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1. Introduction 
In the last RAN WG1 Meeting #84bis, the following agreements on the SRS transmission were made [1].

	Agreements:
· 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
Agreements:
· 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
Agreements:
· 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)
Agreements:
SRS, if present in a UL subframe, is transmitted at the end of the subframe



In this contribution, the following open issues are discussed: 
1. Support of aperiodic SRS without PUSCH in regular UL subframes
2. LBT type for SRS and the indication
3. RRC configuration for SRS and triggering method
4. Extension of number of RBs for SRS
2. Open issues on SRS for eLAA
2.1. Support for aperiodic SRS without PUSCH in regular UL subframe 
In the last RAN1 WG1 Meeting #84bis, it was agreed that aperiodic SRS without PUSCH is supported at least in DL ending partial subframes. It was also agreed that if SRS presents in a UL subframe, it is transmitted at the end of the subframe as in the legacy system. This implies that if a UE transmitting SRS only is multiplexed with other UE(s) transmitting PUSCH, at least symbol #12 of the subframe needs to be blanked to make a room for LBT for the UE transmitting SRS only. This is however an inefficient design as the symbols for PUSCH is further shortened. Furthermore, blanking symbol #12 was not considered so far. 
Nevertheless, the aperiodic SRS without PUSCH can be still useful in the following scenarios:
1. There is no UE having buffered data but the eNB wants to trigger SRS to update the channel condition between the UEs and itself. If then the eNB can schedule a subframe only for SRS transmission and there in no other UEs transmitting PUSCH in the same subframe in the cell such that LBT can be performed before SRS transmission.
2. Since the special subframes cannot be scheduled via cross-carrier scheduling, if aperiodic SRS without PUSCH is not supported in regular UL subframe, there is no way to allow SRS only transmission. We thus think that supporting SRS without PUSCH in regular subframe has benefit for cross-carrier scheduling. As in the previous scenario, the eNB can schedule a subframe only for SRS transmission with no other UEs scheduled to transmit PUSCH such that LBT can be performed appropriately. 
The Figure 1 below illustrates the SRS only transmission for the above discussed scenarios. The SRS only transmission in regular UL subframes can be allowed when there is no scheduled PUSCH transmission by any other UE in the same subframe. Consequently, the LBT can be performed properly prior to the SRS transmission.  



