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1 Introduction

Part of the objective of the WI on enhanced LAA (eLAA) [1], is 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]

· Specify support for PUSCH and SRS

The design aspects that should be considered for supporting SRS transmission for the operation on an unlicensed band were discussed and the discussions resulted in the following agreements in RAN1#84bis [2]:

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)
Agreements
SRS, if present in a UL subframe, is transmitted at the end of the subframe
In this contribution, we discuss the structure of the SRS including the physical layer design and triggering mechanism of the aperiodic SRS transmission [3].
2 Discussions 
The agreements from the last meeting allow aperiodic SRS to be transmitted with or without PUSCH and when transmitted without PUSCH, in both DL subframe with partial TTIs as well as UL subframes. The working assumption on the structure of the SRS was to base it on the legacy comb structure. Considering that the UL PUSCH transmissions will be based on an interlaced structure where the interlacing is done with a granularity of 1 PRB, the working assumption on using the legacy comb structure is not a good decision in our view. There are significant benefits to the SRS in this case following an interlaced structure similar to the PUSCH.
The main problem with using the legacy comb structure is that the SRS cannot be multiplexed with PUSCH or any other signals that may be defined in future releases based on the interlaced structure. Considering that in unlicensed bands, interlacing has been decided based on regulatory and coexistence constraints, an interlaced structure should be seen as a fundamental building block for signals and channels other than the PUSCH as well.
2.1 UCI transmission in DL partial subframes

The region in a DL subframe after a partial TTI is a valuable opportunity to send critical information on the uplink. The possibility of sending uplink control information including HARQ-ACKs was discussed in [4]. This region in the subframe is especially valuable in the context of operation in unlicensed spectrum since the sharing of transmission opportunities between the eNB and UEs is a fundamental principle based on which transmissions on the uplink are enabled with very short or no listen-before-talk (LBT) operations. In Wi-Fi, ACKs are sent without performing any LBT within 16 microseconds of reception of a transmission on the downlink. Such a possibility for transmission of HARQ-ACKs in eLAA would be very useful and therefore the motivation to introduce some mechanisms to do this will be strong in this and future releases.

In order to reduce control overhead, 802.11 adopts the Block ACK mechanism which allows the transmission of a single frame containing a consolidated set of ACKs in immediate response to multiple data frames. To be competitive with Wi-Fi technology, it is hence advantageous for LAA to incorporate a similar fast shortened PUCCH mechanism particularly in heavy DL traffic cases. In Rel-13, ending partial TTIs were introduced such that the DL transmission can cease before the end of the last DL subframe. This leaves room in the remainder of the subframe. One possible use is to introduce a shortened PUCCH (using, e.g., two to four OFDM symbols) such that the UEs can send HARQ-ACK quickly and without LBT as illustrated in Figure 1. Similar to the Wi-Fi protocol, the gap between the end of the DL transmission and the shortened PUCCH should be kept short, e.g., less than 25 μs. If no LBT is needed for the HARQ-ACK transmission, then the gap should be close to 16 μs. If LBT is needed for HARQ-ACK transmission, then the gap should be set to 25 μs.
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Figure 1: Shortened PUCCH within the DL ending partial subframe.
When some mechanisms for transmission of control information in DL subframes with ending partial TTIs are introduced, it would make much more sense to use the fundamental interlace structure than an entirely different design. The interlaced structure would allow different UEs to send control information on different interlaces. Now, if the SRS signal structure does not use an interlaced structure, then SRS transmissions from some UEs cannot be multiplexed with control transmissions transmissions from other UEs. This problem also exists for SRS in UL subframes even if forward compatibility is not considered, where the entire last OFDM symbol must be sacrificed for PUSCH transmissions by a UE even if the UE is not sending SRS. This can be avoided if the SRS structure is based on the same interlaced structure used for the PUSCH and it occupies only some of the interlaces.

Another aspect with the legacy SRS design is the issue of power ramping where a UE may transmit with different power spectral density in the SRS symbol as opposed to the other symbols. In this case, there may be some loss in estimation performance due to this power ramping. If the SRS structure were to use an interlaced structure, this problem could be mitigated more effectively by configuring a UE that has PUSCH transmissions along with SRS in the same UL subframe to use the same interlaced resources.

Considering the above discussion there are significant benefits to using an interlaced structure for the SRS and therefore we propose the following.
Proposal: 
· Aperiodic SRS occupies the same interlaced frequency resources as allocated for the UE’s PUSCH in the same subframe. 
2.2 SRS based on an interlaced structure
Some design options for the SRS based on an interlaced structure were discussed in [3] and are summarized below for convenience. 
In the option shown in Figure 2, denoted as option 1a, multiplexing the SRSs transmitted from multiple antenna ports per UE and/or multiple users can be based solely on cyclic shifts.
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Figure 2: SRS design option 1a.
Alternatively, option 1b is illustrated in Figure 3. In this option, in addition to cyclic shifts, SRSs can be multiplexed in a comb-like fashion (transmitted on every other subcarrier) within the interlace. An example of this option, shown in the figure, is that SRS on even antenna ports are transmitted on even subcarriers while SRS for odd antenna ports are transmitted on odd subcarriers. 

