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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.
In RAN #84 meeting, the following agreement is 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

Based on the above agreement, in this contribution, we share our views on SRS design for eLAA UL. 
2 The Demand of SRS Transmission for LAA
SRS transmission is required for maintaining UL timing and facilitating eNB’s UL and DL scheduling (via channel reciprocity). It is especially important to assist DL CSI measurement since the transmission opportunity for DL RS is reduced due to LBT, which may largely degrade the channel estimation accuracy and link adaptation performance, especially for DMRS-based TMs. Hence, in order to obtain UL timing and UL CSI, it is desirable to transmit SRS periodically or aperiodically.
Further, according to the conclusion of the RAN1 #84 meeting, it has supported for non-standalone (SRS transmitted with a PUSCH transmission), but SRS transmission without PUSCH is FFS. However, for the case of SRS with PUSCH, the opportunity of SRS transmission may be limited because SRS can be transmitted only when the UE has its own PUSCH. Based on this, it is recommended that SRS transmission with PUSCH for other UE should be supported. The method is similar to DL CSI without PDSCH.
Proposal 1: SRS transmission without PUSCH can be supported.
3 SRS Symbol Location
In legacy LTE system, the SRS is always transmitted in the last symbol of the normal UL sub-frame. Besides, SRS can also be transmitted in multiple symbols of the UpPTS part of the special sub-frame. 
For LAA, some companies think that SRS can be transmitted in the following possible symbol position within a sub-frame:
·  Alt1: SRS symbol may be located on the last symbol of a sub-frame as in the LTE. 
· Alt2: SRS symbol may be located on the beginning of a sub-frame.
· Alt3: SRS symbol may be located on the second symbol of a sub-frame.
· Alt4: SRS symbol may be located on the last second symbol of a sub-frame.
From the point of view of the impact of standardization, the last three options (alt2, alt3, alt4) are required to modify the existing SRS location, which will lead to a larger specification impact such as PUSCH data mapping and PUCCH etc.    While the alt1 does not have any standardized effects. Hence, it is recommended that the time domain position of SRS transmission follow the existing specification.
Proposal 2: It is recommended that the time domain position of SRS transmission follow the existing specification.
4 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.
4.1 SRS with PUSCH
In the case of SRS transmission with concurrent PUSCH, no additional CCA is required before SRS transmission if CCA for PUSCH succeeds according to current SRS structure, i.e. in the last OFDM symbol of the PUSCH transmission.  Assume that CCA position is the last symbol of sub-frame before scheduled sub-frame. Wherein, CCA position can be found in our companion contribution [5].
One immediate issue related to the use of SRS is its presence in the last OFDM symbol of an UL sub-frame which could potentially impede CCA/LBT done prior to the next following sub-frame.
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 UE of the next sub-frame 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. Though available SRS resource is reduced as CCA position occupies a part of the frequency domain resources.
Another possible method is to modify the existing SRS location, e.g. SRS is the first symbol of a PUSCH sub-frame. But it 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 sub-frame, and SRS is still in accordance with the existing specification. However, this approach will give rise to uplink partial sub-frame and is unfavourable to achieve uplink multi-user multiplexing from sub-frame boundary. 8
Proposal 3: When SRS symbol location conflicts with CCA position for scheduled UE of the next sub-frame, methods to limit the frequency resource location of SRS should be considered.
4.2 SRS without PUSCH
According to the conclusion of the RAN1#84 meeting, SRS transmission without PUSCH is the FFS point. SRS transmission without simultaneously scheduled PUSCH is a necessary mechanism, allowing for the network to maintain information about the channel conditions for UEs currently inactive in UL direction.
Based on legacy configuration, SRS is transmitted on the last valid symbol of the UL sub-frame. Even if SRS transmission without PUSCH is allowed, LBT procedure should still be required to satisfy the regulatory requirement. The benefit of LBT of 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 sub-frame 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 sub-frame before SRS sub-frame.
Proposal 4: SRS without PUSCH should be supported for LAA SCell.
Proposal 5: If SRS without PUSCH is supported, it is recommended that LBT for DRS or one-shot LBT can be reused. Whether one-shot LBT needs to be enhanced can be further studied.
In the case of SRS transmission without PUSCH, SRS can be the last symbol of sub-frame. In addition, SRS can also consider to be sent in DL transmission burst, e.g. ending DL partial sub-frame can be used for SRS after the DL transmission or the last two symbols in the DRS sub-frame can also be used to send SRS during the DL transmission burst.

Proposal 6: If SRS without PUSCH is supported, SRS can be transmitted on the last symbol of sub-frame, ending DL partial sub-frame after the DL transmission, last two symbols in the DRS sub-frame.
5 SRS Parameter Configuration 

In legacy LTE system, UE could transmit both periodic SRS and aperiodic SRS. Wherein, the parameter setting for SRS transmission is configured via higher layer. For periodic SRS, UE can transmit the configured SRS periodically. For aperiodic SRS, UE could transmit the aperiodic SRS triggered by SRS-request field in DCI.
Based on the existing specification and the frame structure 3, SRS can be transmitted only when the Uplink sub-frame in a burst happens to be the period point of SRS transmission, whether it is periodic SRS or aperiodic SRS. However, this may lead to a consequence: most of the periodic SRS occasions could not be used due to DL transmission/reception or LBT busy. 

