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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 and RAN1 84b, RAN1 had achieved some agreement of SRS [2][3].  Both Aperiodic SRS with and without PUSCH is supported in Re-14 eLAA WI. 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

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
· 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
· SRS, if present in a UL subframe, is transmitted at the end of the subframe 
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)
2 Discussion  
2.1 Remaining issues of wideband SRS waveform
To support link adaptation for multi-cluster based PUSCH transmissions, RAN1 agreed that a wideband SRS is needed.  The FFS point is whether to extend/shift to # of RBs > max # RBs in the legacy case. The argument to support the bandwidth extension is the PRBs at the bandwidth edge reserved for PUCCH is not needed because PUCCH is not introduced in eLAA within the current scope of the work item. However, considering forward compatibility and future existence of PUCCH on LAA Scell, it is not reasonable to overuse these PRBs for SRS now to offer marginal gain.  

Another issue is whether additional comb values other than comb 2 and 4 are needed. The main concern is the SRS capacity. Actually, the number of served UEs by LAA Scell is typically much lower than that served by licensed macro cell. The SRS capacity of 32 (4 combs with 8 cyclic shifts) would be more than enough. 

Proposal 1: Wideband SRS based on legacy 2 or 4 comb structure and existing maximum number of PRBs is supported for LAA Scell.  
2.2 A-SRS transmission without PUSCH 

2.2.1 LBT
Because the duration of A-SRS w/o PUSCH is only one SC-FDMA symbol, it is reasonable to apply faster LBT than that for PUSCH transmission. For the case of A-SRS transmission out of eNB MCOT, Cat 4 LBT with smaller CW size could be considered. CW size adaptation should be applied to alleviate the potential collision. The adaptation rule just follows that applicable to PUSCH. To align the Cat 4 LBT among A-SRS only UEs, either self-deferral or common backoff counter indicated by eNB is needed.  For the case of A-SRS transmission within MCOT, 25us one-shot LBT is applied.  One particular case within the MCOT is when the gap between DL and A-SRS is within 16us. In that case, A-SRS can be transmitted without LBT. A-SRS is always in the last symbol (14th OFDM symbol). If the gap between DL and A-SRS is within 16us, the PDSCH of ending partial subframe may stop at 12th OFDM symbol and eNB continue transmits some signals in 13th OFDM symbol to guarantee the gap within 13th OFDM symbol is less than 16us. It is within the Rel-13 LAA DL frame structure, and it would be transparent to UE. UE just follows the LBT type indicated by eNB and transmits A-SRS corresponding in last OFDM symbol. The only issue is the interference measurement by no-LBT A-SRS would be different from the interference when LBT-based PUSCH is transmitted. However, eNB knows which A-SRS is based on LBT and which is not, thus eNB could handle it. 

It is noted that if there is PUSCH transmission in the UL subframe next to the A-SRS w/o PUSCH, e.g., A-SRS w/o PUSCH in DL ending partial subframe n, and PUSCH in UL subframe n+1, and there is no gap between A-SRS and PUSCH, LBT procedure defined for PUSCH should be performed before A-SRS. On the other hand, if there is gap between A-SRS and PUSCH, e.g., first symbol in UL subframe n+1 is reserved for CCA gap, LBT for A-SRS could be faster LBT than PUSCH.  Figure 1 shows different LBT procedures discussed above. 
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Figure 1 Examples of different LBT for A-SRS w/o PUSCH
Proposal 2: When A-SRS w/o PUSCH is to be transmitted outside of eNB MCOT, Cat 4 LBT with smaller CW size is applied.  Similar CW size adjustment of PUSCH is reused for A-SRS. When A-SRS w/o PUSCH is to be transmitted within the MCOT and the gap is less than 16us, non-LBT based A-SRS transmission is supported. 

2.2.2 Triggering mechanism 
In legacy system, A-SRS transmission w/o PUSCH is supported by 1-bit A-SRS request in DL assignment.  Similarly, the A-SRS w/o PUSCH in unlicensed band can be triggered by dynamic signalling via DL assignment with minor modification.  

The RRC signalling configures one or more SRS parameter sets. Now that only wideband SRS is supported in unlicensed band, the frequency resources except comb information is not needed. The code resource like cyclic shift is kept to support multi-user multiplexing. The antenna port configuration is kept to support multiple antenna SRS. Considering there is no fixed UL/DL configuration in unlicensed band and the duration of UL/DL burst is variable, the semi-statically configured SRS subframe would reduce the A-SRS transmission opportunity. Thus, the SRS subframe configuration should be removed from RRC signalling and it is to be indicated by L1 signalling. 
When A-SRS is triggered by DL assignment, the A-SRS subframe could be implicitly derived, e.g., subframe n+4 if UE receives the triggering in subframe n. On the other hand, explicit indication of A-SRS subframe by DL assignment can be considered to provide additional flexibility, e.g., 2 bits to support A-SRS transmission in one of the subframe n+4 ~ n+7. Furthermore, DL assignment should also include the LBT type indication.  
Proposal 3: When A-SRS w/o PUSCH is triggered by DL assignment, 

· Multiple SRS parameters including SRS comb, cyclic shift and antenna port are configured by RRC and one set is triggered A-SRS request bits. 

