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1      
Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. One part of the approved WID tasks RAN1 to specify support for SRS on LTE Frame Structure 3. LAA SRS design was discussed during RAN1#84, leading to the agreement that aperiodic SRS transmission with PUSCH is supported in eLAA [2]. Further progress was made in RAN1#84bis [3], including working assumptions that periodic SRS without PUSCH is not supported in Rel-14 eLAA, and that SRS is based on legacy comb structure as well as agreement that SRS is transmitted at the end of the subframe.
In this contribution we consider remaining issues related to a LAA SRS transmission together with PUSCH transmission in the same subframe. Remaining open issues related to LAA SRS transmitted without PUSCH allocation is discussed in [4].
2
Discussion
Based on the current agreements, periodic SRS could potentially be transmitted only if UE has received PUSCH allocation for the same subframe. Such functionality does not seem to bring any meaningful benefits over aperiodic SRS, as aperiodic SRS trigger can be signalled to the UE for the same SRS symbol via the UL grant. Hence we propose that periodic SRS is not supported at all on LAA SCells.

Proposal 1: Periodic SRS is not supported on LAA SCells.
Obviously UE that is transmitting PUSCH but not SRS needs to know when it needs to leave the last symbol of subframe empty for SRS transmissions from other UEs. In previous releases, this signalling is done by cell-specific configuration of subframes containing SRS. To support flexible aperiodic SRS triggering, SRS subframes should be configured to occur relatively frequently. This would lead to loss on available PUSCH resources as well as to either unnecessary transmission gaps in UL or unnecessary SRS transmissions to prevent the gaps. 

Moreover, it has been agreed that dynamic signalling is used to indicate whether PUSCH is transmitted in the last symbol or not. One approach is to have such an indication in each UL grant. The drawback is that DCI size is increased by a bit per subframe, which seems to be a minor drawback considering the more efficient use of UL resources. Hence we propose that there is no cell-specific configuration of UL subframes containing SRS symbol. Instead, UE is indicated within an UL grant whether PUSCH is transmitted on the last symbol of a subframe or not.  

Proposal 2: There is no cell specific configuration of SRS subframes in FS3.

Proposal 3: UE is indicated within the UL grant whether PUSCH is transmitted on symbol #13 or not.
In the case of single subframe UL grant, such indication can be efficiently signalled as part of aperiodic SRS trigger. We see that sufficient triggering mechanism in the context of both UL TM1 and TM2 is achieved with a 2-bit SRS trigger having four signalling states:

· PUSCH on symbol #13; 
· no PUSCH on symbol #13; 
· SRS with higher layer configured parameter set #1; 
· SRS with higher layer configured parameter set #2. 
Hence we propose that 2-bit SRS trigger with these signalling states can be configured for both DCI0 and DCI4 modified for LAA SCell scheduling. 

Proposal 4: 2-bit SRS trigger is included into a single subframe uplink grant with four signalling states: PUSCH on symbol #13, no PUSCH on symbol #13, SRS with configuration #1, SRS with configuration #2. 
The indication of symbol #13 use and SRS triggering is more complex in the case of multi-subframe scheduling grant and is discussed in detail in [5]. We see that a separate 2-bit indicator in DCI is necessary for the presence/absence of PUSCH on symbol#13.We also propose a 2-bit SRS trigger to be included to multi-subframe scheduling grant with four signalling states: 
· no SRS, 
· SRS with configuration #1, 
· SRS with configuration #2, 

· SRS with configuration #3.
Proposal 5: 2-bit SRS trigger is included into a multi-subframe uplink grant with 4 signalling states: no SRS, SRS with configuration #1, SRS with configuration #2, and SRS with configuration #3. 
With the absence of cell-specific configuration of SRS subframes, the timing for aperiodic SRS cannot be determined as in the previous LTE releases. We see that aperiodic SRS triggered by an UL grant should be transmitted in a subframe to which PUSCH was also scheduled. In the case that the aperiodic SRS is triggered by a single subframe UL grant, this means that the timing of SRS should follow the timing of corresponding PUSCH. 
Proposal 6: Timing of aperiodic SRS triggered by a single subframe UL grant follows the timing of the corresponding PUSCH.

