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1 Introduction
During RAN1#63 in Jacksonville it was agreed to continue discussion on the following alternative proposals [1]:

· Frequency hopping is supported 

· Rel-8/9 frequency hopping mechanism is reused 

· Aperiodic SRS frequency resources are determined by the subframe index in which aperiodic SRS is transmitted

· Multi-shot is supported, if frequency hopping is configured

· Frequency hopping is supported 

· Rel-8/9 frequency hopping mechanism is reused 

· Aperiodic SRS frequency resources are determined by the subframe index in which aperiodic SRS is transmitted

In this paper we discuss the application of the above proposals and we analyze some remaining discussion topics for SRS.
2 Frequency Hopping for A-SRS
Frequency hopping is supported for periodic SRS in order to sample the bandwidth of interest by a sequence of sounding shots. The same mechanism may be reused in a natural fashion for A-SRS as motivated in the following.
One advantage of Frequency Hopping is that it simplifies the multiplexing between frequency hopped periodic SRS and A-SRS. Without frequency hopping it would be difficult, if not practically impossible, to configure such a multiplexing. Furthermore, frequency hopping may be motivated in scenarios where the SNR for A-SRS is too low to allow for reliable wideband estimation.

Under the hypothesis that hopping for A-SRS can be supported by reusing the same subframe index based frequency hopping mechanism as in Rel-8/9, it makes sense to support it for A-SRS in Rel-10.
Proposal:

· Frequency hopping is supported

· Rel-8/9 frequency hopping mechanism is reused 

3 Multishot A-SRS
Some companies have expressed interest in the support of multishot for A-SRS, i.e., the transmission of a sequence of (possibly frequency hopped) A-SRS following a single trigger [1].

The application of multishot SRS seems to be focused on the low SNR scenario where a single wideband A-SRS is not sufficient to achieve accurate sounding of the channel bandwidth. Therefore, the use case of multishot A-SRS, if any, is always linked to the application of frequency hopping.

The main argument in favour of multishot SRS is that UL grants may be transmitted with a time granularity that does not allow sounding of the whole frequency bandwidth within the channel’s coherence time. Interestingly, such an argument is practically removed by the introduction of DL triggering during RAN1#63b, which multiplies the occasions for SRS triggering.

The benefit of allocating a whole sequence of the scarce SRS resources to a UE sparsely scheduled both in the DL and in the UL is also at least heavily questionable. Furthermore, it is hard to prove that the UE power consumed for transmitting a sequence of SRS transmissions is balanced by a corresponding increase of spectral efficiency in the sparse UL and/or DL transmissions.

Another problem connected to the introduction of multishot SRS is that a subset of the three A-SRS configurations in DCI Format 4 and/or the RRC configured SRS set for DCI format 0 and/or DL triggering need to be assigned to multishot SRS and removed from the more useful A-SRS configuration sets. Nevertheless, several companies have shown concern for the scheduling restrictions implied by the limited number of available SRS sets already before the introduction of multishot SRS. Based on the above observations, the limitations in the assignment flexibility of A-SRS deriving from the introduction of multishot SRS appear unacceptable.
According to the agreement [1] it would also be impossible for the eNB to dynamically disable an already initiated multishot SRS transmission in order to prioritize A-SRS transmission for other UEs with stringent and urgent QoS requirements.

In conclusion, no performance improvement associated to the introduction of multishot A-SRS has been proven in RAN1, so far. Furthermore, it seems that the use case of multishot A-SRS is in the best case a corner case whose relevance has been even further attenuated by the introduction of DL triggering. Based on such considerations and in light of the implementation cost, the specification effort and the scheduling restrictions introduced by multishot A-SRS it seems natural to avoid introducing them in Rel-10.
Proposal:
·  Do not introduce multishot A-SRS.
4 Aperiodic SRS transmission timing in UpPTS

During RAN1#63 in Jacksonville agreements were reached regarding transmission timing of aperiodic SRS. More specifically, 

· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4 and n’ satisfying kSRS ( n+4 for TDD (kSRS is derived from n’, as defined in 36.213) 

It was noted during the email discussion following the decision that it is not clear how to determine for TDD since it is not clear how to determine kSRS (which in 36.213 appears to have a value range of between zero and nine).  This is also acknowledged in [2] where the proposal is to clarify this along the following:

A UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a positive SRS request in subframe n within frame 
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of serving cell c shall commence SRS transmission in the first subframe satisfying 
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A possible reason for the proposal in [1] is to avoid ambiguity in the symbols triggered for A-SRS. A potentially ambiguous assignment for TDD is the special case where UpPTS in the special subframe has two symbols available for sounding and a UE is configured with  SRSConfigurationIndex = 0 for A-SRS. Nevertheless, it is not clear how the proposal in [1] would be able to solve such an ambiguity, as the indexing is still referred to subframes and not to specific SRS resources.

