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1 Introduction

In RAN1#60bis, it was agreed that in case of aperiodic sounding, triggering is at least by PDCCH UL grant. In RAN1#61,  it was further agreed that one-shot SRS transmission is supported and when DCI format 0 is used for SRS triggering, the size of DCI format 0 remains the same as defined in Rel-8 at least in the common search space. In RAN1#62, the following additional agreements were reached [1]:

· Rel-8 (time/frequency/code) SRS resources are reused for aperiodic sounding
· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 

· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding

· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n  
There was also discussion on the remaining issues for one-shot aperiodic SRS using UL grant, but no agreements were reached.  In this contribution, we provide our views on each of those issues, along with our views on other enhancements such as configurable durations and DL triggering that were discussed at the meeting.
2 Discussion
2.1 Support of multi-antenna port SRS

The main purpose of transmitting SRS over multiple antennas is to estimate the UL MIMO channel. As such, it makes sense to apply the same frequency bandwidth and bandwidth location to all antennas so that the MIMO channel information can be estimated for each frequency of interest.  Considering the time-varying nature of the wireless channel, it is also desirable to have SRS transmissions from all sounding antennas occupy the same symbol.  
As to the exact nature of the antenna multiplexing, there was some discussion at the RAN1#62 meeting that it should be possible to multiplex different antennas using the comb dimension.  While it may be possible to configure the SRS of different antennas on different transmission combs, the rationale for adding this capability is unclear.  When both wideband and narrow band SRS are supported in the same sounding subframe, it is likely that one comb is used for wideband sounding transmission and the other is used for narrow-band sounding transmission in order to avoid interference between wideband and narrow-band sounding transmissions.  In this scenario, the SRS of different antennas should not be configured on different combs.  If a sounding subframe is used to support only wideband or only narrow-band sounding, then sounding signals from different antennas could be assigned to different combs, but the benefit of doing so is unclear.  The signalling overhead would, at best, appear to be identical in the two cases, with the number of comb possibilities that must be signalled being halved and the number of cyclic shift possibilities that must be signalled being doubled.  Because of the lack of apparent benefit in introducing this capability, it is our view that using only cyclic shifts (CS) is preferable for SRS multiplexing of different antennas.  
 Proposals: 
· A single aperiodic SRS transmission sounds all configured transmit antenna ports within one SC-OFDM symbol of the same subframe
· Aperiodic SRS transmissions of multiple antennas are multiplexed on the same comb, with separation by cyclic shift only. 
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports.
2.2 Detailed signalling for aperiodic SRS for the single CC case
At the RAN1#62 meeting, it was agreed that UE-specific SRS parameters could be different between periodic and aperiodic sounding. Thus, separate UE-specific aperiodic SRS parameters need to be defined and a method agreed for configuring each of them.  
Regarding the exact set of parameters that should be defined for aperiodic sounding, we believe that while some of the parameters (e.g., cyclic shift, SRS bandwidth, etc.) may currently be envisioned as having more use cases where it would be useful for them to be configured differently from their periodic counterpart, for the sake of eNB flexibility and simplicity, the aperiodic parameter set should have all of the same parameters that are currently defined for periodic sounding.  These parameters could then serve as the default set of aperiodic parameters, with dynamic indications on the PDCCH temporarily overriding one or more of the default values for specific transmissions.  For aperiodic SRS, the field “cyclicShift-aper” would indicate the cyclic shift used for the first antenna port only, and the remaining antenna ports can be derived from a simple predefined relationship, such as:
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where CSk is the cyclic shift assigned to the kth antenna, and CSoffset controls the CS spacing between the multiple antennas.  Note that the sizes of some fields such as “duration-aper” and “srs-ConfigIndex-aper” may be changed as appropriate for aperiodic SRS. 
Proposals: 
· A single set of UE-specific configuration parameters are defined for aperiodic SRS, which contains all of the UE-specific parameters currently defined for periodic SRS.  The UE-specific aperiodic parameters are configured using higher layer signalling, similar to the periodic parameters. 
· The UE-specific aperiodic parameters function as a default set of parameters for performing aperiodic sounding, but dynamic indications on the PDCCH can be used to temporarily “override” one or more of the parameters for all SRS transmissions resulting from the triggering indication.
· The UE-specific aperiodic parameters indicate the cyclic shift used for the first antenna only, with the cyclic shifts used for any additional antennas derived from a simple mathematical relationship.
Regarding the number of states needed in the PDCCH in order to support aperiodic SRS, the most important “state” is the one which indicates that an aperiodic SRS has been triggered.  After that, any additional states that are defined have the sole purpose of enhancing SRS multiplexing capability, and consequently, reducing the probability of SRS blocking.  One option regarding these states is to define a simple, static relationship such as eight states to indicate the first cyclic shift or eight states to indicate a combination of four cyclic shifts and two combs.  While both of these are the proper choice in certain scenarios, both are also suboptimal in other scenarios.  If all eight states were used to only indicate the cyclic shift, then the wideband multiplexing capability could be cut essentially in half in sounding subframes that were purely aperiodic in nature (i.e., contain no periodic SRS assignments).  Similarly, if all eight states were used to indicate a choice of cyclic shift and comb, then half of the states may be of no value in sounding subframes that contain periodic SRS transmissions, while simultaneously, UEs assigned an aperiodic sounding bandwidth of less than wideband may experience a high blocking probability due to hopping pattern mismatches, as described in [5].

