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1. Introduction

In email discussions, the issues below regarding a dynamic aperiodic sounding mechanism were discussed [1]. RAN1, however, has not reached an agreement on the following issues.
· Support of other SRS durations

· Resources used for aperiodic SRS

· Support of aperiodic triggering by DL grant

· In case of UL triggering, whether or not to support triggering without PUSCH grant

· Support of group triggering
In order to make progress regarding these SRS issues, we think resources used for aperiodic SRS should be decided first because this decision may affect the discussion of other issues such as triggering. As for aperiodic SRS resources, the following was noted as a starting point of the discussion at the last RAN1 meeting [2].

· Rel. 8 (time/frequency/code) SRS resources are re-used for aperiodic sounding
On the other hand, using DMRS resources for uplink channel sounding purposes was also proposed [3],[4]. In this contribution, we present our system-level evaluation on this issue to clarify the effect of aperiodic sounding depending on the sounding resources in Rel. 10 LTE uplink.
2. Resources for Aperiodic Sounding
Aperiodic SRS is an effective tool to control the density of SRS transmissions that would be needed for Rel. 10 multi-antenna UE support due to the increased overhead for a larger number of antenna ports [5]. Meanwhile, in-band sounding using DMRS resources might be helpful in assisting a wideband SRS especially with a sparse transmission interval. In this section, we explain the possible radio resources for aperiodic sounding assumed in our simulation evaluations.
· Wideband SRS (Rel. 8 based)
Fig. 1 shows an example of Rel. 8 based wideband SRS transmission for supporting multiple antennas, which was noted as a starting point of the discussion at the last RAN1 meeting [2]. Each Rel. 10 UE may transmit a wideband SRS from all antennas, for example, using cyclic shift multiplexing. The information obtained using a wideband SRS could be used for the following purposes.
· Scheduling

· Adaptive modulation and channel coding (AMC)
· PMI selection

A wideband SRS can be transmitted either by explicit triggering by the UL grant as shown in Fig. 1 or periodically as in Rel. 8. 
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Figure 1 – Wideband SRS transmissions
· Precoded DMRS
Fig. 2 shows an example of precoded DMRS transmission. A precoded DMRS may be used to assist a wideband SRS as shown in Fig. 2. The information obtained using a precoded DMRS could be used for the following purposes.
· Scheduling (to assist a wideband SRS)
· AMC (to assist a wideband SRS)
Note that a precoded DMRS has no standardization impact and does not need explicit triggering since it is a network implementation matter. 
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Figure 2 – Precoded DMRS transmissions
· Non-precoded DMRS (In-band aperiodic SRS)

Fig. 3 shows an example of a non-precoded DMRS transmission as in-band aperiodic sounding. A non-precoded DMRS may also be used to assist a wideband SRS as shown in Fig. 3. The information obtained using a non-precoded DMRS could be used for the following purposes.

· Scheduling (to assist a wideband SRS)

· AMC (to assist a wideband SRS)

· PMI selection (to assist a wideband SRS)

The main difference between a precoded DMRS and a non-precoded DMRS is whether or not the information pertaining to PMI selection can be obtained.
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Figure 3 – Non-precoded DMRS transmissions
3. Simulation Evaluation of Aperiodic SRS Resources
If using Rel. 8 SRS resources is a baseline for the aperiodic sounding for Rel. 10 as noted at the last RAN1 meeting [2], the key point we should clarify is how much additional gain could be obtained by employing the in-band sounding using the non-precoded DMRS since using the precoded DMRS does not need additional specifications. On the other hand, a fundamental comparison between wideband aperiodic sounding with Rel. 8 SRS resources and in-band sounding with the non-precoded DMRS resources would be also meaningful. 
Table 1 gives the simulation assumptions. In order to clarify the effect of aperiodic sounding depending on the sounding resources, we evaluate the cell throughput and cell-edge user throughput (defined as 5% CDF value) in three scenarios as follows.
(1) Wideband SRS only

