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1 Introduction

In the RAN1 84bis meeting, SRS design for LAA SCell was discussed and there are the following agreements [1]:

· 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

· 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

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

In this contribution, design for configuring and triggering aperiodic SRS(A-SRS) are discussed.
2 Working assumption on periodic SRS

Considering the opportunistic channel occupancy in LAA SCell, it is hard to guarantee periodic SRS transmission in the subframes based on predefined periodicity and subframe offset. Therefore, the working assumption “periodic SRS without PUSCH is NOT supported in Rel-14 eLAA WI” should be confirmed. 

Proposal 1: Confirm the working assumption “periodic SRS without PUSCH is NOT supported in Rel-14 eLAA WI”.
3 A-SRS configuration and triggering in the existing system
Up to Rel.13, A-SRS transmission is based on RRC configurations and DCI triggering. A-SRS parameters for number of antenna ports,  transmission bandwidth, frequency position, Comb, cyclic shift are preconfigured by RRC signal for the UE. In time domain, cell-specific subframe period and subframe offset and UE-specific subframe period and subframe offset are respectively configured for A-SRS transmission[2]
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For triggering A-SRS transmission, “SRS request” bit field is included in DCI formats for PUSCH scheduling and some of DCI formats for PDSCH scheduling. The contents in “SRS request” denote whether A-SRS transmission is triggered or not, and which set of parameters are triggered if more than one set of A-SRS parameters are configured.
4 A-SRS transmission in LAA SCell
In [5], A-SRS configurations for LAA SCell in frequency domain are discussed. For time domain configuration, as discussed for periodic SRS, the channel availability is hard to match predefined subframes considering the opportunistic channel occupancy. As a result, subframe configuration through RRC signalling may not be useful for A-SRS transmission in LAA SCell. Consequently, it is proposed exempt both cell-specific and UE-specific A-SRS subframe configuration in LAA SCell.
Proposal 2: Exempt both cell-specific and UE-specific A-SRS subframe configuration for LAA SCell. 

4.1 A-SRS with PUSCH in LAA SCell

When A-SRS is transmitted together with PUSCH, the triggering command can be carried in the DCI format(s) for PUSCH scheduling. The LBT procedure for A-SRS should be contained by the LBT procedure for the PUSCH transmission. Then there is no need of introducing additional bit field of “SRS LBT type” in the scheduling information.
For single-subframe (SSF) scheduling, the SRS is transmitted in the subframe for PUSCH transmission. For multi-subframe (MSF) scheduling, according to agreements in the email discussion after the last meeting [4], the bit field of “SRS triggering” would be per MSF. Then A-SRS should be transmitted in one of the scheduled subframes by MSF. Thus the subframe for the A-SRS transmission should be determined. One possible solution is to indicate the subframe for SRS transmission explicitly in the PUSCH scheduling information. Alternatively, implicit indication can also be considered. For example, to increase the A-SRS transmission possibility, it is better to implicitly indicated A-SRS is transmitted in the last subframe scheduled for PUSCH transmission by MSF. Considering it is possible the last symbol in the last scheduled subframe for PUSCH is blanked for LBT procedures of other UEs, it is proposed the A-SRS is transmitted in the second last subframe for these cases.

Proposal 3: A-SRS subframe indication is included in multi-subframe scheduling DCI. Alternatively, the triggered A-SRS is transmitted in the last or last second scheduled subframe. 

4.2 A-SRS without PUSCH in LAA SCell

A-SRS without PUSCH can be transmitted in DL ending partial subframes or in the last symbol of a UL subframe. It was agreed in the last meeting that A-SRS without PUSCH can be triggered by dynamic signaling at least via DL grants. Since there is no PUSCH along with the A-SRS, bit field of “SRS LBT type” should be introduced in the DL grant for A-SRS triggering. Moreover, since the number of occupied OFDM symbols by DL transmission could be 3, 6, 9, 10, 11, 12, the remaining number of OFDM symbols for UL transmission could be 11 at most. Thus more than one symbols in DL ending partial subframes could be used for A-SRS without PUSCH for different UEs. Then the position of OFDM symbol for A-SRS transmission should be indicated in the DL grant for A-SRS triggering or implicitly decided by UE-ID. For example, the symbol for A-SRS is the symbol #(UE-ID mod N) where N is the number of symbols for A-SRS in the subframe. 
Proposal 4: For A-SRS without PUSCH, the bit field of “SRS LBT type” is included in the DL grant. In a DL ending partial subframe, the position of symbol for the triggered A-SRS is explicitly or implicitly indicated. 

