trace for a limited number of milliseconds, it is not possible to draw generic conclusions on the scheduler behaviour based on such figure. In order to quantify better the time-frequency variations of scheduled PMIs, we logged data over a total of 4000 TTIs (4 seconds) and derived histograms as well as cumulative density functions (CDF) for:
· The number of consecutive TTIs a given PMI index happens to be scheduled over;
· The number of consecutive PRBs a given PMI index happens to be scheduled over.
The histogram of the time a PMI was used continuously over consecutive TTIs is depicted in Figure 2 for the 2x2 case, from the histogram we observe that most of the time PMIs are scheduled continuously for a time duration lower than the CSI reporting interval (10ms in this case). Also, from the corresponding CDF curve in Figure 3, it is seen that 90% of all events had duration less than the CSI reporting interval. Table 1 summarizes the statistics of the time a PMI is continuously scheduled for the 2x2 and 4x2 cases. We observe for the 2x2 case that a PMI is continuously scheduled in time with a mean value of 4.17 milliseconds and median value of 2.0 milliseconds. In the 4x2 case, the mean is 3.31 ms and the median equals 2.0 ms. 
Observation 1: 
90% of time PMIs are scheduled continuously for duration lower than the CSI reporting interval.

Observation 2: 
The median value a PMI is continuously scheduled is 2.0 milliseconds.
The above observation contradicts the findings and claims in reference [1] that the transmit precoder indices are heavily correlated in time, with a PMI change in time greater than the practical CSI reporting interval. On the contrary, the results indicate here that although we observe from time to time PMIs scheduled for several TTI´s, most of the time the same PMI is scheduled for a time lower than the CSI reporting interval. 
We note also that the duration a PMI is scheduled is sensitive to the scheduler implementation and the worst case scenario would be a scheduler scheduling different UEs each TTI and PRB. Results in this contribution assume a time/frequency domain (TD/FD) proportional fair (PF) scheduler implementation, where the scheduling priority of a user k on a sub-band l is given by the ratio Tp(k,l)/avg_deliv_Tp(k), where the numerator Tp(k,l) is the instantaneous estimated throughput derived from the UE reported FD CQI values, and the denominator avg_deliv_Tp(k) is the averaged delivered L1/L2 throughput for the user. The averaging window length has significant impact to the system performance and hence should be carefully selected. Results showed in this contribution are assuming that the used averaging window length is matched against the Doppler frequency and leads to good overall performance in the simulated network with best effort traffic. As one may observe, the numerator in the priority term is depending only on the reported FD CQI values, and hence stays constant during the CSI reporting interval. On the other hand, the denominator is depending upon the past delivered L1/L2 throughput, and depending on the scheduler implementation it might be updated multiple times during the CSI reporting interval. This implies that the actual scheduling decisions may change during the CSI reporting interval as well.
[image: image2.png]Histogram

15

0s

20 30 40 50
Duration of a Schedulled PMI index in TTI's

60

70




Figure 2: 2x2 case. Histogram of the time a PMI index is scheduled over contiguous subframes.
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Figure 3: 2x2 case. CDF of the time a PMI index is scheduled over contiguous subframes.
Table 1: Mean and median of the observed duration of a scheduled PMI index.
	
	2x2 SU-MIMO
	4x2 SU-MIMO

	
	Mean value
	Median value
	Mean value
	Median value

	Observation of the duration of scheduled PMIs over a total of 4000 TTIs 
	4.17 ms
	2.0 ms
	3.31ms
	2.0 ms


The histogram of the number of consecutive PRBs a given PMI index was allocated in frequency domain is depicted in Figure 4 for the 2x2 case. From the histogram we observe that most of the time a given PMI is scheduled over 6 PRBs which corresponds exactly to the CSI feedback granularity in frequency. Also the corresponding CDF is depicted in Figure 5. Table 2 summarizes the statistics for the 2x2 and 4x2 cases. We observe for the 2x2 case that the number of PRBs a given PMI is allocated contiguously in frequency has a median value of 6 PRBs and a mean value of 8.72 PRBs. In the 4x2 case, a mean of 7.68 PRBs and median of 6.0 PRBs are observed.
Observation 3: 
The median number of PRBs a given PMI is allocated in frequency domain is 6 PRBs, which corresponds exactly to the CSI feedback granularity in frequency.
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Figure 4: 2x2 case. Histogram of the number of PRBs in frequency domain a PMI index is used contiguously.
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Figure 5: 2x2 case. CDF of the number of PRBs in frequency domain a PMI index is used contiguously.

