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1. Introduction

In RAN1#63, the following agreements on aperiodic SRS were achieved,

· For transmission timing, 

· 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) 
· As in Rel-8, UE-specific A-SRS subframe is determined by periodicity and offset

· UE-specific A-SRS subframes is a subset of cell-specific subframes 

· The values for periodicity and offset are defined as in Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213.

· FFS whether all or a subset of the table is used
· For DCI Format 4

· 2 bits are added for SRS triggering and parameter

· 1 state indicates no aperiodic SRS activation

· The other 3 states are used to indicate 3 sets of RRC-configured aperiodic SRS transmission parameters

· Each of the 3 sets can indicate a combination of the following SRS parameters (the other SRS parameters are directly configured by RRC

· srsBandwidth, 

· frequencyDomainPosition, 

· srsHoppoingBandwidth (if hopping is supported), 

· transmissionComb, 

· cyclic shift, 

· duration (if multi-shot SRS is supported), 

· number of antenna ports

· The following SRS parameters are signalled directly by RRC and are common for all sets:

· srsConfiguraitonIndex

· FFS if number of CCs and indices of CCs are indicated by DCI format 4.

· A-SRS trigger of 2 bits is always present in DCI format 4

· For DCI Format 0

· All A-SRS parameters are configured by RRC, and no dynamic signalling of A-SRS parameters 

In RAN1#63bis and the following offline discussions, the exact configuration of aperiodic SRS especially for multi-antenna ports has achieved a compromise.

However, some issues on aperiodic SRS are still open and need to be finalized as soon as possible, namely:
· Exact triggering for aperiodic SRS 

· with multiple antenna ports

· with multiple UL CCs

· Support of frequency hopping and multi-shot duration 

In this contribution, we discuss these remaining issues on aperiodic SRS and present our views accordingly.
2. UE-Specific Parameters of Periodic SRS in Rel-8
It was agreed in RAN1#62 that cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding.  UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding.  The UE-specific parameters for periodic SRS in Rel-8 are shown in Table 1.
Table 1  UE-Specific Parameters of Periodic SRS in Rel-8 [1]
	SRS Parameters
	Number of bits
	Significance

	srsBandwidth
	2
	SRS transmission bandwidth for a UE

	frequencyDomainPosition
	5
	Frequency-domain position

	srsHoppingBandwidth
	2
	Frequency hop size

	duration
	1
	Single SRS or periodic

	srsConfigurationIndex
	10
	Periodicity and subframe offset

	transmissionComb
	1
	Transmission comb offset
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	3
	Cyclic shift


3. Configuration of Aperiodic SRS Triggering with DCI Format 4
Due to only 2 bits being added for aperiodic SRS triggering in DCI Format 4, we discuss the essential parameters which need to be configured dynamically by the UL grant in order to provide flexibility of SRS configuration to some extent and avoid SRS resource collision.  Other parameters could be left for RRC configuration individually per component carrier (CC) or commonly for all CCs. 
Aperiodic SRS triggering with multiple antenna ports

Both the cyclic shift (CS) and transmission comb are essential parameters, which help to avoid collision among different UEs.

It was agreed in RAN1#63bis and the following offline discussions that the comb values for multi-antenna ports are configured by RRC signalling implicitly and the CS for each antenna port is implicitly assigned by the following formula

· Applicable for both periodic and aperiodic cases

·  
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· where Np is the number of antenna ports, 
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is a cyclic shift value
· For aperiodic case, signalled as a part of the RRC-configured set that is indicated by DCI format  4 for aperiodic case,
·  By RRC configuration,  for periodic case and for aperiodic case signalled with DCI format 0  
Thus the CS value for antenna port 0, 
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, could be partially configured in DCI Format 4 by joint coding with the abovementioned CA parameters.
It was also agreed in RAN1#62bis that

· The number of SRS transmission ports is configured as 

· 0,1,2 or 4 if in PUSCH mode 1

· 0,1,2 if in PUSCH mode 2 with two antenna ports configured (this means a 4Tx capable UE can behave as a 2Tx capable UE)

· 0,1,4 if in PUSCH mode 2 with four antenna ports configured
To support dynamic configuration of the number of SRS transmission ports in PUSCH mode 2, we suggest specifying the following two states in aperiodic SRS request field of DCI format 4,

· One state indicates triggering an aperiodic SRS transmission from only one antenna port;

· One state indicates triggering an aperiodic SRS transmission from all or half antenna ports (i.e., 2 or 4).
Aperiodic SRS triggering with CA

