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1 Introduction

The WI of SRS carrier based switching from [1] includes the following objectives. 
The WI is to specify enhancements for networks operating with CA. The objectives of the WI are:

· To support SRS switching to and between TDD component carrier(s), where the component carriers available for SRS transmission correspond to the component carriers available for carrier aggregation of PDSCH, while the UE has fewer component carriers available for carrier aggregation of PUSCH [RAN1, RAN2, RAN4]

· Corresponding UE and eNB core requirements [RAN4].
In this contribution we discuss the neccerity of studying the switching rate from system performance point of view to ensure there will be system benefit of this feature.
2 Discussion on necessary switching rate
The intention of having such carrier based SRS switching is to use the reciprocity information conveyed by UL SRS reported to eNB to reflect the DL channel condition to optimize the scheduling to improve system performance. In order to get proper information the SRS switching rate in terms of ms is crutial from such system performance point of view.
Observation 1: SRS switching rate in terms of ms is crutial from such system performance point of view.

In the following we provide the general overview on how the DL channel and interference property in terms of in time domain and the corresponding eNB scheduler works in time domain to schedule different configurations to UEs.

2.1 DL channel and interference property

According to previous study for different work items to identify the DL channel and interference property, the current interference models used in RAN4 to reflect the practical network include the following.

Table 1 Interference models used in RAN4

	
	Type A receiver
	Type B receiver
	CRS-IM receiver

	Load
	100%
	90%
	20%

	CQI
	16QAM
	Randomly changing per PRB pair from subframe to subframe
	Randomly changing per PRB pair from subframe to subframe

	PMI/RI
	Randomly changing per sub-band from subframe to subframe
	Randomly changing per PRB pair from subframe to subframe
	Randomly changing per PRB pair from subframe to subframe


So it can be observed from all the previous study the interference model reflects the practical network in the sense the interference is changing rather rapidly from subframe to subframe.

Observation 2: The interference changes rapidly together with DL propogation channel in terms of each ms.
2.2 eNB scheduling statistics

In order to follow such rapid change in DL channel the eNB scheduler follows the channel conditions based on the reported CSI and possible SRS as a new feature.
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Figure 1 Histogram of the number of consecutive subframes where a given PMI index is scheduled
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Figure 2 CDF of the number of consecutive subframes where a given PMI index is scheduled

The histogram and the CDF are shown in Figure 3 and Figure 4 separately for the time domain PMI changing granularity, where the statistic of the number of the consecutive subframes where a given precoder is scheduled is evaluated. The mean and median values of the number of the consecutive subframes in time domain are listed in Table 2. The system simulation model and assumptions are listed in Annex. The Doppler shift is modelled as 5Hz with low speed.
From the results we can observe more than 60% of the number of the consecutive subframe is 1 which means the PMI index is changing from subframe to subframe. 
Table 2 Mean and median of the observed duration of a scheduled PMI index
	
	Mean value
	Median value

	Number of consecutive subframes where a given PMI index is scheduled
	2.3898 ms
	1.0 ms


Observation 3: The eNB scheduler also follows the DL channel rapid to schedule based on subframe level.
Based on the observations above it’s important the SRS switching rate in terms of ms would follow the interference profile and also the exisiting scheduling implementation in order to better reflect the DL channel to improve the system performance.

Proposal 1: SRS switching rate in terms of ms would follow the interference profile and also the exisiting scheduling implementation in order to better reflect the DL channel to improve the system performance, e.g. in 1 ms.

But as pointed out in [2] from RF side there could be up to 323.47µs of switching time  in worst case scenario for CA, when the cariers are in different TAG and when at least one of the carriers are in unlincesed band. . This is almost 5 OFDM symbols which will be lost for all CCs, inlcusding DL CCs. So if for each subframe there is SRS switching there would be even performance loss instead of gain. So in order to properly develop the feature it’s important to perform more study with proper switching rate from a system performance gain point of view.

Proposal 2: More study to identify a proper SRS switching rate in terms of ms is needed in order to secure the system performance gain.

3 Conclusion

This contribution provides general overview of the SRS switching rate in order to get the system benefit of this feature with the following observations and proposals.
Observation 1: SRS switching rate in terms of ms is crutial from such system performance point of view.

Observation 2: The interference changes rapidly together with DL propogation channel in terms of each ms.

Observation 3: The eNB scheduler also follows the DL channel rapid to schedule based on subframe level.
Proposal 1: SRS switching rate in terms of ms would follow the interference profile and also the exisiting scheduling implementation in order to better reflect the DL channel to improve the system performance, e.g. in 1 ms.

Proposal 2: More study to identify a proper SRS switching rate in terms of ms is needed in order to secure the system performance gain.
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Annex – Simulation Assumptions

Table A1: System model for system simulation in Figure 1 and 2.
	Parameter
	3GPP Case 1

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site
	500 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
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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.

	Antenna configuration
	2x2 XPol

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

	Number of UEs / sector
	10

	Codebook
	LTE Rel-8 codebook for 2-Tx

	TD-FD scheduler
	Proportional Fair – Proportional Fair

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

	UE feedback mode
	PUSCH 3-1

	PMI
	Wideband
5 ms reporting interval
6 ms delay

	CQI
	Subband 
5 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	PDCCH
	Modelled as overhead

	UE noise figure
	9 dB

	Hard handover hysteresis
	1 dB

	UE distribution within cell
	Uniformly dropped to entire cell

	Number of subframes
	400
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