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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. SRS transmission on unlicensed cells is one of the functionalities to be supported. In RAN1 84 meeting, RAN1 had achieved some agreement of SRS [2]. In this contribution, we discuss the remaining issues of SRS. 
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

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 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. If the SRS transmission without PUSCH is not supported, the number of SRS in one subframe would be typically low, because the number of UEs with UL traffic in one subframe is typically low in LAA scenarios. Therefore, the capacity of SRS would not be a problem. The other way is to introduce new SRS waveform based on multi-cluster transmission. Compared with legacy wideband SRS, multi-clustered SRS could utilize the power more efficiently. For UEs with limited UL transmission power, e.g. cell edge UEs, the channel estimation performance could be improved. On the other hand, due to the non-consecutive PRBs in the cluster, the channel estimation performance of SRS would degrade. Furthermore, the length of SRS sequence would be changed which depends on the design of the multi-cluster. The legacy SRS sequence is a multiple of 24 to cope with 8 cyclic shifts. The same principle should be considered for the multi-clustered SRS. To simplify the SRS design with limited time, reusing wideband SRS is more desirable. 
Proposal 1: To satisfy the regulatory requirement, existing wideband SRS with increased combs or new SRS waveform should be introduced.  

2.2 SRS transmission 

2.2.1 A-SRS with PUSCH

It is agreed that aperiodic SRS transmission with PUSCH is supported on unlicensed cells.  Enhancements of aperiodic SRS transmission and/or triggering is FFS. 

The A-SRS transmission on licensed cells is determined by RRC configuration and L1 signaling.  The SRS subframe is semi-statically configured by RRC signaling (including the period and subframe offset). eNB dynamically triggers the A-SRS transmission in one of these RRC configured SRS subframes by A-SRS request bit in DL assignment (DCI format 1A/2B/2C/2D) or UL grant (DCI format 0/4). UE transmits A-SRS in the nearest UE-specific A-SRS subframe no earlier than subframe n+4 if UE receives the triggering in subframe n. 

Since there is no fixed UL/DL configuration and the duration of UL/DL burst is also variable, the legacy UE-specific SRS subframe could not be sufficient. First of all, it would be difficult to transmit SRS as early as the beginning of the UL burst, e.g. in the last symbol of ending partial subframe of DL burst, if the ending partial subframe is not the UE-specific SRS subframe. Secondly, if eNB wants to receive SRS and PUSCH in the same subframe, the semi-static SRS subframe would restrict the PUSCH transmission to certain subframes. Thirdly, the PUSCH would be unnecessarily blanked on SRS symbol in cell-specific SRS subframe even if there is no UE transmitting SRS in the UL burst. The blanking symbol does not only reduce the PUSCH throughput but also put UE at risk of losing the channel. Therefore, it is desirable to support a more flexible A-SRS transmission time. For example, if A-SRS is triggered by UL grant, the A-SRS is transmitted in the same subframe of scheduled PUSCH. How to determine the A-SRS subframe when A-SRS is triggered by DL assignment needs more study.  In the case of multi-subframe scheduling by only one UL grant, the A-SRS could be assumed to be transmitted in the first subframe.  
Proposal 2: More flexible A-SRS transmission timing should be supported. At least for A-SRS triggered by UL grant, the A-SRS is transmitted in the same subframe of scheduled PUSCH. 

If the SRS subframe could be any UL subframe, the mechanism to indicate the SRS appearnce to UEs transmitting PUSCH without SRS in the same subframe needs to be studied. To avoid the interfernece between PUSCH and SRS, PUSCH should be rate matched around SRS symbol which follows the same principle of legacy PUSCH mapping. However, one blanking symbol introduces a gap between PUSCH in consecutive subframes.  As is illustrated in Fig 1, n this gap, other nodes on unlicensed band, e.g. WiFi UE, may finish the CCA procedure and then occupy the channel. Consequently, the LAA UE may lose the opportunity to continue transmission. Even if there is no WiFi UE occupying the channel in the last SC-FDMA symbol, LAA UE may still fail the CCA, if there is another LAA UE transmitting SRS in the last SC-FDMA symbol and continues PUSCH transmission in the next subframe. Therefore, the method to hold the channel in SRS symbol and at the same time, avoid the interference to SRS symbol, needs investigation. One possible way is to transmit reservation signal on reserved REs which are not to be used for SRS transmission, e.g. one comb. All PUSCH-only UEs could transmit reservation signal on the same comb. 
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Figure 1 Examples of blocking from WiFi in the last SC-FDMA

Proposal 3: The appearance of SRS should be indicated to UEs transmitting PUSCH without SRS in the same subframe.

