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1
Introduction
In RAN1#84bis, the following agreement was made on SRS transmission in LAA.

.Agreement:
· Working assumption: Periodic SRS without PUSCH is NOT supported in Rel-14 eLAA WI

· A-periodic SRS without PUSCH is supported at least in DL ending partial subframes in Rel-14 eLAA WI

· FFS the case of UL subframes 

· LBT for aperiodic SRS without PUSCH

· 25us one-shot LBT within eNB MCOT;

· Cat 4 LBT outside of eNB MCOT 

· FFS contention window size parameters, including possibility of non-adapting contention window size

· FFS no LBT if SRS is transmitted within 16us of the DL transmission within eNB MCOT

· FFS whether or not the eNB can indicate a LBT type

Agreement:
· Aperiodic SRS without PUSCH can be triggered by dynamic signaling at least via DL grants

· UE is configured by RRC one or more sets of SRS parameters

· The configuration details are FFS

· FFS other possible triggering mechanisms,  e.g.:

· Group DCI

· UE-specific DCI

· One or several of the above options may apply

Agreement:
· Only wideband SRS transmission in supported in eLAA

· Existing max # SRS RBs for a given system bandwidth is the baseline

· FFS whether or not to extend/shift to # of RBs > max # RBs in the legacy case

· Working assumption: SRS is based on legacy comb structure

· As a baseline, comb = 2 and 4

· FFS whether or not support different comb value(s)
Agreement:
SRS, if present in a UL subframe, is transmitted at the end of the subframe
In this document, we discuss various aspects of the SRS design for LAA. 
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SRS waveform
In RAN1#84bis, it was agreed that only wideband SRS transmission is supported in eLAA. Thus, there are only possible options under consideration.
1. SRS is based on interlace structure 

2. SRS is based on the comb structure

3. SRS is based on interlace + comb structure

When the UE is operating at the edge of the cell and may be close to being power limited, the number of REs that have to be occupied in the interlace based design is 120 while the number of REs on which SRS when using the comb is 300 (assuming comb = 4). When using an interlace + comb structure the total number of REs is 60.
From this perspective, it might be beneficial to consider the interlace structure as the SRS will be usable even at the cell edge in eLAA. However, there is a downside to using an interlace based approach as it results in a coarser sampling of the channel in frequency. One approach is to use an interlace + comb structure with 2 equally spaced interlaces (example interlace 0 and 5) results in a comparatively finer sampling of the channel. 
We propose that RAN1 discuss this trade-off between channel sampling and SRS usability at cell edge before confirming the working assumption for SRS based on the legacy comb structure. 
Proposal

1. RAN1 to discuss the tradeoff between channel sampling frequency and SRS usability at cell edge before confirming the working assumption for SRS based on the legacy comb structure.
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SRS procedures
3.1

SRS and PUSCH multiplexing
We discuss in detail aspects of PUSCH and SRS multiplexing in our companion paper in [1]. The main conclusions are summarized below.
1. Periodic transmission of SRS is not supported in eLAA. 
2. Aperiodic SRS without PUSCH is supported in UL subframes
3. PUSCH and SRS are power controlled independently and can be transmitted at different power within a subframe as in Rel-12 LTE

3.2

Configuration of SRS resources
In current LTE, periodic SRS resources are configured and after receiving a DL or UL grant with an SRS trigger, a UE transmits the SRS in the first valid subframe with SRS configuration. However, for an eLAA SCell, the SRS resources still need to be defined. We propose multiple options for configuring SRS resources in eLAA
3.2.1
RRC based periodic resource configuration

SRS resources are configured periodically by RRC as in the current LTE spec. A configured SRS resource is considered valid for SRS transmission if it is the last symbol of a

1. DL end partial subframe 

2. UL subframe
Common PDCCH based signalling in each transmission burst indicates to the UE the number of following valid UL subframes for SRS transmission. 
3.2.2
Dynamic resource indication
In this configuration, the resources for SRS are determined dynamically based on indication in either common signalling or in the DCI. For example, 

1. If SRS is triggered in an UL grant, then transmit SRS with the PUSCH. 

2. If SRS is triggered in a DL grant, then transmit SRS in the end partial subframe or in one of the UL subframes. In this case, the location of SRS transmission also needs to be dynamically indicated to the UE or derived by the UE and it is up to the eNB to ensure that SRS resources are available by blanking transmissions from other UEs.
If SRS is triggered using a common DCI or a group DCI then, RAN1 should discuss the following aspects

1. Impact on UE blind decoding for monitoring a new DCI

2. Timeline for SRS transmission after a grant is received. 
Proposal

1. RAN1 to choose between RRC based periodic configuration of SRS resources and dynamic resource indication
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Conclusions
Proposal 

1. RAN1 to discuss the tradeoff between channel sampling frequency and SRS usability at cell edge before confirming the working assumption for SRS based on the legacy comb structure.

2. Periodic transmission of SRS is not supported in eLAA. 
3. Aperiodic SRS without PUSCH is supported in UL subframes
4. PUSCH and SRS are power controlled independently and can be transmitted at different power within a subframe as in Rel-12 LTE

5.  RAN1 to choose between RRC based periodic configuration of SRS resources and dynamic resource indication
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