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1 Introduction

In RAN1 session 61, some agreements are achieved in sounding reference signals (SRS) section, and they are listed as below:
· One-shot SRS transmission is supported.
· In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel-8 at least in common search space.
· Continue E-mail discussion until RAN1 61bis.
· Support of other SRS durations is FFS.
· Resources used for aperiodic SRS.
· Support of aperiodic triggering by DL grant?
· In case of UL triggering, allow triggering without PUSCH grant?
· Support of group triggering.
In this paper, we first show our views on the issues monitored by the e-mail discussion in section 2. Moreover, the SRS resource allocation is addressed in section 3 as well.
2 Views on Discussion Items
· Resources used for aperiodic SRS

In Rel-8/9, the configuration of periodic SRS is quite flexible. In the extreme case, all of the available uplink subframes can be configured to be cell-specific. At most time, it is expected that the available sounding resources might not be fully utilized by the periodic SRS. Furthermore, due to the timeline of Rel-10, it seems that there is no enough time to thoroughly evaluate the methods of creating new sounding resources. Hence, at the current stage it seems to be a good idea to directly multiplex periodic and aperiodic SRS operations in the cell-specific subframes [1][2][3]. It is the eNB implementation issue to select the cell-specific configuration and to define the resource ratio between periodic and aperiodic SRS as well.
Proposal 1: Using sounding resources, provided by cell-specific subframes, for aperiodic SRS should be the baseline.
· Support of other SRS durations

One-shot SRS transmission was agreed to be supported in Rel-10. However, it was shown that the system performance would degrade if SRS transmission power is shared by multiple antennas, especially for cell-edge UEs [4]. Hence, it seems worth keeping multi-shot SRS transmission by one PDCCH triggering. There are two existing proposals for solving this issue: one is to allow frequency-hopping per triggering and the other is to allow consecutive SRS transmissions per triggering (see Figure 1 of [4]). Minor standardization efforts would be required for the former one, since the corresponding parameters for frequency hopping is already defined in Rel-8/9. For the later one, it might require some standardization efforts to define a UE-specific timer so as to control how many consecutive SRS transmissions should be done.
Proposal 2: The multi-shot aperiodic SRS could be supported, and the frequency-hopping based manner could be the baseline.
· Support of aperiodic triggering by DL grant

One main purpose of DL-grant based aperiodic SRS is for the non-codebook based DL beamforming. To our understanding, the periodic SRS already could be used for the non-codebook based precodeing/beamforming as what are done in Rel-8/9 for TDD systems. The only thing people should do is to make the existing periodic SRS support multi-antenna sounding, and it is expected that only minor standardisation effort is required. On the other hand, the codebook based precoding/beamforming seems to be the main manner for the downlink transmission in LTE. As a result, there seems no obvious evidence to define one more mechanism to support non-codebook based precoding/beamforming at the current stage.
Proposal 3: Need more evaluation to see if it is necessary to support aperiodic triggering by DL grant.
· In case of UL triggering, allow triggering without PUSCH grant?

The advantage of using UL triggering without PUSCH grant might be the full flexibility of SRS resource assignment. However, the signalling overhead might be prohibitively large if the number of UEs who require aperiodic SRS is large. That would also make the PDCCH crowded and hence would increase the blocking probability. The situation might be even worse under carrier aggregation (CA) scenarios. Therefore, it would be better to let the aperiodic triggering go together with UL grant. The UE-specific SRS parameters are given by higher layers semi-persistently. For the UEs without UL grants, they could be triggered group-by-group so as to save signalling overhead, which will be discussed in the next item.
Proposal 4: Triggering without PUSCH should be further studied to see if it would cause performance degradation.
· Support of group triggering

The group triggering is an efficient way to trigger aperiodic SRS for the UEs without uplink grant. Different groups can be separated by different RNTIs. The concept of the DCI format 3/3A of Rel-8/9 could be re-used for group-wise triggering. To avoid confusion, the new format is called DCI format 3’ /3A’, whose size should be the same as DCI format 3/3A. For example, if the DCI format 3A’ is used, only 1-bit commend is supported. If the commend is TRUE, the aperiodic SRS of a corresponding UE is triggered. This manner is also helpful to trigger aperiodic SRS under the CA scenario. Each UE could be assigned multiple commend fields, each of which is mapped to a component carrier (might be configured by higher layers). The cell-specific and UE-specific SRS parameters of each component carrier can be given by higher layers. This way it provides high efficiency for group-wise triggering of aperiodic SRS in multiple carriers. If the DCI format 3’ is used, each commend field contains 2 bits and hence there are more degrees-of-freedom to define the configurations of the triggered aperiodic SRS.
Proposal 5: The group-wise aperiodic triggering is efficient for single- and multi-carrier scenarios, and so could be supported in Rel-10.
3 SRS Resource Allocation for Multiple Antennas
It is widely recognized to multiplex aperiodic SRS and periodic SRS in the cell-specific subframes [2][3]. 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. The only standardization effort would be simply the cyclic shift (CS) assignment for multi-antenna cases (i.e., 2 and 4 TX cases). The possible solution is to use implicit signalling method to assign multi-antenna SRS resources (details should be FFS). Only one parameter is required to be conveyed, and the CSs of the other antennas could be derived from the parameter [2].
Proposal 6: Different transmit antennas should be CDM with different cyclic shifts, and implicit signalling should be used to assign the cyclic shift to each transmit antenna.
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: Using sounding resources, provided by cell-specific subframes, for aperiodic SRS should be the baseline.
Proposal 2: The multi-shot aperiodic SRS could be supported, and the frequency-hopping based manner could be the baseline.
Proposal 3: Need more evaluation to see if it is necessary to support aperiodic triggering by DL grant.
Proposal 4: Triggering without PUSCH should be further studied to see if it would cause performance degradation.
Proposal 5: The group-wise aperiodic triggering is efficient for single- and multi-carrier scenarios, and so could be supported in Rel-10.
Proposal 6: Different transmit antennas should be CDM with different cyclic shifts, and implicit signalling should be used to assign the cyclic shift to each transmit antenna.
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