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1. Introduction

At the RAN1#59bis meeting, issues regarding sounding reference signal (SRS) transmission for LTE-Advanced were discussed [1-22] and an agreement was reached regarding the baseline for the SRS transmission scheme in the case of carrier aggregation, i.e., independent SRS configuration per component carrier. Furthermore, according to the discussion at the previous RAN1#60 meeting [23], support for dynamic aperiodic SRS was agreed. However, most of details such as exact signal format and signalling aspects are still open. Therefore, this contribution presents our further investigations on the SRS enhancement for LTE-Advanced.
2. Support for Dynamic Aperiodic Sounding
In LTE-Advanced, multi-antenna transmission for up to four Tx antennas is supported in the uplink to increase the peak data rate and user throughput. Some evaluations suggest that using MIMO channel information that is obtained from the SRS achieves a large benefit from uplink multi-antenna transmission. However, simple extension of the Rel. 8 SRS leads to an increase in the SRS overhead and efficient management of resources for sounding is required. Hence, similar to downlink CQI reporting, a combination of periodic and aperiodic sounding is beneficial [1-3,5,11,16]. Our views on the required properties for periodic and aperiodic sounding are summarized as follows.
· Periodic sounding

· Rel. 8 SRS structure should be used
· Used for rough uplink channel measurement, i.e., wideband / long-term signal strength
· Used for rough uplink MIMO channel measurement, i.e., long-term spatial channel information
· Should have a low overhead (allowing for a long Tx interval or reduction of unnecessary transmissions) 
· Aperiodic sounding

· New reference signal design may be allowed
· Used for fine uplink channel measurement, i.e., frequency-selective / short-term signal strength
· Used for fine uplink MIMO channel measurement, i.e., short-term spatial channel information
· Dynamic resource assignment triggered by UL grant

Based on these properties, we discuss the sounding scheme for uplink multi-antenna transmission in Section 3, and derive an aperiodic sounding signal design in Section 4.
3. Sounding Scheme for UL Multi-antenna Transmission
3.1. Aperiodic Sounding for UL Multi-antenna Transmission

At the previous RAN1#60 meeting, it was agreed that the precoded SRS is not supported in Rel. 10. Therefore, UE transmits an aperiodic SRS for each Tx antenna simultaneously so that the eNB can estimate the spatial channel information accurately at the reception timing of the SRS. The transmission timing of aperiodic SRS could be determined by the reception timing of the UL grant as shown in Fig. 1.
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Figure 1 – Aperiodic sounding scheme for multi-antenna transmission

3.2. Periodic Sounding for UL Multi-antenna Transmission

We consider the following three alternatives for the periodic sounding scheme for uplink multi-antenna transmission.
· Alt. 1: Simultaneous SRS transmission from all Tx antennas
Figure 2(a) shows an example of Alt. 1, where the UE periodically transmits an SRS for each Tx antenna simultaneously. The major merit of Alt. 1 is that the eNB can estimate the spatial channel information accurately at the reception timing of the SRS. Although the Tx interval for periodic SRS should be sufficiently long, e.g., more than 20 msec, to achieve practically a low overhead, the eNB still can utilize long-term spatial channel information obtained from the SRS for the closed-loop precoding. Meanwhile, a drawback to Alt. 1 is that the size of the overhead linearly increases according to the number of Tx antennas. Although we can alternatively consider extending the transmission interval and hopping patterns in accordance with the number of Tx antennas, this cause the difficulty for resource management.
· Alt. 2: Antenna port switching
Figure 2(b) shows an example of Alt. 2, where the UE periodically transmits an SRS for each Tx antenna port alternately similar to the Rel. 8 antenna selection [24]. The major merit compared to Alt. 1 is a smaller overhead when the same Tx interval is employed irrespective of the number of Tx antennas. However, in Alt. 2, it is difficult for the eNB to estimate the spatial channel information accurately since Tx interval per antenna port becomes large. Thus, only the long-term signal strength for each Tx antenna port is available from periodic sounding.
· Alt. 3: Single antenna port transmission
Figure 2(c) shows an example of Alt. 3, where the UE periodically transmits an SRS for a single Tx antenna port. Major merit compared to Alt. 1 is smaller overhead as well as Alt. 2. However, in Alt. 3, the eNB cannot obtain any spatial channel information via the periodic sounding. Therefore, aperiodic sounding needs to be used to obtain the spatial channel information.
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(a) Alt. 1: Simultaneous transmission from all Tx antennas
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(b) Alt. 2: Antenna port switching
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(c) Alt. 3: Single antenna port transmission

Figure 2 – Alternatives for periodic sounding scheme for multi-antenna transmission
Currently, we consider Alt. 1 as the baseline. However, (additional) support for Alt. 2 or Alt. 3 should be FFS for further overhead reduction.
4. Design of Signal Format for Aperiodic SRS
There are several proposals for the aperiodic signal format [1,11,16]. We currently consider the following possibilities, although the preference is FFS.
· One-shot SRS
Basically, the one-shot SRS uses the same signal format as Rel. 8 based periodic SRS as shown in Fig. 3. It can be multiplexed using existing periodic SRS resources such as comb and cyclic shift (CS).
· Pros

· Wideband sounding capability for frequency-domain channel dependent scheduling
· Cons

· Potentially complex resource management especially considering multiplexing with aperiodic SRS.

· Large number of signaling bits may be required to indicate comb, CS, frequency position, etc.
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Figure 3 – Example of one-shot SRS transmission
· DM-RS based sounding
Figure 4 shows an example of DM-RS based sounding. This non-precoded DM-RS transmission is a scheme only for multi-antenna UEs. It can improve the accuracy of closed-loop precoding vector selection in addition to that of link adaptation. There are two alternatives: (a) Use the existing DM-RS symbols or (b) use one of PUSCH symbols.
· Pros

· Relatively easy resource management (could be the same as DM-RS for SU-MIMO)
· Continuous transmission (may be preferred from RAN4 perspective)

· Cons

· It does not contribute to improving frequency-domain channel dependent scheduling since sounding bandwidth is limited within the allocated PUSCH bandwidth
· Two demodulation schemes are required in (a)
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(a) DM-RS based sounding on existing DM-RS symbols
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(b) DM-RS based sounding on one of PUSCH symbols
Figure 4 – Example of DM-RS based sounding
· Spread SRS

Figure 5 shows an example of spread SRS which is non-orthogonal to other PUSCH transmissions. The spread SRS must be transmitted at a sufficiently low signal power density, e.g., lower than inter-cell interference, to avoid influence of increase in the interference level as much as possible.

· Pros

· Wideband sounding capability for frequency-domain channel dependent scheduling
· Continuous transmission (may be preferred from RAN4 perspective)

· Cons

· Increase in intra-cell interference (interference canceller may be needed)
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Figure 5 – Example of spread SRS transmission
5. Conclusion

In this contribution, we addressed our views on the SRS enhancement for LTE-Advanced. Our current views are given below.

· Regarding aperiodic SRS
· Triggered by UL grant

· Transmission timing is determined by the reception timing of UL grant
· For uplink multi-antenna transmission, simultaneous SRS transmission from all Tx antennas is supported
· Signal format is FFS
· Regarding periodic SRS
· Rel. 8 SRS resource is reused

· For uplink multi-antenna transmission, the following alternatives are FFS
· Alt. 1: Simultaneous SRS transmission from all Tx antennas

· Alt. 2: Antenna port switching

· Alt. 3: Single antenna port transmission
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