We believe that the most efficient use of any additional states in the triggering DCI is obtained by linking their interpretation to other semi-statically configured aperiodic parameters, such as the example shown in Table 1 for the multiple antenna port case.  The semi-statically configured parameters then become a default set of values, and the additional states in the DCI simply indicate a desired set of overrides to these default values. Note that Table 1 is nested, so that if different numbers of states are defined for different DCI formats, then the appropriate subset of the table is still valid.  In the event that the DCI just contains the trigger indication, then the aperiodic resources would be indicated by the semi-static configuration. An example table for the single antenna port case is supplied in the appendix.  
      Table 1   Dynamic Override Table for Aperiodic Sounding on Multiple Antenna Ports
	Inputs
	Override Values
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	DCI
	If BSRS equals 0
	If BSRS equals 1
	If BSRS equals 2
	If BSRS equals 3

	
	
	CS
	comb
	CS
	nRRC*
	CS
	nRRC*
	CS
	nRRC*

	≠3
	000
	0
	0
	0
	
	0
	
	0
	

	≠3
	001
	1
	0
	0
	1,0
	0
	0,1
	0
	0,1

	≠3
	010
	2
	0
	1
	
	0
	1,0
	0
	1,0

	≠3
	011
	3
	0
	1
	1,0
	0
	1,1
	0
	1,1

	≠3
	100
	0
	1
	2
	
	1
	
	1
	

	≠3
	101
	1
	1
	2
	1,0
	1
	0,1
	1
	0,1

	≠3
	110
	2
	1
	3
	
	1
	1,0
	1
	1,0

	≠3
	111
	3
	1
	3
	1,0
	1
	1,1
	1
	1,1

	3
	000
	0
	0
	0
	
	0
	
	0
	

	3
	001
	1
	0
	0
	1,0
	0
	1,0
	0
	1,0

	3
	010
	2
	0
	0
	2,0
	0
	2,0
	0
	2,0

	3
	011
	3
	0
	1
	
	1
	
	1
	

	3
	100
	0
	1
	1
	1,0
	1
	1,0
	1
	1,0

	3
	101
	1
	1
	1
	2,0
	1
	2,0
	1
	2,0

	3
	110
	2
	1
	2
	
	2
	 
	2
	 

	3
	111
	3
	1
	3
	
	3
	
	3
	

	Notes:  1)  If a cell contains no entry, use the semi-statically configured value
             2)  
[image: image3.wmf])

8

mod(

)

(

0

0

CS

CS

CS

conf

aper

D

+

=


             3)  
[image: image4.wmf])

2

mod(

)

(

comb

comb

comb

conf

aper

D

+

=


nRRC* =   nRRC0 , nRRC1
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 if bhop equals 0


Note that if the UE is aware of which subframes are used exclusively for aperiodic sounding, as described in [5], then the benefit from being able to dynamically indicate the bandwidth location is lessened for narrowband transmissions performed in purely aperiodic subframes. In this case, Table 1 could be further optimized to incorporate this information into the mapping and an alternative set of overrides may be defined. 

With respect to the issue of how the configuration of parameters should be partitioned between RRC and PDCCH, as discussed earlier, RRC signalling is used to configure a UE with a complete set of default aperiodic parameters, while PDCCH is used to indicate a set of temporary “override” values in order to reduce the aperiodic blocking probability, reduce the number of required sounding resources, and improve performance.