(2) Wideband SRS plus precoded DMRS

(3) Wideband SRS plus non-precoded DMRS

When DMRS resources are used as in (2) and (3), channel quality information for each PRB used for scheduling, AMC, and PMI selection at the eNB is partially updated in addition to the full update using the wideband SRS as shown in Fig. 4. In the evaluation, the transmission interval for wideband SRS, which could be interpreted as the density of aperiodic SRS triggering, is parameterized. Furthermore, we evaluate the following two assumptions for the wideband sounding in order to clarify the influence of coverage limitation for Rel. 8 SRS resources.
· Ideal wideband sounding with SRS bandwidth of 48 PRBs (as a reference)
· Adaptive SRS bandwidth, where the maximum bandwidth satisfying the UE power headroom is selected from the bandwidths of 48, 24, 12, and 4 PRBs. The frequency hopping is applied when the SRS bandwidth of 48 PRBs is not selected.
Table 1 – Simulation Parameters
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Figure 4 – Example of channel quality update at eNB using wideband SRS and in-band sounding
Figure 5(a) shows the cell throughput performance in a 2-by-2 antenna configuration. The figure shows that cell throughput performance degrades as the transmission interval, i.e., density of aperiodic SRS triggering for the wideband SRS becomes sparse. The performance degradation is severe when only a wideband SRS is employed in particular. Whereas, we see that the performance degradation can be alleviated by using DMRS resources for channel sounding. Meanwhile, the figure shows that the gain by introducing the non-precoded DMRS compared to using the existing precoded DMRS is relatively small from the viewpoint of cell throughput performance. For example, when the transmission interval for wideband SRS is 40 msec, the gain by introducing the non-precoded DMRS is approximately 3%.
Figure 5(b) shows the cell-edge user throughput performance in a 2-by-2 antenna configuration. We see that the cell-edge user throughput performance with adaptive SRS bandwidth degrades in a shorter transmission interval of wideband SRS compared to the cell throughput performance case. This is attributed to the fact that the SRS bandwidth for cell-edge UEs tends to be narrow, e.g., 4 PRBs. In this case, the gain by introducing the non-precoded DMRS can be observed when the transmission interval, i.e., density of aperiodic SRS triggering for the wideband SRS is sparse. For example, when the transmission interval for wideband SRS with adaptive bandwidth is 40 msec, the gain by introducing the non-precoded DMRS compared to using the precoded DMRS is approximately 14%. However, this gain becomes small when the transmission interval of wideband SRS is small such as 10 msec or less.
[image: image6.emf]0

5

10

15

1 10 100

Cell throughput (Mbps)

Transmission interval for wideband SRS (msec)

0

0.1

0.2

0.3

0.4

0.5

1 10 100

Cell-edge user throughput (Mbps)

Transmission interval for wideband SRS (msec)

Wideband SRS

Wideband SRS + Precoded DMRS

Wideband SRS + Non-precoded DMRS

Wideband SRS

Wideband SRS + Precoded DMRS

Wideband SRS + Non-precoded DMRS

Case 1, 2-by-2

Ideal

Adaptive SRS bandwidth

Case 1, 2-by-2

Ideal

Adaptive SRS bandwidth

  
             (a) Cell throughput                                     (b) Cell-edge user throughput

Figure 5 – Performance for each SRS scheme in 2-by-2 configuration
Figs. 6(a) and 6(b) show the cell throughput and cell-edge user throughput performance in a 2-by-4 antenna configuration, respectively. Although the figures show almost the same tendency in throughput performance as that for the 2-by-2 case, the gain by using the DMRS resources is decreased compared to the 2-by-2 case due to 4-branch receiver diversity gain. 
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             (a) Cell throughput                                     (b) Cell-edge user throughput

Figure 6 – Performance for each SRS scheme in 2-by-4 configuration
Finally, we discuss a fundamental comparison between wideband aperiodic sounding with Rel. 8 SRS resources and in-band sounding with the non-precoded DMRS resources based on the following approaches.
(1) Aperiodic sounding using Rel. 8 SRS resources combined with in-band sounding using precoded DMRS resources
(2) Aperiodic sounding using non-precoded DMRS resources combined with periodic SRS with a relatively long transmission interval
From the Fig. 5(a) and 5(b) of the performance in a 2-by-2 antenna configuration, assuming periodic wideband SRS sounding is 160 msec, aperiodic sounding by Rel. 8 SRS resource (blue curves) needs average triggering interval of 10-20 (5-10) msec to achieve the same cell throughput (cell-edge user throughput) performance as the aperiodic sounding by using non-precoded DMRS resources (green curves). Even shorter triggering interval will be needed if aperiodic sounding by Rel. 8 SRS resources are not combined with precoded DMRS resources. To conclude which of the two approaches would be better, more investigations are necessary, such as comparison of the required number of sounding resources to achieve the same performance level, and the performance evaluation in non-full buffer traffic to access the performance sensitivity of the DMRS based approach to the bursty traffic situations.

4. Conclusion

This contribution presented our views on aperiodic sounding resources for Rel. 10 LTE. Through the system-level simulations, we obtained the following results.

· Scheduling and AMC assistance by DMRS is effective when the transmission interval, i.e., density of aperiodic SRS triggering for the wideband SRS is sparse
· Note that precoded DMRS does not need additional specifications
· If aperiodic sounding using Rel. 8 SRS resources is adopted, additional gain by introducing a non-precoded DMRS is basically small especially when the transmission interval of wideband SRS is sufficiently short such as 10 msec or less. However, some gain is observed in the cell-edge user throughput due to coverage limitation of Rel. 8 SRS resources.
· Further investigation would be necessary to identify which of the two resources: Rel. 8 SRS resources and non-precoded DMRS resources are appropriate for aperiodic sounding in Rel. 10.
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