Moreover, If only DL grant is allowed for A-SRS without PUSCH triggering, the UEs that have no PDSCH transmission scheduling can not trigger A-SRS or some fake DL scheduling should be indicated for this UE just for providing A-SRS related fields. This is inefficiency and may lead to great challenges for the control channel capacity. A feasible solution is to introduce group DCI for triggering A-SRS without PUSCH for a group of UEs.
Proposal 5: Introduce group DCI to trigger A-SRS without PUSCH in LAA SCell. 

5 Design of group DCI for A-SRS triggering

In this section, design of group DCI to support triggering A-SRS in a UL subframe and DL ending subframe is discussed.

The UE should get the information of whether A-SRS is triggered or not, in which subframe/symbol the triggered A-SRS should be transmitted, and the “LBT type. 
Information of subframe/symbol for the triggered A-SRS
For A-SRS without PUSCH in a UL subframe, it was agreed that SRS is transmitted in the last symbol. Then there is no need of indicating the position of symbol within one subframe for A-SRS transmission
For A-SRS without PUSCH in a DL ending partial subframe, the UE should be informed of the symbol position for A-SRS transmission. 
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Fig. 1 Example of symbol positions in the DL ending partial subframe
In figure 1, if  3 symbols in the DL ending partial subframe can be used for SRS transmission, the position of these 3 symbols could be the symbol {#8, #10, #12} while the symbol #7, #9, #11 could be used for CCA operation.
The first option is to explicitly indicate the symbol position for each UE in the group DCI, which requires most DCI bits.

A second option is to indicate the selected candidate {#8, #10, #12 } in a common/group signalling while each UE only needs to know its transmitting symbol within the candidate.

A third option is to indicate the selected candidate {#8, #10, #12 } in a common/group signalling while each UE implicitly acquires its transmitting symbol by mod with its UE-ID. This method saves most overhead. 

Proposal 6: For A-SRS without PUSCH in a DL ending partial subframe, the symbol information for SRS transmission can be provided with:

· Explicit signal in the group DCI, or ;

· Explicit signal of a selected pattern, while the A-SRS symbol is explicit selected within the pattern or implicitly derived by UE-ID .

Information of “LBT type” for the triggered A-SRS
For A-SRS without PUSCH in a UL subframe, it is very possible the UL subframe is out of eNB MCOT. It is possible that Cat 4 LBT should be used for A-SRS which is outside of eNB MCOT and the corresponding contention window size is not fixed, In addition, there is also possibility of the A-SRS transmission in a UL subframe is within the eNB MCOT which 25 us one-shot LBT could be used. Then the parameter of “SRS LBT type” should be indicated to the UE. It is noticed the LBT type for a group of UEs is possible to be the same. For example, if A-SRS from multiple UEs are multiplexed in one symbol, the same LBT parameters could be used to avoid inter-UE blocking. Comparing with inform the “LBT type” information to each of the UEs in the group one by one, it would be efficient to indicate the “LBT type” with a common bit field for these UEs.

For A-SRS without PUSCH in a DL ending partial subframe, 25us one-shot LBT is very much possible to be used since the eNB can guarantee the symbol for A-SRS transmission is within the eNB through scheduling restriction. However, scheduling flexibility is impacted. Moreover, the design of group DCI should satisfy the requirement of all kinds of possibilities. Considering it is also possible that the A-SRS without PUSCH in a DL ending partial subframe is out of eNB MCOT, the parameter of “SRS LBT type” should also be indicated to the UE. Similar with A-SRS without PUSCH in a UL subframe, common LBT field for a group UEs which transmit A-SRS in the same symbol can help to save the indication overhead.
Proposal 7: Introduce common LBT field for the group UE to transmit A-SRS without PUSCH in the same symbol.

6 Conclusion
In this contribution, design for configuring and triggering aperiodic SRS(A-SRS) are discussed. The following proposals are reached.
Proposal 1: Confirm the working assumption “periodic SRS without PUSCH is NOT supported in Rel-14 eLAA WI”.
Proposal 2: Exempt both cell-specific and UE-specific A-SRS subframe configuration for LAA SCell. 

Proposal 3: A-SRS subframe indication is included in multi-subframe scheduling DCI. Alternatively, the triggered A-SRS is transmitted in the last or last second scheduled subframe. 

Proposal 4: For A-SRS without PUSCH, the bit field of “SRS LBT type” is included in the DL grant. In a DL ending partial subframe, the position of symbol for the triggered A-SRS is explicitly or implicitly indicated. 

Proposal 5: Introduce group DCI to trigger A-SRS without PUSCH in LAA SCell. 

Proposal 6: For A-SRS without PUSCH in a DL ending partial subframe, the symbol information for SRS transmission can be provided with:

· Explicit signal in the group DCI, or ;

· Explicit signal of a selected pattern, while the A-SRS symbol is explicit selected within the pattern or implicitly derived by UE-ID .

Proposal 7: Introduce common LBT field for the group UE to transmit A-SRS without PUSCH in the same symbol.
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