On top of option 1b, user multiplexing by frequency division and cyclic shifts in each subframe of one interlace can be made flexible and configurable. For example, the comb pattern, i.e. the subcarrier mapping per user or antenna port can be configurable. The configuration information can be indicated by the eNode-B in the UL grant and/or higher layer signalling.  This is denoted as option 1c. 
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 Figure 3: SRS design option 1b
In addition, an option 2a can be considered, in which SRS transmission per user involves two interlaces and a 2-comb is used in each interlace. As exemplified in Figure 4, SRS is transmitted on the even subcarriers in the assigned interlace x (interlace #0 in the figure) and on the odd subcarriers in the interlace mod(x+5, 10) (interlace #5 in figure). 
Alternatively, another option, option 2b is that SRS is transmitted on the even subcarriers of interlaces x and mod(x+5, 10) if x<5 while on the odd subcarriers if x>=5. 
Proposal: 

· Multiplexing of multiple antenna ports and/or users using comb-like structures within the allocated interlaced resources is supported for the aperiodic SRS. 
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Figure 4: SRS design option 2a
For aperiodic SRS without PUSCH transmitted in DL subframes with partial TTIs, the SRS can be transmitted in multiple symbols. This approach is similar to the legacy behaviour where in legacy UpPTS, up to 4 symbols can potentially be used for aperiodic SRS without PUSCH. After the ending DL partial TTI the non-scheduled UEs can perform CCA before transmitting SRS. If in the future the transmission of control information after the ending partial TTI within a DL subframe is defined, it can be based on an interlaced structure and can be transmitted in parallel with the SRS for some UEs. As discussed earlier, this would not be possible with the legacy comb structure which would force the eNB to essentially drop SRS transmissions in these DL subframes since the transmission of control information has much higher priority.
The triggering mechanism for aperiodic SRS without PUSCH can be based on a DCI message to corresponding UEs as it is currently supported in LTE or by the Rel-13 common PDCCH in the ending partial and/or previous subframe. To enable this functionality, additional bits are needed in the common PDCCH.

Moreover, higher layer signalling can be used for SRS configuration such as its duration and occasion in a subframe. In this case the eNB has the flexibility to distribute the SRS transmission of different UEs in different time occasions. For example different UEs may be configured to transmit SRS depending on a given frame number and/or subframe number combination. Alternatively SRS duration and/or occasion in the ending partial subframe can be indicated to the UE by the DCI message.
Another approach is that when the SRS transmission is triggered in the ending partial subframe, the UE can determine the duration of SRS based on the length of the DL partial TTI in that subframe according to some rules. A simple rule can be to assume 4 symbol SRS for ending partial subframes of length 3 and 6, and 1 or 2 symbol SRS for the rest.
Finally since the transmission of SRS is subject to LBT, it is beneficial to allow variable SRS duration as the result of LBT outcome. In other words if the initial duration of SRS is more than one symbol, in case the LBT fails for transmission of the first SRS symbol, the UE can proceed to perform LBT in the next symbol if that symbol belongs to SRS and so on.
Based on the above discussion we propose the following:

Proposals: 
· SRS transmissions in DL subframes with partial TTIs can span multiple symbols.
· The transmission opportunities for SRS in UL subframes can be signaled via RRC signaling and can be dynamically triggered using signaling in DCI messages
· The transmission opportunities for SRS in DL subframes with ending partial TTIs can be signaled via RRC signaling and can be dynamically triggered using signaling in the Rel-13 common PDCCH in the subframe with partial ending TTI or in the previous subframe
3 Conclusions
In this contribution we have discussed the structure of the SRS considering current needs and future compatibility and propose the following:

Proposals:

· Aperiodic SRS occupies the same interlaced frequency resources as allocated for the UE’s PUSCH in the same subframe.
· Multiplexing of multiple antenna ports and/or users using comb-like structures within the allocated interlaced resources is supported for the aperiodic SRS.
· SRS transmissions in DL subframes with partial TTIs can span multiple symbols with the same signal repeated in each symbol.

· The transmission opportunities for SRS in UL subframes can be signaled via RRC signaling and can be dynamically triggered using signaling in DCI messages

· The transmission opportunities for SRS in DL subframes with ending partial TTIs can be signaled via RRC signaling and can be dynamically triggered using signaling in the Rel-13 common PDCCH in the subframe with partial ending TTI or in the previous subframe
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