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1 Introduction
It was agreed at the RAN1#62bis meeting that aperiodic SRS triggering would be supported using both DCI Format 0 and DCI Format 4.  The specific details currently agreed for each case are summarized as follows [1]:
· DCI Format 4

· 2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters

· 1 state indicates no aperiodic SRS activation

· FFS for exact RRC-configured aperiodic SRS parameters

· E.g. cyclic shift, comb, bandwidth, position
· DCI Format 0 

· 1 new bit (RRC-configured) indicates aperiodic SRS activation

· Aperiodic SRS activation is not supported in UE Common Search Space

Discussion on whether to support dynamic configuration using DCI Format 0 in lieu of a PUSCH allocation, along with details for any support of frequency hopping for aperiodic SRS was left open for discussion until RAN1#63.  In this contribution, we provide our views on these and other open issues related to aperiodic SRS.
2 Discussion  
2.1 Narrowband Frequency-Hopping

Narrowband frequency-hopping provides a convenient mechanism for improving the sounding power spectral density of power-limited UEs without sacrificing the ability to perform channel estimation over a wide bandwidth.  It also enables improved resource utilization by not wasting sounding bandwidth on power-limited UEs and through its ability to multiplex aperiodic sounding transmissions with narrowband periodic transmissions.  For these reasons, we believe that narrowband frequency-hopping should be supported for aperiodic SRS.

A simple mechanism for providing this functionality is to reuse the narrowband hopping methodology defined for Rel-8/9 periodic sounding.  The current equations for periodic sounding appear to deterministically identify a specific set of frequency-domain resources in every subframe (i.e., even those which aren’t in the UE-specific set of subframes), with hopping occurring at the start of each new period.  The extension of this methodology to the aperiodic sounding scenario can be straight-forward.  Each of the RRC-configured aperiodic SRS parameter sets can be defined to consist of a similar set of parameters as that used for periodic sounding, and thus, each set of parameters will deterministically identify a specific bandwidth location for every instant in time.  The only difference in the aperiodic sounding scenario is that the SRS subframe configuration index does not indicate which subframes are UE-specific sounding subframes, but rather, it only indicates when the bandwidth location should hop to the next appropriate location.  
Proposal:
· Rel8/9 frequency hopping patterns and parameters apply to aperiodic SRS
· Aperiodic SRS frequency resources are determined by the subframe in which aperiodic SRS is transmitted 
Note that in the Rel-8/9 periodic sounding methodology, 10 bits are used to perform the RRC configuration of parameter srs-ConfigIndex.  Consideration can be given to either reducing this number for the aperiodic configuration given that the longer hopping periods are likely to be of little value, or replacing this parameter with a direct signalling of the value of parameter TSRS-AP.
2.2 RRC Configuration Details
Though the current agreement suggests that either 3 or 7 sets of aperiodic parameters will be configured via RRC signalling, the exact details of the RRC configuration still need to be decided.   A list of potential parameters for each aperiodic set is summarized in Table 1.

Table 1   List of Potential Aperiodic SRS Configuration Parameters
	Parameter
	Bits Required
	Comment

	srs-Bandwidth
	2
	

	srs-HoppingBandwidth
	2
	

	freqDomainPosition
	5
	

	transmissionComb
	1
	

	cyclicShift
	3
	CS for one antenna only

	srs-ConfigIndex
	<5
	fewer bits are required for aperiodic

	duration
	2
	if multi-shot is agreed

	numberAntennas
	2
	

	CS
	2
	used to define the cyclic shift separation between adjacent antennas

	comb
	1
	used to assign different combs to different antennas


At least three options can be envisioned for configuring these parameters using RRC signalling.  They are:

Option 1:  Convey 3 or 7 values for each and every aperiodic parameter.

Option 2:  Convey 3 or 7 values only for the subset of aperiodic parameters that are expected to provide the most multiplexing potential and a single value for each of the remaining aperiodic parameters.  

Option 3:  Convey a single value for each of the aperiodic parameters to configure the initial set, and determine the values for the remaining sets using predefined relationships such has been suggested for the cyclic shift parameter.

In our view, while Option 1 incurs the highest signalling overhead, it is the most preferable since one can easily envision a use case involving the need to separately configure virtually all of the above parameters.  Should the RRC overhead be deemed excessive, then Option 3, which can be implemented using the table-based approach of [5], is the preferred alternative.  
 Proposal:
· All parameters in all 3 or 7 sets of aperiodic parameters are configured using RRC signalling.
For parameters that may be configured with different values for different antennas such as cyclic shift and transmission comb, a predefined relationship could be used. However, it would be more flexible if the relationship among antennas could be configurable. For example, the cyclic shift and the transmission comb for the kth antenna could be derived as follows:
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where CS and comb are RRC signalled for each aperiodic configuration, and k=0,1,2,3.   

2.3 Dynamic Configuration In Lieu of PUSCH Allocation
It was proposed at RAN1#62bis that a codepoint be used in DCI format 0 to indicate that the DCI conveyed dynamic configuration parameters rather than a PUSCH allocation.  The initial use case for such a feature is to provide the eNB with ultimate flexibility in configuring an aperiodic SRS transmission at times in which the 3 or 7 semi-static configurations are unsuitable.  Additional use cases for such a feature would be to improve the ability to schedule aperiodic SRS in TDD implementations when the number of uplink grant opportunities is insufficient.  Should this feature be agreed for aperiodic SRS, we believe that one of the configuration parameters conveyed in the DCI should indicate a configurable duration to support multi-shot sounding.  The field can easily be set to 1 for the single-shot case.   
2.4 Multi-Shot Aperiodic Sounding
Numerous contributions have been presented in past meetings that demonstrate the benefits of multi-shot sounding for power-limited UEs.  The main argument against multi-shot sounding is that it requires the eNB to look at future subframes to determine whether the appropriate resource is vacant before triggering the multi-shot transmission, thus increasing eNB complexity.  However, this is not necessarily the case.  Since aperiodic SRS transmissions are scheduled on a subframe-by-subframe basis, the eNB only has to contend with existing periodic assignments in future subframes.  If narrowband frequency hopping is supported for aperiodic SRS using a similar set of parameters as that used for periodic SRS, then the eNB can easily configure each of the 3 or 7 aperiodic configurations to match an existing periodic hopping pattern, and thus, the eNB will know that if the corresponding periodic resource is vacant for the first transmission, then it is also vacant for the remaining N-1 transmissions.  
Proposal:
· Multi-shot aperiodic sounding of duration N is supported.

· Multi-shot duration N is RRC configured for each of the 3 or 7 aperiodic configurations.
3 Summary 

In this contribution, we have provided our views on many of the remaining issues regarding aperiodic SRS.  Our proposals are summarized as follows:

Proposals:
· Rel8/9 frequency hopping patterns and parameters apply to aperiodic SRS
· Aperiodic SRS frequency resources are determined by the subframe in which aperiodic SRS is transmitted 
· All parameters for all 3 or 7 sets of aperiodic parameters are configured using RRC signalling.

· Multi-shot aperiodic sounding of duration N is supported.
· Multi-shot duration N is RRC configured for each of the 3 or 7 aperiodic configurations.
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