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1 Introduction
In previous RAN1 #66b meeting, it was agreed to study the following aspects to support UL CoMP in Rel-11.

· Potential areas of standard impact in support of UL COMP includes:
· Uplink power control
· Uplink DMRS and SRS
· Uplink control
· Uplink timing
In this paper, SRS enhancements and corresponding standard impacts are discussed. 

2 SRS resource enhancement
SRS is an efficient way to obtain multi-point channel quality for uplink and downlink CoMP. In [1], SRS capacity is analyzed in  detail taking into account requirements mentioned in [12]. It was found that SRS resources are insufficient to support timely sounding since uplink channel states related to maximum 4 antennas need to be monitored in Rel-10. Aperiodic sounding was introduced in Rel-10, which can partially alleviate the impact of the issue. 

In Rel-11, the new scenarios show that SRS capacity issue is more serious. For eNBs to obtain accurate uplink channel state information (CSI) between the UE and multiple cells, certain SRS resources should be reserved for CoMP UEs in multiple cells to avoid being interfered by other UEs served by only one cell. In other words, one CoMP UE may occupy SRS resources of multiple cells. Furthermore, in CoMP scenario 4, multiple RRHs share the same cell ID. That means UEs in coverage of different RRHs send SRS generated by the same base sequence. Hence the SRS resources for one cell have to be shared by UEs from all related RRHs. Consequently, solutions are needed to improve SRS capacity.

More resources can be exploited to extend SRS capacity. Additional resources can be unused DM RS resources for sounding [6], i.e. eNB can trigger a UE to transmit aperiodic sounding in the 4-th and the 11-th symbols with unallocated DM RS resources. OCC can provide the orthogonality with DM RS from other UEs. It may be argued that such a design could results in increased inter-cell interference (ICI) on DM RS. This can be avoided with a correctly configured eNB that enables this function for coverage-center UEs. Besides, this solution helps offload sounding from the last symbol within a subframe to DM RS resources, so that channel measurement via SRS can be more accurate to enable more reasonable scheduling. The benefit was proved in [10] with link-level simulation.

Sounding using unused DMRS resource can be used also when some resource blocks can not be sounded using Rel-10 sounding in the system, for example in the case of PUCCH-less carrier [11].
Proposal: 

· Introduce sounding with unused DM RS resources to provide additional resources to achieve higher SRS capacity and offload sounding to alleviate interference to SRS.

Other methods can also be considered to better utilize current resource for sounding. On the one hand, the unused DM RS resources can also be utilized in the form of in-band sounding, which was proposed in [7-9]. That is to say, a UE transmits non-precoded DM RSs to provide the eNB with uplink MIMO channel information for the scheduled PRBs. The interference to other UEs will not be larger if the total power is the same as current precoded DM RS. Although this method is limited in that the sounded PRB has to be the same as the scheduled PRB, it benefits the scenarios where the same subband is scheduled to a certain UE over a long run (e.g. SPS).

Proposal: 

· Consider aperiodic sounding based on non-precoded DM RS to provide additional resources to achieve higher SRS capacity.

3 Design of multi-shot SRS
In Rel-10, aperiodic sounding was introduced for better utilization of current SRS resources. The duration of aperiodic SRS is limited to one-shot while frequency hopping of aperiodic SRS is not supported. To enable more flexible aperiodic SRS transmissions, maximally five sets of parameters can be configured for one UE on one CC, and eNB may dynamically choose one of them, as shown in the table below.
Table 1 Configuration and triggering of aperiodic SRS in Rel-10
	Triggering DCI format
	Configuration

	0
	Config0

	4
	Config1-3

	1a
	Config4

	2b
	Config4

	2c
	Config4


Still, the allowed flexibility may not be fully enjoyed. For instance, a power limited UE can only support narrow band SRS transmissions. To obtain CSI of a wider bandwidth, eNB may configure multiple sets of parameters with different frequency domain position, as shown in the figure below. However, eNB need to trigger the UE for four times to acquire SRS transmissions on all configured bands, which results in large delay. Furthermore, eNB may not even have the opportunity to trigger aperiodic SRS transmissions with config1-3 if the UE is configured in SAP mode so no DCI format 4 can be received.
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Figure 1 An example of aperiodic SRS configuration
To alleviate the issue, multi-shot SRS was discussed in Rel-10. With multi-shot SRS, several SRS transmissions are scheduled after one single triggering. Nevertheless, as frequency hopping is not supported in Rel-10, multi-shot SRS using the same configuration for all transmissions would repeatedly sound the same band. It may increase the sounding quality if eNB combines all receptions, but it still cannot provide CSI for different bands. A more natural approach is to let each shot use a different configuration. For instance, in the example shown in Figure 1, four SRS transmissions can be scheduled after one triggering. The four transmissions can each adopt config0 – config3 respectively, therefore each SRS is transmitted on a different band.
Another alternative is to introduce frequency hopping for aperiodic SRS configuration. The hopping pattern and hopping related signaling designed for periodic SRS from Rel-8 can be reused to alleviate standard work.
Proposal: 

· Introduce multi-shot SRS. Enable frequency hopping for multi-shot SRS.

4 Conclusions
This contribution discusses issues related to SRS due to the introduction of CoMP technique, it is proposed to,
· Introduce sounding with unused DM RS resources to provide additional resources to achieve higher SRS capacity and offload sounding to alleviate interference to SRS.

· Consider aperiodic sounding based on non-precoded DM RS to provide additional resources to achieve higher SRS capacity.

· Introduce multi-shot SRS. Enable frequency hopping for multi-shot SRS.
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