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1. Introduction
The eLAA work item was approved in RAN #70[1]:
The detailed objectives of the work item are 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]
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
At RAN1 #80bis, the following agreements were reached:
             Support of SRS transmissions on LAA SCell is recommended for LAA UL
· For a UE, SRS transmission with PUSCH is supported 
· FFS if SRS transmission without PUSCH is supported
· If supported, FFS whether with or without LBT

At RAN1 #84, the following agreements were reached:
· 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

There are requirements on the occupied channel bandwidth and power density for unlicensed carrier access in Europe [2]. Some of the  requirements are shown below
· The occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. 
· During an established communication, a device is allowed to operate temporarily in a mode where its occupied channel bandwidth may be reduced to as low as 40 % of its nominal channel bandwidth with a minimum of 4 MHz. 
The occupied channel bandwidth is defined as the bandwidth containing 99 % of the power of the signal. The nominal channel bandwidth is the widest band of frequencies inclusive of guard bands assigned to a single channel (at least 5MHz). 

In this paper, we provide our views on SRS for LAA.
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Periodic SRS and aperiodic SRS can be used to probe the channel from a UE to an eNB, the obtained information can be used in multiple ways: one use is to enable uplink frequency selective scheduling and link adaptation, another use is to enable SDMA in uplink through identifying compatible UEs to be paired in their uplink transmissions. By exploiting channel reciprocity, in a TDD system, the obtained information can be also used in downlink scheduling.

Consider uplink transmission and multiplexing capacity, narrow band SRS and wideband SRS can be the right choice for a specific deployment or a specific UE. 

3. SRS design in LAA 
SRS without PUSCH

Supporting SRS without PUSCH gives UEs more SRS transmission chances. However, it is not clear that supporting SRS without PUSCH in LAA would benefit the system performance. Since LAA scenario is mostly small cell deployment with low mobility UEs, if the SRS is used to do channel estimation, then it would not need to be transmitted very often. SRS transmission with PUSCH would be enough. On the other hand, although SRS could be used to acquire DL CSI at eNB, if the number of Tx antennas at UE is limited, then the acquired information is incomplete. Further eNB may not be aware about the interference experienced at a UE, even if the eNB acquires good information for the desired channel say from all the antennas of the UE (the same number of Tx antennas as the Rx antennas at the UE), it can still miss the interference part. Moreover, supporting SRS without PUSCH may cause huge impact on spec, e.g. changing the position of SRS to prevent the UEs with PUSCH blocking UEs transmitting SRS without PUSCH. Thus, we have

Proposal 1: SRS without PUSCH should not be supported.

SRS with PUSCH

In RAN1 #84, aperiodic SRS transmission with PUSCH is agreed to be supported. We focus on periodic SRS with PUSCH in this part.
Obviously, the transmission opportunities for periodic SRS with PUSCH are few, because UE would not always has PUSCH and uplink grant in the configured subframe. Furthermore, even UE gets an uplink grant to transmit in the configured subframe, it still cannot always success to access the channel due to LBT mechanism. However, supporting periodic SRS with PUSCH does not lead to additional overhead, and no spec change is needed. Thus, periodic SRS with PUSCH could be supported in LAA UL.

Proposal 2: Periodic SRS with PUSCH could be supported.


SRS Bandwidth

In legacy LTE, both narrow band SRS and wideband SRS are supported. In LAA, considering the requirements on the occupied channel bandwidth, narrow band SRS would not be a valid option, and thus only wideband SRS should be considered. Since some UEs at cell edge may not have sufficient power to transmit over the wide band, an RB level interlace method could be considered to reduce the number of RBs for SRS. For example, UE could be configured to transmit on RB number n, where n satisfies n mod 5 = 0, and then the power is spread over 1/5 of total RBs. Note that in Rel-13, instead of 2 comb offsets, 4 comb offsets could be selected, which would be also helpful for power limited UE. Combining RB level interlace method with 4 comb offsets, the power limited problem could be solved. Moreover, by applying frequency hopping on SRS, the RB level interlace method can ensure UE sounding over the whole bandwidth.


Proposal 3: Only wideband SRS should be supported in LAA. An RB level interlace method could be used for power limited UE.


Aperiodic SRS triggering

Aperiodic SRS triggering can use the legacy design as a starting point, i.e. an indicator in DCI can be used to trigger a single SRS transmission according to a set of parameters that is configured beforehand by RRC signaling. In legacy LTE,

“A UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a positive SRS request in subframe n of serving cell c shall commence SRS transmission in the first subframe satisfying [image: ] and 
[image: ] for TDD serving cell c with [image: ] and for FDD serving cell c, 
[image: ] for TDD serving cell c with [image: ]” .

In LAA, it would be a problem if the triggered UE follows the SRS transmission rule in legacy LTE. If only aperiodic SRS with PUSCH is supported, the triggered UE may wait too long to transmit SRS because the UE may not have granted PUSCH on the configured subframe. A possible solution is that eNB only triggers aperiodic SRS with DCI format 0/4, which is used to schedule resource on the PUSCH, and the SRS transmission time binds with the granted PUSCH. In this way, UE could always transmit aperiodic SRS along with PUSCH.


Proposal 4: eNB only triggers aperiodic SRS with DCI format 0/4, which is used to schedule resource on the PUSCH, and the SRS transmission time should bind with the granted PUSCH.
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In this contribution, we provide our views on SRS design in LAA. We have 

Proposal 1: SRS without PUSCH should not be supported. 

Proposal 2: Periodic SRS with PUSCH could be supported.

Proposal 3: Only wideband SRS should be supported in LAA. An RB level interlace method could be used for power limited UE.

Proposal 4: eNB only triggers aperiodic SRS with DCI format 0/4, which is used to schedule resource on the PUSCH, and the SRS transmission time should bind with the granted PUSCH.
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