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1 Introduction
This contribution discusses and provides considerations for the still remaining issues concerning SRS.
· Support of frequency hopping and multi-shot for aperiodic SRS
· Configuration and triggering of aperiodic SRS
· Multiple triggering of aperiodic SRS
2 Frequency hopping and multi-shot transmissions for aperiodic SRS
For periodic SRS, hopping is supported so that a sequence of SRS transmissions jointly covers the frequency band of interest. It is more straightforward to support similar mechanism for aperiodic SRS as discussed below.

Firstly if hopping and multi-shot SRS are not supported, the frequency region that can be covered by aperiodic SRS may be limited. For instance, assume uplink bandwidth of 50RB. For SRS bandwidth configuration CSRS=5, then the tree structure shown in the figure below is utilized for SRS [1].
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Figure 1 SRS bandwidth configuration

For DCI format 4 triggered aperiodic SRS transmission, three sets of configurations are pre-defined. If one UE is not able to be configured with wideband SRS transmission, i.e. BSRS>0, then at most half of the sounding bandwidth can be covered if hopping is not supported, as shown in the left part of the figure below. On the other hand, if hopping is supported, all the sounding bandwidth could be scanned. 

In addition, if multi-shot SRS is also supported, once triggered, subsequent SRS transmissions can cover a wider frequency region. Therefore it facilitates frequency domain scheduling.

Hopping also simplifies the multiplexing between periodic SRS and aperiodic SRS. As periodic SRS supports hopping, it could be complicated to allocate aperiodic SRS and periodic SRS on orthogonal resources if aperiodic SRS does not support hopping. One may separate periodic and aperiodic SRS by comb or subframe to avoid the problem. Nevertheless it could reduce the efficiency in sounding resource allocation. If aperiodic SRS supports hopping the resource allocation for aperiodic SRS would be similar to Rel-8, the only difference is that aperiodic SRS is not transmitted unless triggered.

For multi-shot SRS, it is preferred that once triggered, the subsequent SRS transmissions hop over the configured hopping bandwidth, e.g.

Nshot = Bhop/BSRS

Where Nshot is the number of triggered SRS transmissions, Bhop is the configured hopping bandwidth, BSRS is the configured SRS transmission bandwidth. For each set of configured parameters, one duration bit is used to configure one shot or multi-shot SRS.
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Figure 2 Configuration for DCI format 4 triggered aperiodic SRS

Proposal 1: For DCI formats 0, 4 and 1A (in TDD) triggered aperiodic SRS transmissions, hopping and multi-shot SRS are both supported. For multi-shot SRS, the triggered SRS transmissions hop over the whole configured hopping bandwidth exactly once. For each set of configured parameters, one bit is used to configure one shot or multi-shot SRS.
3 Configuration and triggering of aperiodic SRS
In #63, it was agreed that DCI format 4 use three states to dynamically indicate three sets of RRC-configured aperiodic SRS transmission parameters. It was also agreed that the parameter “srsConfigurationIndex” is common for all sets. A possible further down-selection to identify more common parameter(s) for all sets has been listed in the Chairman’s notes. The possible parameters are transmissionComb, cyclic shift, SrsBandwidth, FrequencyDomainposition, SrsHoppingBandwidth (if hopping is supported), duration (if multi-shot SRS is supported), number of antenna ports.

Among these parameters, dynamic selection of cyclicshift, comb or frequency domain position could be used to avoid collision [2]-[4]. Using CS to avoid collision is most straightforward and should be supported. However, note that CS selection may still suffer from significant interference even if a direct collision is avoided. One example is shown in the figure below. Assume UE1 with four configured SRS antenna ports and UE2 with two configured SRS antenna ports are scheduled to transmit SRS on the same frequency time resources. In addition, assume only CS is used for multiplexing of SRS transmissions from different antenna ports. Although collision can be avoided by proper assignment of CS, adjacent CSs are used. It could result in degraded sounding performance in large delay spread scenarios. 
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Figure 3 Collision avoidance using cyclic shift

In this case it is preferable that comb and frequency domain position are used for collision avoidance. For example in the configuration shown in Figure 2, eNB can choose to sound another band to avoid collision.

It is also beneficial to set different bandwidth for different configuration. Hence eNB can trigger a wideband sounding for frequency domain scheduling while narrow band sounding can be used to update the CSI on a subband.

Yet each configuration may have independent setting of number of antenna ports. The corresponding SRS transmissions could help the eNB to decide whether to switch the transmission mode for UL transmission. 

For the parameter “duration”, if multi-shot SRS is supported, it is natural to configure different duration for each configuration. The duration could simply be either single-shot or multi-shot.

For hopping bandwidth, if it is common for all configurations, the sounding resource allocation flexibility is restricted. Besides, if each configuration has different SRS bandwidth, it is more suitable to configure independent hopping bandwidth for each SRS bandwidth.

To sum up, it is preferred that each configuration has independent setting of transmissionComb, cyclic shift, SrsBandwidth, FrequencyDomainposition, SrsHoppingBandwidth, duration, number of antenna ports. It maximizes the flexibility and simplifies sounding resource management, i.e. eNB may be able to configure each set independently similar to Rel-8 periodic SRS. The only difference is aperiodic SRS is not transmitted unless triggered.

Proposal 2: For DCI formats 0, 4 and 1A (in TDD) triggered aperiodic SRS transmissions, each configuration has independent setting of transmissionComb, cyclic shift, SrsBandwidth, FrequencyDomainposition, SrsHoppingBandwidth, duration, and number of antenna ports. All the Rel-8 values for each parameter in each set are supported.
4  Multiple triggering of aperiodic SRS

It was agreed that DCI format 4 and 0 can both be used for aperiodic SRS triggering. Triggering with DCI format 1a is also supported for TDD. For each type of triggering, independent RRC configured parameters are used. Different type of DCI formats could trigger aperiodic SRS transmissions on the same subframe. Another possibility is that multiple commands carried by the same DCI format transmitted on different subframes may trigger aperiodic SRS transmission on the same subframe, as show in Figure 4. 

In #63b it was agreed that

SRS + SRS, intra CC 
· Only one SRS transmission by a UE on the same CC in the same SC-FDMA symbol in the same subframe

· Aperiodic SRS is prioritized over periodic SRS

· UE behavior in case of multiple triggers for aperiodic SRS for the same SC-FDMA symbol in the same subframe is not supported
The third bullet concludes the issue of multiple triggering. For each aperiodic SRS triggering, only one activation command can be sent. Otherwise the triggering information should be considered as an erroneous case.
[image: image4.png]~ T~

PDCCH1 PDCCH 2

- Triggering subframe - Timing of aperiodic SRS configuration




Figure 4 Multiple triggering for aperiodic SRS transmission
5 Conclusions
In this contribution, the remaining issues of SRS are discussed. Based on the analysis we have the following proposals:

· Proposal 1: For DCI formats 0, 4 and 1A (in TDD) triggered aperiodic SRS transmissions, hopping and multi-shot SRS are both supported. For multi-shot SRS, the triggered SRS transmissions hop over the whole configured hopping bandwidth exactly once. For each set of configured parameters, one bit is used to configure one shot or multi-shot SRS.

· Proposal 2: For DCI formats 0, 4 and 1A (in TDD) triggered aperiodic SRS transmissions, each configuration has independent setting of transmissionComb, cyclic shift, SrsBandwidth, FrequencyDomainposition, SrsHoppingBandwidth, duration, and number of antenna ports. All the Rel-8 values for each parameter in each set are supported.
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