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1 Introduction
Several agreements were reached at the RAN1#63 meeting with respect to support of aperiodic SRS for Rel-10 [1].  The main substance of those agreements can be summarized as follows:

· Aperiodic SRS will be transmitted in UE-specific, aperiodic-SRS subframes.  More specifically, when a UE receives an aperiodic trigger in subframe n, the UE will perform its aperiodic SRS transmission in the first UE-specific, aperiodic-SRS subframe n’ satisfying the relationship n’≥n+4
· 2 bits are always added to DCI format 4 in order to support aperiodic SRS triggering and provide parameter indication
· One state is used to indicate that aperiodic SRS is not triggered

· Three states are used to indicate which of 3 sets of aperiodic SRS parameters should be used by the UE for the SRS transmission
· The 3 sets of aperiodic SRS parameters are configured via RRC signalling
· The following parameters can be configured independently for each of the 3 sets:
· SrsBandwidth

· FrequencyDomainposition

· SrsHoppingBandwidth (if hopping is supported)

· transmissionComb

· cyclic shift

· duration (if multi-shot SRS is supported)

· number of antenna ports
· The following parameter is configured as a common parameter for all 3 sets:

· srsConfigurationIndex
· For format 0 triggered A-SRS transmission, all A-SRS parameters are configured by RRC and no dynamic signalling of A-SRS parameters
It was left FFS whether the number of CCs and indices of CCs will be indicated by DCI format 4, and the matter of whether to support frequency-hopping for SRS in Rel-10 was left for further discussion until RAN1#63bis.  Also, there was some discussion with respect to whether the number of independently-configurable parameters might be reduced from the current set.  This contribution provides our views on these topics, along with a number of outstanding issues that weren’t discussed at RAN1#63.
2 Discussion  
2.1 Indication of the Number of CCs and CC Indices by DCI Format 4
There seems to be two options regarding the number of CCs to be triggered for SRS transmission, i.e.

· Option #1:  One  CC, consisting of the CC on which the PUSCH is scheduled by the same DCI

· Option #2:  More than one active CC, with the selected CCs semi-statically configured by RRC

Option #1 is effectively a special case of option #2.  Supporting aperiodic SRS transmissions over multiple CCs with a single trigger could reduce PDCCH signaling overhead significantly. To support option #2, the SRS resources indicated by the same RRC state need to be available in the next UE specific A-SRS subframe across the CCs.   When different periodicities are configured on the CCs for the UE specific aperiodic SRS subframes, multiple triggers (potentially with different resource configurations) could be received on a CC with a longer aperiodic SRS subframe period.  There is a potential for confusion between the UE and the eNB in this case. However, when the CCs have the same or similar cell specific and UE specific SRS configurations, it is possible to trigger SRS on multiple CCs.  Thus it seems to make sense to support both options #1 and #2, and leave it to eNB to configure the number of CCs to be triggered. 

Proposal:  Triggering SRS over multiple CCs should be considered.  The number of CCs and the CC indices are configurable by RRC.

2.2 Cyclic Shift and Transmission Comb for Multiple Antenna Ports

For UEs configured with multiple antenna ports for SRS transmission, the SRS signals on different antenna ports need to be orthogonal.  This can be achieved by configuring different antennas with different cyclic shifts or transmission comb values. In the current agreed parameter set for aperiodic SRS, only the cyclic shift or transmission comb for the first antenna port is included.  Although a predefined relationship between the cycle shift or transmission comb value of the first antenna port and that of the remaining antenna ports could be used, it would be more flexible if the relationship among antennas could be configurable through RRC. For example, the cyclic shift and the transmission comb for the kth (k=0,1,2,3) antenna port could be derived as follows:
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where CS0 and comb0  are the cyclic shift and transmission comb for the first antenna port; comb is the comb separation between two adjacent antenna ports andCS is the cyclic shift separation between two adjacent antenna ports when the same comb value is configured (i.e. comb=0) for all the antenna ports.  Both CS and comb are UE specific parameters signalled by RRC.   
Proposal:  
· The cyclic shift and transmission comb in each set of RRC configured aperiodic SRS parameters are for the first SRS antenna port.  
· Parameters dictating the separation of cyclic shift and transmission comb between two adjacent antenna ports is signalled by RRC for each UE