· The SRS subframe could be explicitly or implicitly indicated by DL assignment.  
· LBT type could be explicitly indicated by DL assignment. 
2.3 A-SRS transmission with PUSCH 
Compared with A-SRS transmission w/o PUSCH, A-SRS transmission w/ PUSCH is much simpler. There is no additional LBT required for A-SRS, because A-SRS is transmitted immediately after the PUSCH without any gap. UE shall commence A-SRS transmission in same subframe of PUSCH scheduled by the UL grant which triggers A-SRS transmission. In case of multi-subframe scheduling, the A-SRS can be assumed to be transmitted in the first subframe. 
Proposal 4: When A-SRS w/ PUSCH is triggered by UL grant, UE follows legacy behavior except that A-SRS is transmitted in the UL subframe of PUSCH scheduled by the same UL grant. 
2.4 Periodic SRS transmission with PUSCH

Because the UL/DL configuration on unlicensed cells can be dynamically changed, an RRC configured SRS subframe may fall into a DL subframe. For a SRS subframe that is an UL subframe, a UE may still fail to transmit SRS due to LBT. Hence, the benefit of periodic SRS is not clear. It is reasonable to confirm the working assumption that periodic SRS without PUSCH is not supported in Rel-14 eLAA WI. Considering SRS transmission with PUSCH could anyway be triggered by UL grant, A-SRS with PUSCH is sufficient to displace the periodic SRS with PUSCH. Therefore, periodic SRS with PUSCH is not supported either.  
Proposal 5: Periodic SRS w/ and w/o PUSCH is not supported on unlicensed cells. 
2.5 Impact of SRS to PUSCH transmission 

The appearance of A-SRS in DL ending partial subframes does not have much impact on PUSCH transmission, because there is no PUSCH transmission in “UpPTS” region thus no multiplexing issue. 
For the case of SRS in normal UL subframes, there could be quite difficult to multiplex PUSCH UE and A-SRS only UE. The PUSCH frame structure only supports PUSCH transmitted up to 13th or 14th SC-FDMA symbol, which leaves no room for LBT before A-SRS if there is on-going PUSCH from another UE. Obviously, reserving one empty UL subframe with only last symbol for A-SRS leads to poor UL spectrum efficiency and the gap of 13 SC-FDMA symbols would lead to higher risk of losing the channel. 
Furthermore, for either A-SRS w/o PUSCH in DL ending partial subframe or normal UL subframe, there is always a gap needed between the A-SRS and the PUSCH in the next subframe to enable LBT for PUSCH, if PUSCH and A-SRS is from different UEs. 

For the A-SRS w/ PUSCH, it seems no problem to multiplex PUSCH only UEs and UEs with A-SRS w/ PUSCH in the same UL subframe. By indicating PUSCH transmission to end at 13th SC-FDMA symbol, the last SC-FDMA symbol is blanked by PUSCH-only UE to avoid interference to A-SRS. Then, in next UL subframe, for both UEs, the 1st SC-FDMA symbol is blanked to generate a CCA gap for both UEs.  Apparently, LAA UEs may lose the opportunity to continue PUSCH transmission due to these two blanked symbols as shown in Figure 2. Therefore, the method to hold the channel in SRS symbol and at the same time, avoid the interference to A-SRS, is desirable. One possible way is to transmit reservation signal on reserved REs which are not to be used for SRS transmission, e.g., on one comb. All PUSCH-only UEs could transmit reservation signal on the same comb. The indication of SRS subframe to these PUSCH-only UEs could be achieved by certain bits combination of PUSCH ending symbol and A-SRS request. For example, if PUSCH ends at 14th SC-FDMA symbol and A-SRS is triggered, UE assumes no A-SRS transmission and it is a SRS subframe. 
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Figure 2 Examples of different LBT for A-SRS w/o PUSCH

Proposal 6: A SRS transmission subframe is indicated to PUSCH-only UEs. PUSCH-only UEs transmit a reservation signal on certain REs in the SRS symbol. 

3 Conclusions
Based on the discussion above, we have the following proposals:

Proposal 1: Wideband SRS based on legacy 2 or 4 comb structure and existing maximum number of PRBs is supported for LAA Scell.   

Proposal 2: When A-SRS w/o PUSCH is to be transmitted outside of eNB MCOT, Cat 4 LBT with smaller CW size is applied.  Similar CW size adjustment of PUSCH is reused for A-SRS. When A-SRS w/o PUSCH is to be transmitted within the MCOT and the gap is less than 16us, non-LBT based A-SRS transmission is supported. 

Proposal 3: When A-SRS w/o PUSCH is triggered by DL assignment, 

· Multiple SRS parameters including SRS comb, cyclic shift and antenna port are configured by RRC and one set is triggered A-SRS request bits. 

· The SRS subframe could be explicitly or implicitly indicated by DL assignment.  
· LBT type could be explicitly indicated by DL assignment. 
Proposal 4: When A-SRS w/ PUSCH is triggered by UL grant, UE follows legacy behavior except that A-SRS is transmitted in the UL subframe of PUSCH scheduled by the same UL grant. 
Proposal 5: Periodic SRS w/ and w/o PUSCH is not supported on unlicensed cells. 
Proposal 6: A SRS transmission subframe is indicated to PUSCH-only UEs. PUSCH-only UEs transmit a reservation signal on certain REs in the SRS symbol. 
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