Table 2: Mean and median of the observed allocation in PRBs in frequency domain of a scheduled PMI index.
	
	2x2 SU-MIMO
	4x2 SU-MIMO

	
	Mean value
	Median value
	Mean value
	Median value

	Observation of the allocation in PRBs of scheduled PMIs in frequency domain over a total of 4000 TTIs 
	8.72 PRBs
	6.0 PRBs
	7.68 PRBs
	6.0 PRBs


3
Impact of scheduler implementation on PMI statistics 
It was previously mentioned that the duration a PMI is scheduled is sensitive to the scheduler implementation. In this section, we show some exemplary results on how different scheduler implementations affect the mean and median duration of continuously scheduled PMIs in time and frequency domain. The investigations were performed assuming a 2x2 SU-MIMO configuration in 3GPP Case 1 and a total of 8 different scheduler implementations. Simulation assumptions are provided in Annex (Tables A1 and A2).

The selected scheduler implementations are the well-known Round Robin scheduler, the Proportional Fair scheduler implemented with 6 different Averaging Windows Lengths (AWL) and the Max C/I scheduler. For each exemplary case, the same scheduler is used in both time and frequency domain.
Statistics on the time duration of a scheduled PMI index are shown in Table 3 for the studied schedulers. We observe differences in mean values across studied schedulers. The most dynamic allocations are observed when the Round Robin scheduler is used, in this case the time duration of a scheduled PMI index has a median of 1.0 ms and a mean of 2.72 ms. When the Proportional Fair scheduler is used, on one hand we observe that the mean time duration of a scheduled PMI index varies in a range of 3.29 ms to 6.41 ms and these mean values are proportional to the AWL. On the other hand, the median duration is 2.00 ms for all studied cases. Finally, when the Max C/I scheduler is in use, we observed a mean duration of 35.9 ms and a median duration of 5.0 ms. 
Table 3: Mean and median of the observed duration of a scheduled PMI index for different scheduler implementations.
	
	Scheduler
	2x2 SU-MIMO

	
	
	Mean value
	Median value

	Observation of the duration of scheduled PMIs over a total of 4000 TTIs 
	TD/FD  Round Robin
	2.72 ms
	1.00 ms

	
	TD/FD  PF, Averaging Windows Length (AWL) = 100 TTI
	3.29 ms
	2.00 ms

	
	TD/FD  PF, AWL = 200 TTI
	4.17 ms
	2.00 ms

	
	TD/FD  PF, AWL = 400 TTI
	4.95 ms
	2.00 ms

	
	TD/FD  PF, AWL = 800 TTI
	5.62 ms
	2.00 ms

	
	TD/FD  PF, AWL = 2000 TTI
	6.16 ms
	2.00 ms

	
	TD/FD  PF, AWL = 4000 TTI
	6.41 ms
	2.00 ms

	
	TD/FD  Max C/I
	35.9 ms
	5.0 ms


The number of consecutive PRBs a given PMI index was allocated in frequency domain is depicted in Table 4. We observe a similar trend in frequency domain statistics as observed in time domain statistics. When the Round Robin scheduler is used the number of consecutive PRBs index allocated in frequency domain has a median of 6.75 PRBs and a mean of 5.0 PRBs. When the Proportional Fair scheduler is used, we observed the number of allocated consecutive PRB indexes varies in a range of 8.27 PRBs to 11.28 PRBs and these mean values are proportional to the AWL. On the other hand, the median duration is 6.00 PRBs for all studied cases. Finally, when the Max C/I scheduler is in use, we observed a mean duration of 33.41 PRBs and a median duration of 50.0 PRBs.
Table 4: Mean and median of the observed allocation in PRBs in frequency domain of a scheduled PMI index for different scheduler implementations.
	
	Scheduler
	2x2 SU-MIMO

	
	
	Mean value
	Median value

	Observation of the allocation in PRBs of scheduled PMIs in frequency domain over a total of 4000 TTIs 
	TD/FD  Round Robin
	6.75 PRBs
	5.00 PRBs

