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1 Introduction

Part of the objective of the WI on enhanced LAA (eLAA) [1], is to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· Specify support for PUSCH and SRS

The design aspects that should be considered for supporting SRS transmission for the operation on an unlicensed band were discussed and the discussions result in the following high level agreements in RAN1#84 meeting [2]:
Agreements:
· Aperiodic SRS transmission with PUSCH is supported in eLAA

· Enhancements of aperiodic SRS transmission and/or triggering are not precluded

· FFS: Aperiodic SRS transmission without PUSCH

In this contribution, we discuss the physical layer design and triggering mechanism of the aperiodic SRS transmission with PUSCH for eLAA UL operations. In our companion contribution we provide our views on aperiodic SRS transmission without PUSCH [3].
2 Discussions
In LTE, the SRSs are primarily used for channel sounding to allow for frequency-selective scheduling in the uplink (UL). For this purpose, SRS is introduced as a wider band reference signal, which is typically transmitted in the last SC-FDMA symbol of an UL subframe. Users with different transmission bandwidths share the sounding channel in the frequency domain. In addition, SRS can be used for uplink timing estimation as well as UL MIMO sounding since 3GPP LTE release 10.

In the unlicensed band with interlaced UL resource block (RB) allocations, there seems to not be much gain that can be provided by frequency-selective scheduling because the PUSCH transmission from different UEs have to be distributed across the full bandwidth [4]. In the UL physical layer design, however, we still need SRSs to sound non pre-coded antenna ports for supporting UL MIMO scheduling. Other uses of SRS are for further study. 

Aperiodic transmission of SRS with PUSCH on an LAA SCell is supported as per agreement in the previous meeting. In our view when the transmission of SRS is needed, it can be requested in UL grant. Moreover the last symbol in the PUSCH subframe can be allocated for SRS transmission to minimize the specification impact where the first symbol in the PUSCH subframe can be used for the LBT if needed [5]. Another advantage of putting the SRS at the end of the subframe is that the measurement result is more up-to-date than the case where SRS occupies, for example, the first symbol.
Based on the above discussion we propose the following:

Proposals: 
· Aperiodic SRS with PUSCH is triggered by DCI message.
· Aperiodic SRS with PUSCH occupies the last SC-FDMA symbol of one UL subframe.
In the following, we will describe several options for the physical-layer design of the SRS.In the proposed design, as illustrated in Figure 1, the SRSs are transmitted together with PUSCH and in one UL subframe with PUSCH RB-interlaces spanning the full transmission bandwidth, occupying the last SC-FDMA symbol. 
In the option shown in Figure 1, denoted as option 1a, multiplexing the SRSs transmitted from multiple antenna ports per UE and/or multiples users can be based solely on cyclic shifts.
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Figure 1: SRS design option 1a.
Proposal: 
· Aperiodic SRS occupies the same interlaced frequency resources as allocated for the UE’s PUSCH in the same subframe. 
Alternatively, option 1b is illustrated in Figure 2. In this option, in addition to cyclic shifts, SRSs can be multiplexed in a comb-like fashion (transmitted on every other subcarrier) within the interlace. An example of this option, shown in the figure, is that SRS on even antenna ports are transmitted on even subcarriers while SRS for odd antenna ports are transmitted on odd subcarriers. 
On top of option 1b, user multiplexing by frequency division and cyclic shifts in each subframe of one interlace can be made flexible and configurable. For example, the comb pattern, i.e. the subcarrier mapping per user or antenna port can be configurable. The configuration information can be indicated by the eNode-B in the UL grant and/or higher layer signalling.  This is denoted as option 1c. 
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 Figure 2: SRS design option 1b
In addition, an option 2a can be considered, in which SRS transmission per user involves two interlaces and a 2-comb is used in each interlace. As exemplified in Figure 3, SRS is transmitted on the even subcarriers in the assigned interlace x (interlace #0 in the figure) and on the odd subcarriers in the interlace mod(x+5, 10) (interlace #5 in figure). 
Alternatively, another option, option 2b is that SRS is transmitted on the even subcarriers of interlaces x and mod(x+5, 10) if x<5 while on the odd subcarriers if x>=5. 
Proposal: 
· Additional multiplexing of multiple antenna ports and/or users using comb-like structures within the allocated interlaced resources can be further considered for the aperiodic SRS. 
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Figure 3: SRS design option 2a
3 Conclusions
In this contribution we have discussed the triggering and UL physical layer design of the aperiodic SRS transmission with PUSCH and proposed the following:

Proposals:

· Aperiodic SRS with PUSCH is triggered by DCI message.
· Aperiodic SRS with PUSCH occupies the last SC-FDMA symbol of one UL subframe.

· Aperiodic SRS occupies the same interlaced frequency resources as allocated for the UE’s PUSCH in the same subframe.
· Additional multiplexing of multiple antenna ports and/or users using comb-like structures within the allocated interlaced resources can be further considered for aperiodic SRS. 
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