· The cyclic shift and transmission comb for the remaining SRS antenna ports are derived according to predefined relationships
2.3 Collisions Between Periodic and Aperiodic SRS Transmissions
Under the current agreements for aperiodic SRS, the eNB has the ability to designate the UE-specific aperiodic SRS subframes independently from those of the UE-specific periodic SRS subframes.   While this theoretically gives the eNB some ability to avoid scenarios where a UE receives a trigger to transmit an aperiodic SRS in the same subframe as that where a periodic SRS transmission is to occur, the sole reliance on eNB configuration of orthogonal subframe sets would place unnecessary restrictions on the eNB configuration options.  A more-attractive solution would be to provide the eNB with the flexibility to assign overlapping or partially-overlapping UE-specific aperiodic and periodic subframe sets and designate a rule on how to handle potential collisions.  A few options for this rule are as follows:
· Option 1:  P-SRS is always dropped in subframes that are configured as UE-specific aperiodic subframes

· Option 2:  A-SRS is always dropped in subframes that are configured as UE-specific periodic subframes

· Option 3:  P-SRS is dropped in subframes for which an A-SRS is triggered.

In cases where the two sets of UE-specific subframes are largely overlapping, option 1 or option 2 would result in significant disabling of either the P-SRS mechanism or the A-SRS mechanism.  Option 3, however, would only result in the dropping of P-SRS transmissions when the UE receives a command from the eNB to transmit an A-SRS transmission.  Given that the eNB has the ability to dynamically control when these triggers are sent and can choose to do send triggers only when the A-SRS transmission is desired in place of the P-SRS transmission, option 3 is the logical choice.  
Proposal:  In those subframes where a UE is configured to perform a periodic SRS transmission and also receives a trigger to transmit an aperiodic SRS transmission, the UE drops the periodic SRS transmission and transmits only the aperiodic SRS transmission.  
2.4 Reduced Set of Independently-Configurable Parameters
At RAN1#63, there was some discussion that the number of independently-configurable parameters associated with DCI format 4 seemed excessive given that the eNB must ultimately settle on only 3 different parameter combinations when performing the RRC configuration.  Consequently, there seemed to be some interest in reducing the number of parameters that could be independently configured.  While it is true that the eNB must ultimately select only 3 of the available parameter combinations when performing a particular UE’s aperiodic SRS configuration, the large pool of combinations that the current agreement provides allows the eNB the flexibility to address a wide range of particular use cases going forward.  For example, when the UE is configured to perform wideband sounding, the best use of the degrees of freedom is to be able to select between multiple cyclic shifts to reduce blocking.  However, for the case of 4 antenna ports, only two cyclic shifts are necessary to span the available cyclic shift space, and in this case, it may be desirable to use the last configuration set to select from the opposite comb in case wideband sounding can be triggered there as well (e.g. in a strictly aperiodic-sounding subframe).  If the UE is configured to perform less-than-wideband sounding, then the ability to select alternative cyclic shifts may have no value, such as when the configured bandwidth location conflicts with a different sounding bandwidth of existing periodic sounding UEs.  In this case, a better use of the degrees of freedom may be to translate the sounding location to a bandwidth location that aligns with the same-bandwidth transmissions of the periodic UEs.

It is our view that the best compromise between a reduced pool of configuration possibilities and the flexibility afforded by full independent configuration is obtained by using RRC signalling to convey only the first set of configuration parameters and using predefined offsets to obtain the remaining configuration sets.  A proposed table of offsets is illustrated in Table 1.

Table 1   Predefined Offset Table for Aperiodic Configuration Sets 2&3
	
	If BSRS equals 0
	If BSRS equals 1
	If BSRS equals 2
	If BSRS equals 3
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	Config 2
	CS=4
	nRRC0=1
	nRRC0=1
	nRRC0=1

	
	
	Config 3
	CS=2
	nRRC0=2
	nRRC0=2
	nRRC0=2
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	Config 1
	  
	  
	 
	 

	
	
	Config 2
	CS=2
	nRRC0=1
	nRRC0=1
	nRRC0=1

	
	
	Config 3
	CS=1
	nRRC0=2
	nRRC0=2
	nRRC0=2

	
	4 antenna ports
	Config 1
	 
	 
	 
	 

	
	
	Config 2
	CS=1
	nRRC0=1
	nRRC0=1
	nRRC0=1

	
	
	Config 3
	comb=1
	nRRC0=2
	nRRC0=2
	nRRC0=2

	if 
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	1 antenna port
	Config 1
	 
	 
	 
	 

	
	
	Config 2
	CS=4
	CS=4
	nRRC0=1
	nRRC0=1

	
	
