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1. Introduction
At the RAN#70 meeting, the new WI proposal on “enhanced LAA for LTE”(eLAA) was approved [1]. This WI targets to specify support for UL carrier aggregation for LAA SCell(s) using Frame Structure type 3. In the WID of eLAA, it is described about the specifying support for SRS. During Rel-13 LAA SI stage [2], some agreement about SRS transmission on LAA SCell [3] has been reached and can be regarded as a starting point for the SRS design of eLAA WI.
Agreements:
· 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 the RAN1 #84 meeting, the following agreement was reached [4]:
Agreements:

· 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
Further, in the #84bis meeting, some agreement on SRS has been reached [5]:  

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 contribution, more details about SRS transmission for eLAA are presented. 
2. SRS Transmission Structure
In this section, we will discuss the cases of possible SRS transmission with PUSCH and without PUSCH separately for the SRS transmission on unlicensed carrier.
2.1. SRS with PUSCH

In the case of SRS transmission with concurrent PUSCH, SRS is transmitted in the last symbol of the subframe, which is same as the legacy behavior. Wherein, the last symbol of this subframe is also used as CCA gap for PUSCH in the next subframe. Based on this, one immediate issue related to the use of SRS is its presence in the last OFDM symbol of an UL subframe, which could potentially impede CCA/LBT done prior to the next following subframe.

To solve this problem, one possible way is that some SRS REs are reserved to be blank for other UEs’ CCA in the same OFDM symbol. For instance, SRS can be transmitted on odd numbered REs while CCA position for the UE of the next subframe is located in even numbered REs in frequency domain resource, as shown in Figure 1. Furthermore, when multiple UEs simultaneously detect the idle channel, previous SRS multiplexing methods among UEs can also be supported. 
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Figure 1: The frequency domain location of CCA and SRS in one symbol

The advantage of this method is that the standardization effect is small. Although available SRS resources are reduced as CCA position occupies a part of the frequency domain resources.

Another possible way is that modify the existing SRS location, e.g. SRS is the first symbol of a PUSCH subframe. But this may lead to a larger specification impact such as PUSCH data mapping and PUCCH etc.

In addition, a method can be considered to modify the CCA position to solve the above problem, e.g. CCA position is the first symbol of subframe, PUSCH transmission is started from OFDM symbol 1. However, SRS is still in accordance with the existing specification. 

Proposal 1: When SRS symbol location conflicts with CCA position for scheduled UE of the next subframe, methods to limit the frequency resource location of SRS should be considered.

2.2. SRS without PUSCH

According to the conclusion at the RAN1#84bis meeting, A-periodic SRS without PUSCH is supported at least in DL ending partial subframe. While the number of remaining symbols after ending partial subframe can be informed by common DCI. In order to increase the opportunity to transmit SRS, it can be considered to make the position of SRS symbol to be started or determine the candidate position of the SRS symbol after on symbol from the DL ending partial subframe by RRC and/or L1 signalling. Further, the last two symbols in the DRS subframe can also be used to send SRS during the DL transmission burst.
In addition, the SRS without PUSCH also can be considered in the UL subframe transmission. The symbol position can be reused from the existing specification (e.g. on the last symbol of the UL subframe).
Proposal 2: For SRS without PUSCH case, SRS can be transmitted in the following locations:

· The last symbol of UL subframe.
· Remaining symbols after ending partial subframe. 
· Determines the starting position of the SRS transmission, or the candidate SRS transmission symbol location by RRC and/or L1 signalling.
· Last two symbols in the DRS subframe.

Although SRS transmission without PUSCH has been supported for LAA the LBT procedure should still be required to satisfy the regulatory requirement. The benefit of LBT of the SRS is not only the avoidance of potential collision with other nodes, but also the accurate interference estimation. Besides, SRS has 1-symbol duration, which is much shorter than DRS. Thus, the LBT design for DRS or one-shot LBT could be used for SRS without PUSCH. Whether one-shot LBT needs to be enhanced can be further studied. 

On the other hand, SRS may be considered as “short control signalling transmission” so that a UE can transmit SRS without LBT operation. Otherwise, when eNB indicates that SRS can be sent on a particular subframe the UE doesn’t perform LBT operation and transmit SRS. This can reduce the complexity of UE detection and save UE’s power consumption. However, some additional UE signalling may be required.

Note that the CCA position for SRS is located before the SRS symbol, e.g. on the last second symbol or on the last symbol of the subframe before SRS subframe.

Proposal 3: LBT for SRS without PUSCH can also be considered as follows:

· LBT for DRS.

· Enhanced One-shot LBT.

3. Aperiodic SRS Triggering and Parameter Configuration

Aperiodic SRS triggering can use the legacy design as a starting point, e.g. 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 signalling.

However, if LAA performs opportunistic DL/UL transmission according to DL/UL buffer status, configured SRS subframe by RRC signalling may not be a UL subframe or even can be used as a DL subframe. In addition, if the SRS subframe configuration is used in LAA, the UE has to decide the validity of the SRS subframe. Therefore, the SRS subframe configuration may restrict the opportunity of SRS transmission while increasing UE complexity. 

c. Based on this, the SRS subframe can be considered to be dynamically configured by L1 signalling. Wherein, L1 signalling includes UE specific DCI (e.g. DCI format 0/4) or DL grant (e.g. DCI format 1A/2B/2C/2D) or common DCI (e.g. DCI format 1C). Specifically, add the SRS subframe field in the above DCI signalling. Besides, the SRS subframe can also be implicitly determined, e.g. the first UL subframe after DL transmission burst or the odd/even subframes within UL transmission burst or DL ending partial subframe or DRS subframe, etc.
Even more, based on the content of the last section, the candidate of the position of the SRS symbol after DL ending partial subframe can also be informed by L1 signalling.
Proposal 4: Based on the LAA opportunistic DL/UL transmission due to LBT, SRS subframe can be configured as follows:
· L1 signalling dynamic configuration SRS subframe.

