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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. The detailed objectives of the work item are 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]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4, RAN1]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4]

In this contribution, we discuss the design aspects for SRS.  During Rel-13 SI/WI, RAN1 had achieved some agreement of SRS [2], which is the starting point of SRS design discussed in this contribution. 

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
2 Discussion  
In LTE, SRS is periodically and/or a-periodically transmitted to facilitate UL/DL (DL for TDD) scheduling at eNB side by estimated UL channel quality as well as for uplink timing adjustment. These functionalities should also be supported on the unlicensed band for UL transmission. Considering the specific requirement on the unlicensed band, such as bandwidth requirement and LBT mechanism, the design of SRS should be enhanced.  
2.1 SRS waveform 
According to ETSI regulation, the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth. The wideband SRS based on existing waveform could meet the requirement at the cost of dramatically SRS capacity loss, e.g. the total number of SRS per subframe is reduced to 1/12 (48 PRBs wideband SRS vs 4PRBs SRS). One possible way to compensate the SRS capacity loss is to increase the number of comb. It is noted that 4-comb SRS is already supported by FD-MIMO in Rel-13.  Further enlargement of the number of comb could be considered, e.g. up to 6 or 8 combs. The proper number of combs should take the SRS capacity as well as the impact on channel measurement and UL timing estimation into account. The other way is to introduce new SRS waveform based on multi-cluster transmission discussed in Rel-13 SI [3]. 

Proposal 1: To satisfy the regulatory requirement, either existing wideband SRS with increased combs or new SRS waveform based on multi-cluster transmission should be introduced.  

2.2 Stand-alone SRS 

SRS transmission with PUSCH on unlicensed band has been agreed in Rel-13, while SRS transmission without PUSCH (stand-alone SRS for short) is the FFS point. The benefit of stand-alone SRS is to also support various start-up functions for UEs not recently scheduled, e.g. before the UL transmission burst. Some companies proposed to support LBT-free stand-alone SRS transmission with the argument that the stand-alone SRS is only one OFDM symbol and it can be treat as a short control message without LBT. However, LBT-based SRS transmission should also be supported to meet the regulation in certain regions, such as Japan. The benefit of LBT of SRS is not only the avoidance of potential collision with other nodes, but also the accurate interference estimation. The interference measured when the interferer node is on or off is different, while only the interference result when the interferer node is off is useful. Unfortunately, eNB could not differentiate the on/off state of interferer node based on LBT-free SRS transmission. The issue is almost the same as DL interference measurement of CSI measurement. On the other hand, it would be reasonable to support faster LBT for stand-alone SRS than PUSCH transmission. LBT priority class 1 or similar LBT applied for DRS (single sensing interval ~25us) could be studied. In addition, the impact of on-going PUSCH transmission from other LAA UEs on LBT of stand-alone SRS may also need consideration. Fig1 shows the case where LAA UE2 fails CCA due to the interference from LAA UE1 transmitting PUSCH before the SRS symbol. The method to support stand-alone SRS transmission as well as PUSCH transmission from different UEs in a same subframe could be studied.  
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Figure 1 Examples of blocking from on-going PUSCH to stand-alone SRS
Observation 1:Stand-alone SRS is beneficial for pre-scheduling channel measurement and UL timing estimation.   

Proposal 2: If supported, stand-alone SRS should be based on LBT to ensure accurate interference estimation. 
-  Faster LBT could be considered. 

- The method to support stand-alone SRS transmission as well as PUSCH transmission from different UEs in a same subframe could be studied. 
2.3 Potential issue of reserved SC-FDMA symbol for SRS 
In LTE system, the SRS subframe includes cell-specific SRS subframe and UE-specific SRS subframe. UE transmits SRS in UE-specific SRS subframe. For both cell-specific and UE-specific SRS subframe, PUSCH is not mapped to the resource element which would have impact on SRS transmission, including

· part of the last SC-FDMA symbol in a subframe if the UE transmits SRS in the same subframe (UE-specific SRS subframe), 
· part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS if the PUSCH transmission partly or fully overlaps with the cell-specific SRS bandwidth (cell-specific SRS subframe), 
· part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe
As is illustrated in Fig 2, if we follow the existing rules, there would be an interruption between PUSCH in SRS subframe and PUSCH in the next subframe if UE does not transmits SRS in last symbol of SRS subframe, i.e. a gap of one SC-FDMA symbol (~70us). In this gap, other nodes on unlicensed band, e.g. WiFi UE, may finish the CCA procedure and then occupy the channel. Consequently, the LAA UE1 may lose the opportunity to continue transmission after SRS subframe.    
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Figure 2 Examples of blocking from WiFi in the last SC-FDMA
Observation 2: By existing PUSCH mapping rules, last SC-FDMA symbol in SRS subframe without SRS transmission introduces an interruption between PUSCHs in SRS subframe and the next subframe, which would reduce the PUSCH transmission opportunity. 

Furthermore, even no WiFi UE occupying the channel in the last SC-FDMA symbol, LAA UE1 may still fail the CCA, if there is another LAA UE2 is transmitting SRS in the last SC-FDMA symbol and continues PUSCH transmission in the next subframe as shown in Fig 3. Methods to avoid the impact of on-going SRS from one LAA UE on PUSCH transmission from another LAA UE in the next subframe could be studied.    
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Figure 3 Examples of blocking from SRS in the last SC-FDMA
Observation 3: By existing PUSCH mapping rules, SRS transmission from a LAA UE would block the PUSCH transmission in the next subframe from the other LAA UE without SRS transmission. 

Proposal 3: Methods to avoid the impact of on-going SRS from one LAA UE on PUSCH transmission from another LAA UE in the next subframe could be studied, if existing PUSCH mapping rules in cell-specific SRS subframe is reused.   

On the other hand, methods to hold the channel could be studied, i.e. pre-defined signals could be transmitted in last SC-FDMA symbol. For example, UE could transmit SRS in last symbol of every subframe with PUSCH transmission regardless of the UE-specific SRS subframe. In that way, there is no interruption between PUSCHs in adjacent subframes. The impact of SRS capacity/flexibility may need further study. 
Proposal 4: Methods to hold the channel in cell-specific SRS subframe could be studied.  
3 Conclusions
Based on the discussion above, we have the following observations and proposals:

Observation 1:Stand-alone SRS is beneficial for pre-scheduling channel measurement and UL timing estimation.   

Observation 2: By existing PUSCH mapping rules, last SC-FDMA symbol in SRS subframe without SRS transmission introduces an interruption between PUSCHs in SRS subframe and the next subframe, which would reduce the PUSCH transmission opportunity. 

Observation 3: By existing PUSCH mapping rules, SRS transmission from a LAA UE would block the PUSCH transmission in the next subframe from the other LAA UE without SRS transmission. 

Proposal 1: To satisfy the regulatory requirement, either existing wideband SRS with increased combs or new SRS waveform based on multi-cluster transmission should be introduced.  
Proposal 2: If supported, stand-alone SRS should be based on LBT to ensure accurate interference estimation. 

-  Faster LBT could be considered. 

- The method to support stand-alone SRS transmission as well as PUSCH transmission from different UEs in a same subframe could be studied. 
Proposal 3: Methods to avoid the impact of on-going SRS from one LAA UE on PUSCH transmission from another LAA UE in the next subframe could be studied, if existing PUSCH mapping rules in cell-specific SRS subframe is reused.  
Proposal 4: Methods to hold the channel in cell-specific SRS subframe could be studied.
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