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Introduction
In RAN1 #70 plenary meeting, proposal on enhanced LAA (eLAA) for LTE was approved as new work item of Rel-14 [1]. The objectives of the WI are to specify the UL transmission on 5GHz unlicensed band. In this contribution, we focus on SRS transmission among the functionalities described in WID. We discuss on trigger types and SRS resources for transmitting SRS in the frame structure type 3.
Discussions
Triggering SRS Transmission
A UE shall transmit SRS on per serving cell in order for eNB to figure out the channel quality of uplink. SRS transmission could occur based on either ‘trigger type 0’ by higher layers signalling or ‘trigger type 1’ by SRS-request field in DCI. All SRS parameters such as srs-ConfigIndex and SRS bandwidth are semi-statically configured by higher layer. In case of licensed cell, uplink subframes are ever-present in frame structure type 1 or exist according to UL/DL configuration of frame structure type 2. Therefore, UE can expect that the configured SRS resources on licensed cells should be there. Given configurations on SRS, UE can periodically transmit SRS after receiving trigger message. However, in unlicensed cell, it is hard to guarantee that the configured resources are available due to channel access mechanism. Furthermore, in case of frame structure type 3, LAA cell may dynamically schedule uplink subframe without predefined configurations on downlink and uplink. This means that semi-statical configuration for SRS transmission would be inefficient in unlicensed band. So it is necessary to consider dynamic trigger type under the frame structure type 3.

Proposal 1: It is necessary to consider dynamic trigger type for SRS transmission of eLAA.

SRS Resources
In frame structure type 1, SRS can be transmitted on the last SC-FDMA symbols of UL subframes if those are configured for SRS transmission. In frame structure type 2, SRS can be transmitted on the UpPTS in special subframe and the last SC-FDMA symbols of UL subframes if those are configured for SRS transmission. As discussed in 2.1, however, UE may lose to chance SRS transmission on LAA cell depending on the result from clear channel assessment. Also, US may not expect that resource corresponding to SRS configuration by higher layer is always present since UL subfame is dynamically scheduled. In this context, the possibility to transmit SRS can be reduced in the LAA cell. Therefore, we may consider the additional SRS resources in frame structure type 3. In this contribution, we suggest two possible resources for SRS transmission.

Option 1: Remains after DL end partial subframe

In Rel-13 LAA, the end partial subframe is defined. Because the length of end partial subframe can be the same as one of DwPTS structures, there can be room to transmit SRS in the same subframe if TxOP is not finished during this subframe. If the UL transmission burst is configured after DL end partial in the same TxOP that is initiated at the beginning of DL transmission burst, this possible resource could be considered as extended UpPTS according to the number of remaining symbols more than one or two SC-FDMA symbol.

Option 2: End partial subframe of UL transmission burst

Similar to the rationale of necessity for DL end partial subframe, UL end partial subframe could be introduced in the UL transmission burst while complying with requirement of TxOP. Unlike PDSCH in DwPTS, there has been no specification on PUSCH with the fewer number of symbols than 1ms except for shortened PUSCH for SRS transmission. If partial PUSCH is not considered, SRS transmission can be one of the ways to exploit possible UL end partial subframe can be SRS transmission. 

The possible SRS resources in frame structure type 3 are shown in Figure 1. It is assumed that TxOP is 8ms in which DL transmission burst and UL transmission burst are comprised. The first UL subframe in UL transmission burst has legacy SRS resource. Additional SRS transmissions can be occurred in the extended UpPTS and UL end partial subframe.
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Figure 1 – Resources for SRS transmission in frame structure type 3
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Proposal 2: It is necessary to consider additional SRS resources for eLAA.
Conclusion
In this contribution, we discussed SRS transmission for eLAA and suggested the following proposals: 

Proposal 1: It is necessary to consider dynamic trigger type for SRS transmission of eLAA.

Proposal 2: It is necessary to consider additional SRS resources for eLAA.
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