	
	TD/FD  PF, Averaging Windows Length (AWL) = 100 TTI
	8.27 PRBs
	6.00 PRBs

	
	TD/FD  PF, AWL = 200 TTI
	8.72 PRBs
	6.00 PRBs

	
	TD/FD  PF, AWL = 400 TTI
	9.49 PRBs
	6.00 PRBs

	
	TD/FD  PF, AWL = 800 TTI
	10.13 PRBs
	6.00 PRBs

	
	TD/FD  PF, AWL = 2000 TTI
	10.94 PRBs
	6.00 PRBs

	
	TD/FD  PF, AWL = 4000 TTI
	11.28 PRBs
	6.00 PRBs

	
	TD/FD  Max C/I
	33.41 PRBs
	50.0 PRBs


The results presented in Table 3 and Table 4 show that the duration a PMI is scheduled in time and frequency domain is sensitive to the scheduler implementation. However, above observations in terms of median values confirm that the PMI statistics as seen in system level simulations are much closer to the interference model selected as baseline in agreed simulation assumptions [1] than the model suggested in [2]. Keeping in mind test case as well as test equipment complexity, we feel that it is reasonable to confirm the assumption of randomly changing PMIs and ranks per sub-band from subframe to subframe as baseline in future link level work and test case definitions. Also, it is not desirable to assume any specific or “typical” scheduler implementation for the purpose of deriving UE performance requirements: the risk is that UE implementation could be optimized for passing corresponding test cases while losses could be seen in the field under other interference scheduling patterns. From this perspective, it does make sense to consider a worst case situation. It is also noted that from UE viewpoint, one can only assume that precoding stays constant within a CQI reporting subband (and within one PRG for TM9) based on current specifications.

Observation 4:
The interference model selected as baseline during the study item matches reasonably well with PMI statistics as seen in system level simulations.
4
Conclusions
This contribution provided statistics related to the transition of transmit precoder matrix indices over time and frequency, assuming full buffer traffic and proportional fair scheduler. It is shown that the time that a given PMI is used consecutively by a transmitting eNodeB is typically lower than the channel state information (CSI) reporting interval. Based on the provided system simulation results, the following observations were made:
Observation 1: 
90% of time PMIs are scheduled continuously for duration lower than the CSI reporting interval.

Observation 2: 
The median value a PMI is continuously scheduled is 2.0 milliseconds.
Observation 3: 
The median number of PRBs a given PMI is allocated in frequency domain is 6 PRBs, which corresponds exactly to the CSI feedback granularity in frequency.
Observation 4:
The interference model selected as baseline during the study item matches reasonably well with PMI statistics as seen in system level simulations.

Above observations confirm that the interference model selected as baseline in reference [1] is indeed a proper choice. Also, it is not desirable to assume any specific or “typical” scheduler implementation for the purpose of deriving UE performance requirements: the risk is that UE implementation could be optimized for passing corresponding test cases while losses could be seen in the field under other interference scheduling patterns. From this perspective, it does make sense to consider a worst case situation. Hence, we propose that:
Proposal 1:

Apply random PMI & rank per subband and per subframe basis for interfering cells in advanced receiver test cases.
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Annex – Simulation Assumptions
Table A1: Simulation assumptions for interference modelling.
	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
	
[image: image6.wmf]ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

)

(

2

3

j

j

j



[image: image7.wmf]70

3

=

dB

j

degrees, 
[image: image8.wmf]dB

A

m

25

=



	
	Vertical
	
[image: image9.wmf]ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

v

SLA

A

,

12

min

)

(

2

3

q

q

q

q



[image: image10.wmf]10

3

=

dB

q

degrees, 
[image: image11.wmf]dB

SLA

v

20

=


Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Full buffer traffic
and non-full buffer/ non-full traffic model (optional)


Table A2: System simulation assumptions used to determine PMI traces.

	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP case 1 SCM NLos UMa 3D
Azimuth spread: 15˚, UE speed: 3 km/h
Other assumptions as in Table A1.

	Base station antenna configuration
	2 antenna elements – Cross-polarized
4 antenna elements – Cross-polarized with λ/2 spacing between antenna elements.

	UE antenna configuration
	2 antenna elements
ULA 0.5 λ spacing

	MIMO scheme
	SU-MIMO with dynamic rank adaptation (maximum rank=2)

	Number of UEs / sector
	10

	Codebook
	LTE Rel-8 codebook for 2-Tx
LTE Rel-8 codebook for 4-Tx

	TD-FD scheduler
	Proportional Fair – Proportional Fair
Round Robin (RR)
Max C/I

	Channel estimation for CSI
	CRS Based for 2x2 antenna set-up
CSI-RS Based for 4x2 antenna set-up 

	UE feedback mode
	PUSCH 3-1

	PMI
	Wideband (50 PRB)
10 ms reporting interval
6 ms delay

	CQI
	Subband 6 PRB
10 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	PDCCH
	Modelled as overhead

	UE noise figure
	9 dB

	Hard handover hysteresis
	3 dB

	UE distribution within cell
	Uniformly dropped to entire cell
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