Proposals: 
· A single bit or codepoint is defined in the UL grant in order to indicate that aperiodic sounding is triggered.
· Eight additional codepoints are defined in the UL grant in order to indicate overrides to the default values so as to reduce the probability of blocking.  The eight additional codepoints map to an override table that is a function of the number of sounding antennas, aperiodic sounding bandwidth, and cell-specific bandwidth configuration. 
2.3 Support of Multi-shot SRS

It has been observed by a number of companies in previous contributions that without additional PDCCH overhead, up to 20-30% performance gain can be achieved for power limited UEs [3]

 REF _Ref273113459 \n \h 
[4]. On the other hand, PDCCH overhead can be significant if multi-shot SRS is not supported. Thus, multi-shot SRS can provide both significant performance gain and PDCCH signaling overhead reduction, and based on such considerations, it is in our opinion that it would be beneficial to support multi-shot SRS in Rel-10.  As the number of SRS transmissions could be configured, one-shot SRS could be viewed as a special case of multi-shot. If needed, this feature can be enabled or disabled through either RRC or PDCCH, leaving one-shot SRS as the default aperiodic SRS configuration. 

Proposal:

· Multi-shot SRS should be supported in Rel-10 with a single trigger
2.4 Triggering by DL grant

It was discussed at the RAN1#62 meeting that if a UE does not have PUSCH data to send, but receives a DL allocation, the DL allocation could be used for triggering aperiodic SRS transmissions.  Conceptually, it is clear that this would likely increase the number of triggering opportunities.  What is less clear is the reliability of those opportunities occurring when they are needed, along with the advantage/disadvantages of this feature compared to alternative solutions such as empty uplink grants.  Given the additional standardization effort and possible overhead implications, we view this issue as requiring further study before it can be supported.
Proposal:

· Triggering with DL grant is FFS.
3 Summary and Conclusions

In this contribution, we have provided our views on many of the remaining issues regarding aperiodic SRS.  Our proposals are summarized as follows:
Proposals:
· A single aperiodic SRS transmission sounds all configured transmit antenna ports within one SC-OFDM symbol of the same subframe
· Aperiodic SRS transmissions of multiple antennas are multiplexed on the same comb, with separation by cyclic shift only. 
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports.
· A single set of UE-specific configuration parameters are defined for aperiodic SRS, which contains all of the UE-specific parameters currently defined for periodic SRS.  The UE-specific aperiodic parameters are configured using higher layer signalling, similar to the periodic parameters. 
· The UE-specific aperiodic parameters function as a default set of parameters for performing aperiodic sounding, but dynamic indications on the PDCCH can be used to temporarily “override” one or more of the parameters for all SRS transmissions resulting from the triggering indication.
· The UE-specific aperiodic parameters indicate the cyclic shift used for the first antenna only, with the cyclic shifts used for any additional antennas derived from a simple mathematical relationship.
· A single bit or codepoint is defined in the UL grant in order to indicate that aperiodic sounding is triggered.
· Eight additional codepoints are defined in the UL grant in order to indicate overrides to the default values so as to reduce the probability of blocking.  The eight additional codepoints map to an override table that is a function of the number of sounding antennas, aperiodic sounding bandwidth, and cell-specific bandwidth configuration. 
· Multi-shot SRS should be supported in Rel-10 with a single trigger
· Triggering with DL grant is FFS 
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5 Appendix
Table 2   Dynamic Override Table for Aperiodic Sounding on Single Antenna Port

	Inputs
	Override Values
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	DCI
	If BSRS equals 0
	If BSRS equals 1
	If BSRS equals 2
	If BSRS equals 3

	
	
	CS
	comb
	CS
	nRRC*
	CS
	nRRC*
	CS
	nRRC*

	≠3
	000
	0
	0
	0
	
	0
	
	0
	

	≠3
	001
	1
	0
	0
	1,0
	0
	0,1
	0
	0,1

	≠3
	010
	2
	0
	1
	
	0
	1,0
	0
	1,0

	≠3
	011
	3
	0
	1
	1,0
	0
	1,1
	0
	1,1

	≠3
	100
	4
	1
	2
	
	1
	
	1
	

	≠3
	101
	5
	1
	2
	1,0
	1
	0,1
	1
	0,1

	≠3
	110
	6
	1
	3
	
	1
	1,0
	1
	1,0

	≠3
	111
	7
	1
	3
	1,0
	1
	1,1
	1
	1,1

	3
	000
	0
	0
	0
	
	0
	
	0
	

	3
	001
	1
	0
	0
	1,0
	0
	1,0
	0
	1,0

	3
	010
	2
	0
	0
	2,0
	0
	2,0
	0
	2,0

	3
	011
	3
	0
	1
	
	1
	
	1
	

	3
	100
	4
	1
	1
	1,0
	1
	1,0
	1
	1,0

	3
	101
	5
	1
	1
	2,0
	1
	2,0
	1
	2,0

	3
	110
	6
	1
	2
	
	2
	 
	2
	

	3
	111
	7
	1
	3
	
	3
	
	3
	

	Notes:  1)  If a cell contains no entry, use the semi-statically configured value
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