In the case of multi-subframe scheduling, we also see that single UL grant can trigger SRS in a single subframe. However, there is potentially more freedom for the SRS timing in the case of multi-subframe scheduling. Obviously, the timing of SRS should be limited to subframes where symbol #13 is not used by PUSCH transmission. In case there are multiple such subframes in an UL grant, it is sufficient for the UE to transmit SRS in only one of these subframes, and eNB should indicate in which scheduled subframe UE should transmit SRS. 
A simple design option is that SRS parameter set contains a timing index indicating the nth scheduled subframe without PUSCH on symbol#13 for SRS transmission. This is illustrated in Figure 1 for multi-subframe scheduling of 4 subframes. PUSCH is not allowed on symbol #13 in subframes M and M+2. SRS timing options are limited to these subframes. With SRS trigger, eNB indicates SRS parameter set with timing index 2. Correspondingly, UE transmits SRS on subframe M+2, i.e., the 2nd scheduled subframe where PUSCH is not allowed on symbol #13.
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Figure 1. Aperiodic SRS timing based on timing index with multi-subframe scheduling.
In Figure 2, another example is shown. In this case, UE is configured with 3 SRS parameter sets with timing indexes 1, 2, and 3. PUSCH is not allowed on symbol #13 in subframes M and M+2 and SRS timing options are limited to these 2 subframes. By interpreting the timing index in a cyclic manner, where the cycle length is determined by the set of scheduled subframes where PUSCH is not allowed on symbol #13, SRS parameter set 3 provides still a valid SRS parametrization option. In this example, both SRS parameter set 1 and 3 would trigger SRS on subframe M. The parameter sets can provide different cyclic shift or comb configurations, and eNB can select suitable SRS parameter set so that collisions with other triggered SRSs are avoided. 
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Figure 2. Aperiodic SRS timing based on timing index and modulo operation.
Hence, we propose that the timing for aperiodic SRS triggered by multi-subframe grant is determined based on the timing index parameter introduced to SRS parameter set and on the number of scheduled UL subframe that does not have PUSCH on symbol #13, denoted with m. SRS is transmitted in the nth scheduled UL subframe that does not have PUSCH on symbol #13, where n = mod(timing index, m). 
Proposal 7: Aperiodic SRS triggered by multi-subframe grant is transmitted on the nth scheduled UL subframe that does not have PUSCH on symbol #13, where n = mod(timing index, m); timing index is a higher layer configured parameter in the SRS parameter set; and m is the number of scheduled UL subframes with no PUSCH on symbol #13. 

It would be beneficial if eNB could trigger SRS also in the case when eNB indicates that symbol #13 is used for PUSCH in all scheduled subframes. In a such case, SRS could be transmitted in the last symbol of subframe preceding the first scheduled subframe, that is, in the DL ending partial subframe. In other words, SRS in the DL ending partial subframe could be triggered by multi-subframe UL grant in addition to DL grant.
Proposal 8: Aperiodic SRS triggered by multi-subframe grant is transmitted on the last symbol of subframe preceding first scheduled subframe when symbol #13 is used for PUSCH in all scheduled subframes. 
Based on the agreements in RAN1#84bis and the preceding proposals in this contribution, the set of SRS parameters configured by higher layers can be considerably reduced. In RAN1#84bis [3], it was agreed that only wideband SRS transmission in supported in eLAA, with the existing maximum number of SRS PRBs for a given system bandwidth as the baseline. As there is only a single SRS bandwidth in use, there is no particular benefit from increasing the number of combs at price of reduced number of available cyclic shifts. Instead, we see that the current configuration options for SRS combs are sufficient.  Additionally, there is no need to configure SRS bandwidth, frequency hopping bandwidth or starting PRB assignment. Further, we do not see any practical need to extend or shift SRS to PRBs that are beyond the existing maximum number of SRS PRBs. 
As we propose that there is no periodic SRS or cell specific configuration of SRS subframes in eLAA, there is no need to configure SRS periodicity or SRS subframe offset. With the absence of periodic SRS, there is no need for SRS duration parameter either. 
Hence, we propose that each SRS parameter set contains: number of combs {2,4}, transmission comb, cyclic shift, and number of antenna ports. Additionally, a timing index is included to SRS parameter sets associated with a multi-subframe UL DCI.

Proposal 9: Each higher layer configured SRS parameter set contains: number of combs {2,4}; transmission comb; cyclic shift; number of antenna ports and timing index when the SRS parameter set is associated with a multi-subframe UL DCI.
3
Conclusion
In this contribution we have discussed remaining open issues related to LAA SRS transmission with PUSCH together with our preferences. Based on the discussions, the following proposals are made.
Proposal 1: Periodic SRS is not supported on LAA SCells.
Proposal 2: There is no cell specific configuration of SRS subframes in FS3.

Proposal 3: UE is indicated within the UL grant whether PUSCH is transmitted on symbol #13 or not.
Proposal 4: 2-bit SRS trigger is included into a single subframe uplink grant with four signalling states: PUSCH on symbol #13, no PUSCH on symbol #13, SRS with configuration #1, SRS with configuration #2 

Proposal 5: 2-bit SRS trigger is included into a multi-subframe uplink grant with 4 signalling states: no SRS, SRS with configuration #1, SRS with configuration #2, and SRS with configuration #3. 
Proposal 6: Timing of aperiodic SRS triggered by a single subframe UL grant follows the timing of the corresponding PUSCH.

Proposal 7: Aperiodic SRS triggered by multi-subframe grant is transmitted on the nth scheduled UL subframe that does not have PUSCH on symbol #13, where n = mod(timing index, m); timing index is a higher layer configured parameter in the SRS parameter set; and m is the number of scheduled UL subframes with no PUSCH on symbol #13. 

Proposal 8: Aperiodic SRS triggered by multi-subframe grant is transmitted on the last symbol of subframe preceding first scheduled subframe when symbol #13 is used for PUSCH in all scheduled subframes. 
Proposal 9: Each higher layer configured SRS parameter set contains: number of combs {2,4}; transmission comb; cyclic shift; number of antenna ports and timing index when the SRS parameter set is associated with a multi-subframe UL DCI.
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