In order to solve the ambiguity in the agreement, first, we note that the condition first UE-specific A-SRS subframe n’ satisfying n’(n+4 is clear and applicable for both FDD and TDD. Therefore, reminding that the above ambiguity appears in the special corner case where both UpPTS symbols are configured and the UE is configured with SRSConfigurationIndex = 0 for aperiodic SRS our proposal is to adopt a simple baseline solution, common for both FDD and TDD. In other words:

Proposal
· When dynamic A-SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4  (for both FDD and TDD)

· At most one of the available symbols in UpPTS is available for A-SRS, as configured by higher layer.

An alternative solution is to avoid the ambiguous case by restricting Table 8.2-2 in 36.213 and avoid ambiguous A-SRS assignment possibilities (e.g., by not supporting TSRS=2ms periodicities for A-SRS).
5 RRC Signaling of A-SRS Sets for DCI Format 4
For DCI Format 4 three independent sets of SRS parameters can be configured by RRC signaling and dynamically triggered by the UL grant. According to RAN1’s latest LS on RRC parameters to RAN2 such three sets are defined as part of the common set Aperiodic_SRS_set_DCI_format_4. Such a grouping of SRS parameters implies that individual reconfiguration of some of the sets for DCI format 4 is not possible and all 3 sets need to be jointly updated.

From a signaling efficiency point of view it is desirable to configure each set individually. A straightforward solution is to divide the parameters for each SRS set into three independent groups, e.g., Aperiodic_SRS_set0_DCI_format_4, Aperiodic_SRS_set1_DCI_format_4 and Aperiodic_SRS_set2_DCI_format_4. 

Each set includes the corresponding SRS parameters and can be reconfigured independently.

Proposal:

· Define three independent groups of RRC configured SRS parameters for DCI Format 4 instead of the common group Aperiodic_SRS_set_DCI_format_4.

6 Value Range for the Configuration of A-SRS Parameters

From the Chairman’s minutes and the list of physical layer parameters in [3], we note that the value ranges of the following agreed parameters need to be determined:

· cyclicShift-ap

· srs-Bandwidth-ap

· SRS antenna port configuration-aperiodic

· freqDomainPosition-ap

It may be noted that one instance of each of the above parameters is associated to each of the A-SRS parameters set for DCI Formats 0, 4 and possibly DL triggering.   There are also other parameters, which are for further study, and not needed for single-shot A-SRS.

For narrower sounding bandwidths, periodic sounding appears appropriate since multiple transmissions are needed in case there is a need to sound the whole bandwidth.  In light of the SU-MIMO application for high data rates, wider sounding bandwidths appears suitable and hence the value ranges for the parameters only need to consider wider bandwidth. This leads to the following proposal.

When it comes to the configuration index, srsConfigurationIndex, the current agreement is that this is common for all sets. An open issue is whether the whole or a subset of Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213 is to be used.  Longer periodicities are suitable for periodic sounding when multiple users need to be multiplexed.  Aperiodic sounding on the other hand use dynamic triggering to multiplex different users, and longer periodicities (say, above 20ms) do not appear needed. 

Proposal

· The following is proposed for aperiodic sounding reference signal  higher layer parameters
· cyclicShift-ap: 3bits
· srs-Bandwidth-ap:  full BW, ½ BW and ¼ BW
· SRS antenna port configuration-aperiodic : 1, 2 or 4 (restrictions apply depending on transmission mode)
· freqDomainPosition-ap: 2bits
· SRS configuration index for periodicity and subframe offset only needs to consider periodicities up to 10ms.
· Support to 2ms periodicity depends on the agreement on UpPTS timing
7 Summary

Based on the analysis of the agreements, the following has been concluded w.r.t. remaining details for SRS specification in Rel-10:
· Frequency hopping is supported

· Rel-8/9 frequency hopping mechanism is reused 

· Do not introduce multishot A-SRS.

· When dynamic A-SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4  (for both FDD and TDD)

· At most one of the available symbols in UpPTS is available for A-SRS, as configured by higher layer.

· Define three independent groups of RRC configured SRS parameters for DCI Format 4 instead of the common group Aperiodic_SRS_set_DCI_format_4.

· The following is proposed for aperiodic sounding reference signal  higher layer parameters
· cyclicShift-ap: 3bits
· srs-Bandwidth-ap:  full BW, ½ BW and ¼ BW
· SRS antenna port configuration-aperiodic : 1, 2 or 4 (restrictions apply depending on transmission mode)
· freqDomainPosition-ap: 2bits
· SRS configuration index for periodicity and subframe offset only needs to consider periodicities up to 10ms.

· Periodicity of 2ms might possibly be supported, depending on the agreement on UpPTS timing)
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