If SRS sub-frame Configuration is kept, SRS can be transmitted at the sub-frame which is configured by RRC and has PUSCH (or PUCCH) transmission. However, LAA performs opportunistic DL/UL transmission according to DL/UL buffer status, configured SRS sub-frame may not have PUSCH (or PUCCH transmission) or can be used as temporal DL sub-frame. Hence, SRS Sub-frame Configuration can restrict SRS transmission.
Based on the above problems, a straightforward solution is that SRS sub-frame Configuration is not retained, e.g. SRS period and offset. SRS can only be transmitted at a particular sub-frame which is indicated by eNB. Wherein, eNB can indicate a specific SRS sub-frame location or a set of SRS sub-frame. The benefit of this way is that eNB can flexibly configure SRS sub-frame for UE according to DL buffer status and improve the chance of SRS transmission.

Besides, only wideband SRS should be supported for LAA SCell, as narrowband SRS is not in line with regulatory requirements of occupied channel bandwidth. Hence, several of the parameters in the set may also be obsolete for LAA, e.g. SRS bandwidth and/or frequency hopping bandwidth.
Proposal 7: For LAA SCell, it should be discussed whether SRS sub-frame and SRS bandwidth and frequency hopping bandwidth configuration by RRC is necessary or not. 
6 Aperiodic SRS triggering mechanism
In legacy LTE system, aperiodic SRS is triggered by L1 signaling, e.g. UL grant (FDD and TDD) and DL assignments (TDD). Hence, triggered by both UL grant and DL assignments could be supported for LAA. In particular, aperiodic SRS transmission is achieved by a 1-bit (DCI format 0/1A/2B/2C/2D) or 2-bit (DCI format 4) trigger. Since LAA will be operated by TDD principles, triggering it by DL assignments offers more opportunities for SRS and is useful also for aperiodic SRS in LAA.
In addition, combined with the problem of SRS sub-frame configuration in the previous section, modifying the existing DCI signalling (SRS-request field), e.g. trigger aperiodic SRS and indicate the location of the SRS sub-frame or SRS sub-frame sets can be considered.
Proposal 8: Existing aperiodic SRS triggering mechanism can be considered as the baseline.
Further, if aperiodic SRS without PUSCH is supported and triggered, it would be more efficient that multiple UEs transmit SRS at the same SC-FDMA symbol. However, the existing method for triggering of multiple UE SRS at the same SRS symbol may be not efficient or even not possible as there is coupling between PDSCH or PUSCH scheduling and SRS triggering. Several possible solutions consist of: design new DCI or modify existing DCI or use common DCI. Wherein, the DCI format contains at least one of the following fields: SRS-request field, SRS sub-frame field, SRS symbol field etc.
Proposal 9: A new DCI format to trigger aperiodic SRS transmission without PUSCH for a group of UEs can be considered. 
7 SRS Waveform

In the RAN1 #84 meeting, some companies have proposed using waveform to send SRS, the reason is to meets the ETSI regulation on Occupied Channel Bandwidth. However, the wideband SRS based on existing waveform could meet the requirement. Hence, it is recommended that wideband SRS is supported and reuse the existing SRS comb structure.
Proposal 10: To meet the regulatory requirement, it is recommended that wideband SRS is supported and reuse the existing SRS comb structure. 

8 Conclusion
In this contribution, we have shared our views on SRS design for eLAA UL. We have the following proposals.
Proposal 1: SRS transmission without PUSCH can be supported.

Proposal 2: It is recommended that the time domain position of SRS transmission follow the existing specification.
Proposal 3: When SRS symbol location conflicts with CCA position for scheduled UE of the next sub-frame, methods to limit the frequency resource location of SRS should be considered.
Proposal 4: SRS without PUSCH should be supported for LAA SCell.
Proposal 5: If SRS without PUSCH is supported, it is recommended that LBT for DRS or one-shot LBT can be reused. Whether one-shot LBT needs to be enhanced can be further studied.
Proposal 6: If SRS without PUSCH is supported, SRS can be transmitted on the last symbol of sub-frame, ending DL partial sub-frame after the DL transmission, last two symbols in the DRS sub-frame.
Proposal 7: For LAA SCell, it should be discussed whether SRS sub-frame and SRS bandwidth and frequency hopping bandwidth configuration by RRC is necessary or not. 
Proposal 8: Existing aperiodic SRS triggering mechanism can be considered as the baseline.
Proposal 9: A new DCI format to trigger aperiodic SRS transmission without PUSCH for a group of UEs can be considered.

Proposal 10: To meet the regulatory requirement, it is recommended that wideband SRS is supported and reuse the existing SRS comb structure.
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