Figure 1. SRS only transmission in regular UL subframe

Proposal 1: The aperiodic SRS without PUSCH is allowed in regular UL subframe only when there is no PUSCH scheduled for any other UE in the same subframe. 
The SRS only transmission with no PUSCH transmission by any UE in the same subframe can be seen extravagant. Note however that it is aperiodic SRS based on the triggering. Thus, the eNB may trigger such SRS only transmission only when network is not congested, which is up to eNB. 
2.2. LBT type for SRS and indication 
It was agreed in the last RAN WG1 Meeting #84bis that 25us one-shot LBT is used for aperiodic SRS without PUSCH within existing MCOT. When SRS is transmitted in the special subframe, no LBT can be considered if SRS transmission follows preceding DL transmission within 16 us, as it is being discussed in ETSI BRAN. 
Proposal 2: SRS can be transmitted with no LBT if it follows preceding DL transmission within 16 us. 
For SRS transmission outside MCOT, Cat 4 LBT with highest priority can be used as it is one symbol transmission and does not accompany any other transmission.
Proposal 3: Cat 4 LBT with highest priority is used for aperiodic SRS without PUSCH outside MCOT. 
As different LBT types can be used depending on whether the SRS transmission occurs within or outside MCOT and also even within MCOT, it is necessary that the eNB indicates the LBT type to be used for SRS transmission in the triggering message. 
Proposal 4: The eNB indicates LBT type to be used for SRS transmission without PUSCH. 
2.3. RRC configuration for SRS and triggering method 
In the legacy system, the aperiodic SRS transmission is based on two RRC configurations: the cell-specific and UE-specific SRS configurations. The cell-specific SRS configuration defines the subframes within which the SRS can be potentially transmitted, and the available bandwidth options. The UE-specific SRS configuration specifies the antenna port, SRS bandwidth and frequency domain position, comb type and cyclic shift to be used. For different DCI formats, separate RRC configuration elements are used. Upon the reception of SRS request, the UE transmits SRS in the first available subframe, defined in the cell-specific SRS configuration, after four subframes later. 
As the transmission opportunities are not guaranteed and also the frame structure is dynamically changing in LAA SCells, preconfiguring the subframes in which SRSs can be transmitted may be practically less meaningful. On the other hand, one reason of configuring the subframes for SRS transmission in a cell-specific manner is to shorten the PUCCH such that PUCCH and SRS does not interfere with each other. However, it was agreed in RAN WG1 Meeting #84bis that PUCCH on LAA SCell is not introduced within the current scope. Even if PUCCH is introduced in a later stage, the presence of SRS transmission would have to be signaled in a dynamical manner such as common PDCCH signaling rather than RRC configuration. We thus see that obtaining the SRS transmission timing directly from the reception of triggering DCI would be a more reasonable design for LAA SCells. The timing between triggering DCI and the subframe in which the SRS is transmitted can be four subframes. 
Proposal 5: The timing of the subframe in which SRS is transmitted is directly obtained from the timing of the triggering DCI.  
To trigger the SRS transmission, the UE-specific DCI should be supported as it is supported in the legacy. Furthermore, group DCI can be introduced to allow efficient triggering of SRS. The UEs within a group shall be assigned exclusive resource for SRS, i.e., comb type and cyclic shift. 
Proposal 6: In addition to UE-specific DCI, group DCI is introduced for eLAA. The UEs within a group are assigned a combination of comb type and cyclic shift in an exclusive manner. 
On the other hand, to minimize the additional specification effort, we propose to confirm the current working assumption on the use of legacy comb structure.
Proposal 7: SRS for eLAA is based on legacy comb structure.
As it was also agreed in RAN WG1 Meeting #84bis, only wideband SRS transmission is supported in eLAA. Therefore, SRS bandwidth and frequency domain position are not needed to be signaled. The fields for SRS bandwidth and frequency domain position can be reused for other purposes depending on the enhancements to be introduced for eLAA SRS such as group triggering or the increase in the number of combs.
Proposal 8: In the UE-specific RRC configuration for aperiodic SRS transmission, the antenna port, comb type and cyclic shift are configured whereas fields for SRS bandwidth and frequency domain position can be used for different purposes for instance the group ID indication. The fields for comb type can be extended if more number of combs are supported for eLAA.
2.4. Extension of number of RBs for SRS
In the legacy system, the SRS transmission can occupy bandwidth up to 96 RBs for 20 MHz carrier bandwidth. It is not conceivable that extending the RBs for SRS or shifting would have any impact on the accuracy of wideband channel estimation.
Proposal 9: The existing maximum number of SRS RBs for a given system bandwidth is used for SRS transmission for eLAA. 
3. Conclusions
In this contribution, we discussed several open issues on the SRS for eLAA and made the following proposals. 

[bookmark: _GoBack]Proposal 1: The aperiodic SRS without PUSCH is allowed in regular UL subframe only when there is no PUSCH scheduled for any other UE in the same subframe. 
Proposal 2: SRS can be transmitted with no LBT if it follows preceding DL transmission within 16 us. 
Proposal 3: Cat 4 LBT with highest priority is used for aperiodic SRS without PUSCH outside MCOT.
Proposal 4: The eNB indicates LBT type to be used for SRS transmission without PUSCH.
Proposal 5: The timing of the subframe in which SRS is transmitted is directly obtained from the timing of the triggering DCI.  
Proposal 6: In addition to UE-specific DCI, group DCI is introduced for eLAA to trigger SRS transmission by a group of UEs with single triggering message. 
Proposal 7: SRS for eLAA is based on legacy comb structure.
Proposal 8: In the UE-specific RRC configuration for aperiodic SRS transmission, the antenna port, comb type and cyclic shift are configured whereas fields for SRS bandwidth and frequency domain position can be used for different purposes for instance the group ID indication. The fields for comb type can be extended if more number of combs are supported for eLAA.
Proposal 9: The existing maximum number of SRS RBs for a given system bandwidth is used for SRS transmission for eLAA. 
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