Proposal 4: UEs transmitting PUSCH without SRS could transmit reservation signal on certain REs in SRS symbol if there is SRS transmission from other UEs. 
2.2.2 A-SRS without PUSCH
SRS transmission without PUSCH (stand-alone SRS for short) is still a FFS point. The benefit of stand-alone SRS is to support various start-up functions for UEs not recently scheduled, e.g. before the UL transmission burst, as well as to aid the DL channel quality estimation thanks to the channel reciprocity. 
Yet, the SRS with PUSCH would be already sufficient considering the typical low mobility of LAA UEs. It is not clear how much gain could be provided by stand-alone SRS on top of SRS with PUSCH, while the potential standard effort would be quite a lot. As suggested by some companies, SRS has to be moved to be beginning of the subframe to enable the multiplexing of UEs with stand-alone SRS and UEs with PUSCH-only transmission. However, it is still inevitable to interrupt the PUSCH transmission in consecutive subframes if stand-alone SRS could also appear in the middle of the UL burst. In Figure 2, stand-alone SRS (UE2) is to be transmitted in subframe n+1. SRS position is in front of PUSCH, i.e. SRS in 1st symbol and PUSCH starts from 2rd symbol (more details of PUSCH frame structure with SRS could be found in [3]). There is a CCA gap between the PUSCH (UE1) in subframe n and n+1, i.e. last symbol is blanked in subframe n. Then, there is a risk of losing the channel in this CCA gap, which leads to the dropping of PUSCH in subframe n+1. Certainly, if stand-alone SRS is restricted to the beginning of UL burst, the interruption could be avoided. Yet the problem is whether stand-alone SRS transmission in the DL ending partial subframe is supported. If the argument of restricting stand-alone SRS to the beginning of UL burst is the early estimation of the channel, it seems reasonable to restrict stand-alone SRS transmission in “UpPTS” of the DL ending partial subframe. Then, there would be two possible SRS positions, one is at the beginning of the UL subframe and the other is in the end of the DL partial subframe. Obviously, it makes things complicated. In addition, new signalling may be needed to trigger the stand-alone SRS. A-SRS request bits in DL assignment could trigger the stand-alone SRS, but it could not support the flexible timing between the triggering and A-SRS transmission. New DCI seems necessary, but it again requires much standard work. Therefore, stand-alone SRS transmission can be supported only if the sufficient gain is observed.
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Figure 2 Stand-alone SRS in the middle of the UL burst
If the stand-alone SRS is supported, 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. And how to align the different LBT by different UEs should be studied to avoid the inter-user blocking [3]. For example, if one UE is performing LBT Cat 4 for PUSCH and the other UE is performing one-shot LBT for stand-alone SRS, the transmission time should be aligned.  
Proposal 5: Stand-alone SRS can be supported only if the sufficient gain is observed, because it requires quite a lot standard and implementation effort. 
2.2.3 A-SRS position and impact to DL/UL CCA gap
If stand-alone SRS is not supported, it would be natural to keep the legacy SRS position of the 14th symbol in UL subframe. One discussion point is whether to support shorter UL subframe in which the SRS is still after the PUSCH but it could be in 13th or even 12th symbol to generate a gap for DL CCA or UL CCA. For UL CCA, the CCA gap could be the 1st symbol in UL subframe, thus it has no impact on the SRS in 14th symbol of last UL subframe. For DL CCA, the gap could be generated by the aid of timing advance, and then it is not necessary to shorten the UL subframe. Therefore, the SRS could be fixed to the 14th symbol in UL subframe, which simplifies the SRS detection at eNB side.  If stand-alone SRS is supported, more study is needed to determine the proper SRS position with the principle that one common SRS position should be defined for both stand-alone SRS and SRS with PUSCH. 
Proposal 6: SRS can be transmitted on the 14th symbol in any UL subframe without impact to DL/UL CCA gap. 

2.2.4 Periodic SRS
Because the UL/DL configuration on unlicensed cells could be dynamically changed, the RRC configured SRS subframe may fall into the DL subframes. For the SRS subframe which is an UL subframe, UE may still fail to transmit SRS due to LBT. Hence, the benefit of periodic SRS is not clear. Moreover, the periodic SRS could be a stand-alone SRS if there is no scheduled PUSCH. According to our analysis above, the stand-alone SRS would complex the system design. Therefore, periodic SRS is not supported on unlicensed cells. 
Proposal 7:Periodic SRS is not supported on unlicensed cells. 
3 Conclusions
Based on the discussion above, we have the following proposals:

Proposal 1: To satisfy the regulatory requirement, existing wideband SRS with increased combs or new SRS waveform should be introduced.  

Proposal 2: More flexible A-SRS transmission timing should be supported. At least for A-SRS triggered by UL grant, the A-SRS is transmitted in the same subframe of scheduled PUSCH. 

Proposal 3: The appearance of SRS should be indicated to UEs transmitting PUSCH without SRS in the same subframe.

Proposal 4: UEs transmitting PUSCH without SRS could transmit reservation signal on certain REs in SRS symbol if there is SRS transmission from other UEs. 

Proposal 5: Stand-alone SRS can be supported only if the sufficient gain is observed, because it requires quite a lot standard and implementation effort. 

Proposal 6: SRS can be transmitted on the 14th symbol in any UL subframe without impact to DL/UL CCA gap. 

Proposal 7:Periodic SRS is not supported on unlicensed cells. 
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