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1 Introduction

In RAN1 session 62, a great progress was made on aperiodic SRS section. The remaining issues are the SRS resource allocation for multiple antennas and the determination of state number in UL grant [1]. In this Tdoc, we will show our views on these two topics.
2 CS and Comb Assignments for Multiple Antennas
It was agreed that the SRS resources, which are provided by the cell-specific subframes, should be shared by periodic and aperiodic SRS [1]. In Rel-8/9, there are two transmission combs, each of which supports eight CS values, in a sounding symbol, and the CS and comb assignments are configured by RRC. In Rel-10, we also think that resource assignments of periodic and aperiodic SRS should be configured in the RRC level. In this way, the RRC format of Rel-8/9 can be largely re-used, such that the spec. modification is minimized and moreover the signalling overhead would be reduced. If needed, some of the parameters of aperiodic SRS could be fine-tuned when it is triggered by the UL grant. The UE-specific RRC formats of periodic and aperiodic SRS could be different, since some information elements of periodic SRS are not needed for aperiodic SRS and their adjustment periodicities might be different as well.
Rel-8/9 only supports single-antennas SRS transmission, and so the resource assignment is naturally antenna-specific. However, uplink MIMO will be supported in Rel-10, so that the SRS transmissions from multiple antennas are required. If using the antenna-specific resource assignment, the signalling overhead would be a concern (i.e., for each antenna, 3 bits for CS assignment and 1bit for comb assignment). As a result, the resource assignment mechanism in Rel-8/9 requires some modifications to suit the need. It was agreed in session 62 that both CDM and FDM can be used to multiplex different antennas. The agreed implicit method in UL DM-RS section [1][ 2] seems to be able to provide some hints here. 
In the RRC message of aperiodic SRS, the information elements called cyclicShift-ap and transmissionComb-ap are used to allocate a CS and comb to a specific UE [4]. By re-using the philosophy of the implicit method as mentioned in the UL DM-RS section, cyclicShift-ap and transmissionComb-ap could be used to assign the CS and comb to the first antenna of a specific UE, and the CS and comb of other antennas could be obtained by a pre-defined rule. According to the formulas shown in [2], the kth antenna’s CS and comb can be respectively expressed as
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In each TX case, it seems reasonable to separate antennas equally-spacedly with the maximal spacing in the CS domain. This way it not only keeps the best orthogonality among antennas, but also facilitates SRS resource allocation to multiple UEs since the CS usage pattern of each UE is the same. Moreover, although the two transmission combs can provide perfect orthogonality, it is impossible to separate up to four antennas by using pure FDM. So, there are two methods to multiplex different antennas: one is CDM method and the other is CDM+FDM method. Based on the above statements, one CDM example and one CDM+FDM example are listed below.
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For 1TX case, 
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For 2TX case, 
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For 4TX case, 
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CDM+FDM
For 1TX case, 
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For 2TX case, 
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For 4TX case, 
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The illustrations of the two examples are shown in Figure 1. It is expected that the performance of the CDM+FDM method would perform better under the noise-limited scenarios (e.g., lightly-leaded cases), and the two methods would perform similarly under the interference-limited scenarios (e.g., highly-leaded cases). So, it seems reasonable to adopt the CDM+FDM method.
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Figure 1. Illustrations of CDM and CDM+FDM examples.
Proposal 1: The CDM+FDM method could be used to multiplex different antennas.
3 CS and Comb Re-assignment
The main concern of the RRC-configured aperiodic SRS is the lower flexibility. So, it would be better to design a resource re-assignment mechanism. Currently, companies are discussing how many states should be defined in the uplink grant for triggering aperiodic SRS. The followings are the current consensuses:
· Number of states needed in the PDCCH grant for triggering/configuration.
· DCI format for single-port transmission: {2, 4, 10} states.
· DCI format for MIMO transmission: {2, 4, 18} states.
· More discussion needed to decide on one set of states.
According to [4], the DCI format for single-port transmission is format 0, and the DCI format for MIMO transmission is format 4. Since format 0 aims to provide more robust transmission than format 4, it only supports rank-1 transmission without PMI selection. It implies that a UE with format 0 might not highly demand aperiodic SRS transmission. So, there is no need to define too many states for SRS re-configuration. It seems reasonable not to have more than 4 states in format 0. Moreover, format 0 already additionally accommodates the parameters regarding to CA and multi-cluster PUSCH. It seems better not to induce additional bits for aperiodic SRS, so as to maximally maintain format 0’s coverage. As a result, for format 0 it would be better to re-use the information field of the uplink grant for the re-allocation of SRS resource. That is, the information field is not only for its original purpose but also for SRS parameter adjustments. The cyclic shift indication (CSI) field might be a candidate, as mentioned in [3]

As for format 4, it supports closed-loop uplink MIMO, which highly relies on aperiodic SRS. So, it is natural to define more states for aperiodic SRS re-configurations. Among the three state numbers (i.e., 2, 4, and 18), 18 states seem reasonable to be defined in format 4. Unlike in format 0, the CSI field of format 4 should simultaneously assign CS and OCC for each layer. If the field is further used for the SRS re-configuration, the value of the field might be difficult to decide. So, it would be better to define a new DCI field in format 4 for triggering/re-configuring aperiodic SRS. For both DCI formats, the joint encoding, in which only an index is signalled to modify multiple parameters, also could be considered.
Proposal 2: No more than 4 states are defined for DCI format 0, and 18 states are defined for DCI format 4.
4 Conclusion
In this contribution, we provide some views on the resource allocation issue of aperiodic and periodic SRS. Based on the above discussions, we have the following proposals:
Proposal 1: The CDM+FDM method could be used to multiplex different antennas.
Proposal 2: No more than 4 states are defined for DCI format 0, and 18 states are defined for DCI format 4.
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