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1 Introduction

In RAN1 session 60, some agreements are achieved in sounding reference signals (SRS) section, and they are listed as below:
· In case of aperiodic sounding, triggering is at least by PDCCH UL grants.
· FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time). 

· Triggering in DL assignment is FFS.
· Details of what is triggered are FFS.
In this paper, we aim to do some follow-up discussions on some items which are FFS. In addition to the aperiodic sounding, this paper also focuses on the LTE-A periodic sounding. Since periodic sounding seems to be the primary mechanism for sounding, it is worth being discussed further at this stage.
2 Aperiodic Sounding Based on UL Grant
The main concern of triggering aperiodic SRS is the signalling overhead. As a result, it is necessary to think about what is the most efficient way to activate the aperiodic SRS operation. It is also desired to change the existing specification as minimally as possible. First of all, we discuss the possible additional signalling messages, which would be required in the UL grant.
· Aperiodic SRS request: since aperiodic SRS is a new feature, this information is necessary for this feature. One company proposes to insert a 1-bit flag in the UL grant [1] to trigger the UL-grant based aperiodic SRS. If the flag turns to be 1, a UE shall transmit sounding signals in a PUSCH bandwidth.
· Sounding resource assignment: a signalling message is required to assign SRS resource to each transmit antenna of an UE. If inserting a new field in the UL grant, an additional signalling overhead is induced. It seems possible to re-use the information field, which is utilized to assign the DM-RS resource, for aperiodic resource assignment. That is, based on a pre-defined rule (should be FFS), the SRS resource assignment information could be derived from the information field. If the PUSCH grant is agreed to be given at the same time, the information field is utilized both for DM-RS and SRS resource assignments. If not, the field can be used for SRS resource assignment only.
Proposal 1: Suggest RAN1 to discuss how to limit the signalling overhead to trigger aperiodic sounding.
In the following, we continue to discuss whether the PUSCH grant is given at the same time or not. The advantages and disadvantages for the two options are summarized below.
Aperiodic SRS with PUSCH grant (option 1): this option only allows the UE with PUSCH grant to transmit SRS.
Pros: 
· Lower signalling overhead since no additional UL grant for triggering aperiodic SRS is required.
Cons: 

· Lower flexibility. Only the UE, which has a PUSCH grant, can transmit SRS in a specific band. As a result, the flexibility of sounding scheduling is limited.
Aperiodic SRS without PUSCH grant (option 2): the UE, who is allowed to do aperiodic sounding, is not necessary to have PUSCH grant.
Pros: 

· Higher flexibility. An eNB can dynamically schedule multiple UEs to a specific bandwidth to do aperiodic sounding. Unlike option 1, the sounding operation is not tied with PUSCH transmissions. However, this benefit comes at cost of higher signalling overhead.
Cons: 

· New definition of UL grant. An “empty” UL grant, which only carries SRS-related parameters, should be defined for enabling apriodic sounding.

· Higher signalling overhead. The reason is that each UE requires a UL grant to do aperiodic sounding, even though it does not have data to transmit. This would make PDCCH crowded, leading to resource waste. In the carrier aggregation scenario, the situation would be more severe, since primary component carrier is widely recognized to carry the control information of secondary component carriers. 
· Interference issue. One possible apriodic SRS method is to utilize the un-used CS on DM-RS symbols. In this way, since the aperiodic SRS of an UE might overlap with another UE’s DM-RS symbols, the demodulation performance of the UE with PUSCH grant might be affected, due to the presence of the aperiodic SRS. The situation would be even worse, if the received power of the UE with PUSCH grant is small.
Based on the discussion, it seems that the two options are non-exclusive. However, for co-existence of the two options, one extra signalling message might be inserted in the UL grant for UE to distinguish them. One more thing is that option 1 might need relatively less changes on the existing specification. Hence, the UE with the PUSCH grant could be first allowed to do aperiodic sounding. 
Proposal 2: Aperiodic SRS with PUSCH grant would be the baseline, and Aperiodic SRS without PUSCH grant should be FFS.
3 Periodic Sounding
The periodic sounding seems to be the primary mechanism for UE to do sounding. As a result, it is also important to further discuss it for LTE-A. To our understanding, it would be better to re-use the RRC format of R-8/9 for backward compatibility. In this way, it is possible to allow eNB to co-allocate advanced and legacy UEs in a sounding channel. On the other hand, it would result in minimal standardization efforts. If re-using of the existing RRC is agreed, the only standardization effort would be simply the CS assignment for multi-antenna cases (i.e., 2 and 4 TX cases). The possible solution is discussed in the uplink DM-RS section, where some companies propose to use implicit signalling to assign CS and OCC for each rank scenario [3][4]. The concept is possible to be re-used for CS assignment of SRS (details should be FFS).
Proposal 3: Suggest RAN1 to discuss the feasibility of re-using sounding RRC format of R-8/9 for periodic sounding of R-10.
4 Conclusion
In this contribution, we provide some views on aperiodic and periodic SRS. Based on the above discussions, we have following proposals:

Proposal 1: Suggest RAN1 to discuss how to limit the signalling overhead to trigger aperiodic sounding.
Proposal 2: Aperiodic SRS with PUSCH grant would be the baseline, and Aperiodic SRS without PUSCH grant should be FFS.
Proposal 3: Suggest RAN1 to discuss the feasibility of re-using sounding RRC format of R-8/9 for periodic sounding of R-10.
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