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1. Introduction

This document discusses different schemes for configuring Sounding Reference Symbol (SRS) transmissions across multiple component carriers (CCs) for LTE-Advanced. We also present applicable use-cases targeted towards heterogeneous network scenarios.
2. SRS Component Carrier Configuration
During initial configuration, an LTE-A capable UE is configured by its serving eNodeB for transmitting in multiple component carriers, depending on the UE’s carrier aggregation capability. The following sub-sections discuss how to configure such a UE’s SRS transmissions on individual component carriers. 
2.1. CC-Common and CC-specific SRS configuration
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Figure 1 : UE transmits SRS on UL CCs using identical subframe index and periodicity.

Option 1: Reduce SRS configuration overhead through CC-common and CC-specific SRS configuration.
The configuration would consist of a mixture of both CC-common and CC-specific parameters. A CC-common configuration reduces signaling overhead while configuring multiple CCs for SRS transmission.  For example, the cell-specific ‘srsSubframeConfiguration’ and the UE-specific 1-bit ‘duration’, ‘srsConfigurationIndex’, ‘transmissionComb’ index and cyclic shift parameters can be configured identically on all UL CCs. As shown in Figure 1, using Option 1, the LTE-A UE can be configured to transmit its SRS symbols at the same time instant across all its CCs. On the other hand, since the UL CC bandwidths are potentially different, the number of sounding RBs (configured by the ‘srsBandwidth’ and the ‘srsBandwidthConfiguration’ parameters) will likely be CC-specific and have to be signaled to the UE for each individual component carrier.


Although Option 1 offers potentially reduced signaling during SRS configuration for multiple UL CCs, we identify three drawbacks: First is the difficult task of managing a tree-based SRS structure over multiple CCs with potentially different bandwidths [2]. Second is the resultant increase in cubic metric (assuming a single power amplifier is employed) arising from time overlapping SRS transmissions in multiple CCs. Lastly, splitting the transmit power between SRS transmissions over multiple UL CCs may not be desirable for cell-edge UEs since path loss degrades their sounding quality.
2.2. Independent SRS CC Configuration


[image: image2.emf]Time (subframe)

F

r

e

q

u

e

n

c

y

UL CC1

UL CC2

UL CC3

18 17 15 16 19 20

18 17

16

19

20

18 17

15 16

20

4 3

1

2 5

15

4

3 2

5

4

3

1 2

5 6

1

6

6

19


Figure 2 : UL CCs configured independently for SRS transmission.

Option 2: The eNodeB (re-) configures UE SRS transmissions independently across component carriers.

As seen in Figure 2, the UE can thus be configured to sound at different time instants with potentially different SRS periodicities. Additionally, with independent SRS configuration per CC, the eNodeB can better manage SRS resources and ensure that the UE cannot sound from more than a single CC at any time instant in case of power limitation. We note that the flexibility provided by Option 2 for configuring SRS transmissions is potentially useful for interference coordination in heterogeneous network scenarios. 

Proposal: We recommend allowing the UE to determine its SRS transmission timing and bandwidth allocation separately (Option 2) per component carrier. 
3. Component Carrier Selection for SRS Transmission

When the UE has only a small amount of data in its buffer to transmit, the eNodeB may schedule the UE for transmitting only on a subset of its configured UL CCs. In such an event, transmitting SRS symbols on unused UL CCs may waste valuable sounding resources – reducing SRS multiplexing capacity – and waste UE battery power  REF Huawei93837 \h 
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 \* MERGEFORMAT 1]. Restricting SRS transmissions to only the active CCs is desirable in such a case. 

Proposal: The eNodeB can configure the LTE-A UE to transmit SRS symbols on a subset of the UE’s UL component carriers.

3.1. Example: Heterogeneous Network
CC-selective SRS transmission is particularly helpful when a UE creates undesirable interference to other UEs sounding on the same time/frequency/code resources, as in the case of heterogeneous networks employing Closed Subscriber Group operation (Figure 3). For example, when a high power macrocell UE and a low power femtocell UE transmit on all their UL CCs (shown in Case A in Figure 4), the macrocell UE may cause unacceptable interference in the SRS resources at the femtocell eNodeB. 
Such interference may arise in the following two scenarios:

· The SRS transmissions of the macrocell UE and femtocell UE overlap in time, frequency and cyclic shift of the CAZAC sequence.

· Even if the SRS transmissions of the UEs do not collide often (e.g. when the femtocell eNodeB has only a few low mobility users employing a large SRS periodicity), the high powered PUSCH transmissions of the macrocell UE may still interfere with the SRS transmissions of the femtocell UE, since their serving eNodeBs are uncoordinated.
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Figure 3 : Heterogeneous network: High power macro UE interferes with femto UE
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Figure 4: Transmitting SRS only in active UL CC set (CASE B) eliminates mutual interference between the macrocell UE and femtocell UE.

For ensuring reliable data transmission and obtaining reliable channel quality information (CQI), the macrocell and femtocell eNodeBs may require coordinating their respective UE transmissions. This can be accomplished by assigning the UL scheduling grants for the macrocell UE and the femtocell UE on different UL CCs. Such a coordinated strategy eliminates mutual interference on each UE’s PUSCH transmissions. Flexible UL CC assignment may be provided through the Carrier Indicator field in each eNodeB’s PDCCH bearing DL anchor carrier.

Similarly, by coordinating the macrocell UE and femtocell UE’s SRS transmissions on their respective UL CCs, the perceived CQI at their respective eNodeBs is interference-free. For example, the macrocell UE transmits its SRS only on UL CC1 while the femtocell UE transmits SRS only on UL CC2 (as shown in Case B in Figure 4).

Additional interference coordination between the macrocell and femtocell eNodeBs – through independent SRS (re-) configuration over multiple CCs as discussed in Section 2.2 – can ensure non-overlapping SRS transmissions among the macrocell and femtocell UEs. This may include, 
· Configuring the macrocell UE’s (resp. femtocell UE’s) SRS transmissions in non-overlapping subframes in the same UL CC (for example, by employing different SRS subframe offsets and different SRS periodicities).

· Configuring the macrocell UE’s (resp. femtocell UE’s) SRS transmission to occupy non-overlapping frequency domain resources if they transmit their SRS symbols in identical subframes.
4. Conclusion

This document has discussed different options for SRS signaling in LTE-Advanced. Our recommendation is the eNodeB can (re-)configure the LTE-A UE for SRS transmission independently on each component carrier. We also propose that the SRS configuration provide the LTE-A UE, capability to sound on a subset of its UL component carriers. 
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