· Implicit method to determine the SRS subframe. 

· The first UL subframe within UL transmission burst.

· The odd/even subframes within UL transmission burst.

· DL ending partial subframe.

· DRS subframe.
Furthermore, for the SRS with PUSCH case, eNB only triggers aperiodic SRS transmission with DCI format 0/4. While for SRS transmission without PUSCH, it can add the SRS-request field for DCI format 1C by reserved bits. In addition, it can also add the SRS-request field in the group DCI (e.g. DCI format 3/3A). 

Proposal 5: Aperiodic SRS triggering can use the legacy design as a starting point, but some enhancement can be considered as follows:

· Add SRS-request field for DCI format 1C by reserved bits.

· Add SRS-request field for group DCI, e.g. DCI format 3/3A.
4. Wideband SRS Transmission
For LAA, there is a regulatory requirement that the occupied channel bandwidth shall be between 80% and 100% of the declared nominal channel bandwidth. The bandwidth occupancy requirement for LAA only allows an SRS bandwidth according to 
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 corresponding SRS bandwidth, some method can be considered, e.g. to extend the ZC sequence length, the repetition of the current SRS bandwidth until the desired bandwidth is filled. Note the reuse of the existing SRS comb structure.
Table1: SRS configuration for the uplink bandwidth of 
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Proposal 6: Only 
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 corresponding SRS bandwidth meet the existing regulatory requirements.

Proposal 7: For 
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 corresponding SRS bandwidth still does not satisfied the regulatory requirements, some method can be considered as follows:
· Extend the ZC sequence length until the desired bandwidth.
· Repeat the current SRS bandwidth until the desired bandwidth.

5. TPC for SRS without PUSCH
In LTE, if the UE is not transmitting PUSCH for the serving Cell c, SRS power control formula is defined by
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The above formula also is applicable for a LAA SCell. In addition, existing configuration signaling can also be used, e.g. TPC command values 
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 for SRS without PUSCH can be provided by DCI format 3/3A.

Besides, considering the flexibility, the cost and when only PDSCH transmission, the need to send SRS to obtain DL CSI using channel reciprocity, TPC command values 
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 for SRS without PUSCH can be considered to be provided by DCI format 1A/2B/2C/2D, e.g. add TPC command for SRS without PUSCH field.
Proposal 8: TPC for SRS without PUSCH transmission can be considered to be configured as follows:
· Reuse the existing DCI format, e.g. DCI format 3/3A.
· Add TPC command for SRS without PUSCH field in DCI format 1A/2B/2C/2D.
Additionally, a power headroom report (PHR) needs to be supported where the UE is configured to transmit SRS, but the UE is not configured to transmit PUSCH. Due to the absence of PUSCH transmission or frequently SRS transmission without PUSCH, the power headroom needs to be defined with respect to SRS transmission. 

Proposal 9: Consider power headroom determination for SRS without PUSCH transmission.
6. Conclusion

In this contribution, more details about SRS transmission for eLAA are presented. In summary, we propose:

Proposal 1: When SRS symbol location conflicts with CCA position for scheduled UE of the next subframe, methods to limit the frequency resource location of SRS should be considered.
Proposal 2: For SRS without PUSCH case, SRS can be transmitted in the following locations:

· The last symbol of UL subframe.

· Remaining symbols after ending partial subframe. 

· Determines the starting position of the SRS transmission, or the candidate SRS transmission symbol location by RRC and/or L1 signalling.

· Last two symbols in the DRS subframe.
Proposal 3: LBT for SRS without PUSCH can also be considered as follows:

· LBT for DRS.

· Enhanced One-shot LBT.

Proposal 4: Based on the LAA opportunistic DL/UL transmission due to LBT, SRS subframe can be configured as follows:
· L1 signalling dynamic configuration SRS subframe.

· Implicit method to determine the SRS subframe. 

· The first UL subframe within UL transmission burst.

· The odd/even subframes within UL transmission burst.

· DL ending partial subframe.

· DRS subframe.
Proposal 5: Aperiodic SRS triggering can use the legacy design as a starting point, but some enhancement can be considered as follows:

· Add SRS-request field for DCI format 1C by reserved bits.

· Add SRS-request field for group DCI, e.g. DCI format 3/3A.
Proposal 6: Only 
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Proposal 7: For 
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 corresponding SRS bandwidth still does not satisfied the regulatory requirements, some method can be considered as follows:

· Extend the ZC sequence length until the desired bandwidth.

· Repeat the current SRS bandwidth until the desired bandwidth.

Proposal 8: TPC for SRS without PUSCH transmission can be considered to be configured as follows:
· Reuse the existing DCI format, e.g. DCI format 3/3A.

· Add TPC command for SRS without PUSCH field in DCI format 1A/2B/2C/2D.

Proposal 9: Consider power headroom determination for SRS without PUSCH transmission.
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