	Config 3
	CS=2
	nRRC0=1
	nRRC1=1
	nRRC1=1

	
	2 antenna ports
	Config 1
	 
	 
	 
	 

	
	
	Config 2
	CS=2
	CS=2
	nRRC0=1
	nRRC0=1

	
	
	Config 3
	CS=1
	nRRC0=1
	nRRC1=1
	nRRC1=1

	
	4 antenna ports
	Config 1
	 
	 
	 
	 

	
	
	Config 2
	CS=1
	CS=1
	nRRC0=1
	nRRC0=1

	
	
	Config 3
	comb=1
	nRRC0=1
	nRRC1=1
	nRRC1=1

	Notes:  All parameters of all configuration sets use the RRC-configured parameters, except for the modifications  indicated above, which are performed using the following equations:
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Proposal:  Should RAN1 decide that additional simplification of the RRC configuration process is desirable, use explicit configuration for only the first set of parameters, with the configuration of the remaining parameter sets based on the use of a table. 
2.5 More-Efficient Interpretation of srsConfigurationIndex Field
In the Rel-8 periodic SRS methodology, srsConfigurationIndex is a 10-bit field that allows the UE to be configured for periodic sounding using one of the periods from the set {2,5,10,20,40,80,160,320} ms, along with an appropriate subframe offset.  Under the current agreements, the aperiodic version of SRS will employ a similar mechanism in order to designate which subframes are UE-specific aperiodic sounding subframes.  The question that naturally arises is, given that the longer periods defined for periodic SRS are of little or no use for aperiodic SRS, should the field be defined exactly the same for aperiodic SRS as it is for periodic SRS or is a modification in order.  While one could simply leave the field length unchanged with only a minor impact to RRC signalling overhead, the following two potential modifications can be envisioned: 
· Alternative 1:  Reduce the number of bits in the aperiodic version of the field to support only the shorter periods (e.g., 2, 5, 10 ms).
· Alternative 2:  Maintain the field size at 10 bits, but change the interpretation of the field to a bitmap which indicates which of the cell-specific SRS subframes within a radio frame are also UE-specific A-SRS subframes.
The sole benefit of alternative 1 is simply a very slight reduction in RRC signalling overhead.   However, alternative 2 provides increased eNB flexibility and an opportunity for potential system performance improvement since it provides the eNB with the means to tailor the period of the UE-specific A-SRS subframes to a wide range of possibilities.  As an example, consider the case when the cell-specific subframe configuration is set to srs-SubframeConfig=0, which defines every subframe as a cell-specific subframe.  With alternative 1, the eNB is limited to configuring a UE to A-SRS opportunities with periods of 2, 5, and 10 ms, but alternative 2 enables the eNB to configure the UE not only with these periods, but also enables  other subframe configurations within a radio frame  such as subframes 0,3,6 or  subframes 0,4,8.  Since the improvement gained from alternative 1 is limited to a slight reduction in RRC signalling overhead, which is only a minor benefit, our preference is alternative 2.

Proposal:  The field srsConfigurationIndex should be maintained at 10 bits for A-SRS, but should be treated as a bitmap identifying the UE-specific A-SRS subframes rather than the Rel-8/9 periodic SRS interpretation
2.6 Support for 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.    

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 
2.7 Support for Multi-shot
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 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.

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:
· Triggering SRS over multiple CCs should be considered.  The number of CCs and the CC\ indices are configurable by RRC. 
· The cyclic shift and transmission comb in each set of RRC configured aperiodic SRS parameters are for the first SRS antenna port.  

· Parameters dictating the separation of cyclic shift and transmission comb between two adjacent antenna ports is signalled by RRC for each UE

· The cyclic shift and transmission comb for the remaining SRS antenna ports are derived according to predefined relationships
· In those subframes where a UE is configured to perform a periodic SRS transmission and also receives a trigger to transmit an aperiodic SRS transmission, the UE drops the periodic SRS transmission and transmits only the aperiodic SRS transmission.  

· Should RAN1 decide that additional simplification of the RRC configuration process is desirable, use explicit configuration for only the first set of parameters, with the configuration of the remaining parameter sets based on the use of a table. 
· The field srsConfigurationIndex should be maintained at 10 bits for A-SRS, but should be treated as a bitmap identifying the UE-specific A-SRS subframes rather than the Rel-8/9 periodic SRS interpretation

· 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 
· Multi-shot aperiodic sounding of duration N is supported.
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