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1. Introduction
In LTE R8, only periodic single-antenna SRS is supported via higher layer scheduling. In LTE-A, as antenna-specific sounding should be supported for multi-antenna UEs, semi-static scheduled SRS will incur more SRS resource overhead. To ensure enough SRS resource in LTE-A, the enhancements of SRS were discussed in the last meetings. In RAN1 #60 meeting, some agreements were reached as follows:
· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)
· Precoded SRS is not supported in Rel-10.
In this contribution, we provide our views on the remaining issues on SRS transmission in LTE-A.
2. SRS transmission in LTE-A
2.1. Transmisson modes for SRS
From[1] in RAN1#58 meeting, single antenna port mode can be configured in SRS transmission as in PUSCH. As non-precoded SRS should also be supported, there are two possible tranmsisson modes for SRS: single-port SRS or antenna-specific SRS.
For periodic SRS, when single port mode is configured in PUSCH, single-port SRS can be used for channel sounding with the same implementation. When UEs are configured in semi-static multiple ports tranmisson, simultaneous sounding from multiple antennas are more reasonable for full uplink channel information. However, due to the introduction of aperiodic SRS, the transmission mode of periodic SRS may not be always tied to the PUSCH. Thus, the transmission mode could be configured via higher layer signaling independently of PUSCH. The same conclusion can also be reached for aperiodic SRS if both modes are supported for it. However, considering the application scenarios of aperiodic SRS, whether antenna-specific SRS is enough for aperiodic SRS needs further study.
 The same conclusion can also be reached for aperiodic SRS if both modes are supported for it. However, considering the application scenarios of aperiodic SRS, whether antenna-specific SRS is enough for aperiodic SRS needs further study.
Proposal: The transmission mode of SRS transmission should be configured independently of PUSCH.
2.2. Dynamic aperiodic SRS
Though dynamic aperiodic SRS was agreed in the last meeting, how to configure the SRS resources and then schedule the SRS transmission are still open. In this section, we discuss about two schemes for aperiodic SRS transmission and provide some proposals.
One-shot wideband SRS
In [2] [3], it is suggested that aperiodic SRS can be triggered using SRS-activation bit included in UL grant. Nevertheless, unlike aperiodic CQI which should be transmitted in PUSCH, aperiodic SRS is not needed to be tied with PUSCH transmission. To allow aperiodic SRS when there are not simultaneous PUSCH transmission for more efficient scheduling, it is claimed to allow dynamic aperiodic scheduling via both UL grant and DL grant. In addition, it is also beneficial for DL transmission exploiting SRS, for example, to acquire downlink CSI via channel reciprocity.
Proposal: Dynamic aperiodic SRS should be activated using both UL grant and DL grant.
SRS-specific DCI signaling [4] is an efficient way for parameters configuration of aperiodic SRS, by which the resource allocation can also be dynamic. However, the PDCCH overhead is unacceptable when aperiodic SRS is scheduled frequently. Similar parameters configuration via higher layer signaling as periodic SRS can be considered to reduce overhead. The resources for aperiodic SRS can be allocated alone, e.g. in unused SRS subframe, or share the physical resources of periodic SRS via FDM or CDM.
It’s worth noting that the period of periodic SRS can be configured from 2ms to 320ms in LTE R8. But for aperiodic SRS, the scheduling would not be dynamic and efficient if the configured period of aperiodic SRS resource is very long. Therefore, short period configurations are more appropriate for aperiodic SRS, and even predefined period can be considered (e.g. allocated every frame). This also allows the allocation of multiple aperiodic SRS subframes during a configuration period, which makes the scheduling more efficient. The details need further studied.
Proposal: The SRS parameters for aperiodic SRS are configured via higher layer signaling similar to periodic SRS with orthogonal resource.
Proposal: The signaling of configuration periods and subframes of aperiodic SRS should be different from that of periodic SRS.
It seems natural to use the timing of n+4 subframes similar to PUSCH transmission once aperiodic SRS is activated. That is to say, aperiodic SRS can only be transmitted in the same subframe where the UE’s PUSCH is transmitted. Nevertheless, since these are only few subframes allowing for aperiodic SRS, it restricts both the scheduling of PUSCH and transmission of aperiodic SRS, and then the efficiency of aperiodic SRS will be very low. Thus, it is more flexible for UEs to transmit aperiodic SRS in the nearest aperiodic-SRS-subframe after being scheduled (or 4 subframes later). By this way aperiodic SRS can be transmitted with lower delay even without PUSCH scheduling.
Proposal: Dynamic aperiodic SRS should be transmitted with flexible timing rather than fixed timing like PUSCH transmission.
Sounding via PUSCH
Another scheme for aperiodic SRS with simpler scheduling and configuration is proposed in [2], [7]. By this scheme, aperiodic SRS is transmitted in PUSCH, either in the last symbol or multiplexed with DMRS, using the parameters of DMRS. It allows the scheduling of SRS in any UL subframe with PUSCH, and will not introduce additional interference or collision. However, the sounding BW of this type of SRS is limited to the BW of PUSCH, and frequency-selective sounding is not possible.
If OCC is introduced to UL DMRS, the interference due to the multiplexing of DMRS and SRS will be reduced. However, it is still difficult for SRS of one UE to be multiplexed with other UEs’ DMRS. Additional signaling bit is needed in DCI for scheduling of PUSCH without data transmission and signaling overhead will be great. If the multiplexing is scheduled by higher layer, the aperiodic SRS will not be dynamic and the scenarios will be very limited.
Proposal: Sounding in PUSCH can only be operated via PDCCH signaling in subframes where interested UE transmitting PUSCH.
3. Conclusions
In this contribution, we analyze some schemes for SRS transmission in LTE-A. From the above discussion, we propose that:
· The transmission modes of SRS transmission should be configured independently of PUSCH.
· Dynamic aperiodic SRS should be activated using both UL grant and DL grant.
· The SRS parameters for aperiodic SRS are configured via higher layer signaling similar to periodic SRS with orthogonal resource.
· The signaling of configuration periods and subframes of aperiodic SRS should be different from that of periodic SRS.
· Dynamic aperiodic SRS should be transmitted with flexible timing rather than fixed timing like PUSCH transmission.
· Sounding in PUSCH can only be operated via PDCCH signaling in subframes where UE transmitting PUSCH.
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