As discussed in [2], triggering aperiodic SRS transmission on multiple UL CCs by multiple UL grants may significantly increase the UL grant overhead if there are not corresponding PUSCH data transmissions on those UL CCs. On the other hand, SRS transmission delay may be significantly increased if multiple UL grants for aperiodic SRS requests for different UL CCs have to be sent in consecutive subframes.  However, triggering aperiodic SRS transmission on all configured UL CCs every time SRS is needed on one CC incurs some additional SRS transmission overhead if not all UL CCs need aperiodic SRS transmission.
Taking UL grant payload and SRS transmission overhead into account, we suggest at least two states are configured dynamically in case of CA by DCI format 4, 

· One state indicates triggering an aperiodic SRS transmission on the UL CC for which the UL grant is provided;
· One state indicates triggering aperiodic SRS transmission for all or a subset of configured UL CCs given by RRC signalling.
This approach would be similar to that already agreed for triggering of aperiodic CSI in [8].
Other UE-specific SRS Parameters
For other UE-specific parameters for aperiodic SRS, we share the same view as [5]

 REF _Ref276997708 \r \h 
[6] that SRS bandwidth, frequency-domain position, hopping bandwidth and SRS configuration index for periodicity and subframe offset should be configured by higher-layer RRC signalling due to the limited number of bits in DCI format 4.  
3.1. 2 new bits for aperiodic SRS triggering
In the following, we discuss the possible configurations of aperiodic SRS triggering with 2 new bits in the UL grant.  According to the latest agreements, only three states could be configured, in addition to the “no SRS triggering” state (namely, State 0).  Although we could provide some particular combinations of CS, number of antenna ports and CA parameters by utilizing joint coding, the configuration flexibility of each parameter is constrained.  
Thus we propose to categorize the set of RRC messages into a semi-static part and a dynamic part as illustrated in Table 2.  The semi-static part of the parameters could be reconfigured by RRC signalling and the dynamic part including some essential parameters could be configured dynamically via the indication of DCI format 4.  In the dynamic part, the essential parameters could be divided into several sets, where each set includes only limited parameters and the different sets could be changed via RRC reconfiguration adapting to various scenarios.
Table 2  Illustration of Two Parts of RRC messages
	Semi-static Part
	Dynamic Part

	
	SET-I
	SET-II
	SET-III
	SET-IV

	· srsBandwidth,

· frequencyDomainPosition,

· srsHoppoingBandwidth, (if hopping is supported)
· duration (if multi-shot SRS is supported), 
· srsConfigurationIndex,
· transmissionComb 
	· cyclic shift
	· cyclic shift
· number of antenna ports
	· cyclic shift
· carrier aggregation
	· number of antenna ports
· carrier aggregation


For example,

In case of RRC configuration with semi-static part and dynamic part of SET-I:
· State 1: triggering aperiodic SRS with RRC-configured CS Indicator (CSI);

· State 2: triggering aperiodic SRS with RRC-configured CSI + CSoffset1;

· State 3: triggering aperiodic SRS with RRC-configured CSI + CSoffset2;

Note that whether aperiodic SRS is transmitted from only one, all or half antenna port(s) and on one, all or a subset of UL CCs are signalled by RRC and common for all states.
In case of RRC configuration with semi-static part and dynamic part of SET-II:

· State 1: triggering aperiodic SRS with RRC-configured CSI from only one antenna port;

· State 2: triggering aperiodic SRS with RRC-configured CSI + CSoffset from only one antenna port;
· State 3: triggering aperiodic SRS with RRC-configured CSI from all or half antenna ports
· The RRC-configured CSI corresponds to antenna port 0 and the CSIs for the other antenna ports are implicitly derived according to the number of activated antenna ports for aperiodic SRS (i.e., 2 or 4)
Note that whether aperiodic SRS is transmitted on one, all or a subset of UL CCs are signalled by RRC and common for all states.  The CSI and CSoffset could be RRC-configured per CC to achieve more flexibility or common for all or a subset of CCs to save the RRC signalling overhead.
In case of RRC configuration with semi-static part and dynamic part of SET-III:

· State 1: triggering aperiodic SRS with RRC-configured CSI on one UL CC;
· State 2: triggering aperiodic SRS with RRC-configured CSI + CSoffset on one UL CC;
· For 4 antenna ports, CSoffset = 1 under the assumption that 4 out of 8 CSs of SRS with 2 separations are already configured for 4 antenna ports by RRC signalling;
·  For 2 antenna ports, CSoffset = 2 to achieve the maximum separation under the assumption that 2 out of 8 CSs with 4 separations are configured for 2 antenna ports by RRC signalling.
· State 3: triggering aperiodic SRS with RRC-configured CSI on all or a subset of configured UL CCs. 
Note that whether aperiodic SRS is transmitted from only one, all or half antenna ports are signalled by RRC per CC and CSoffset could also be RRC-configured per CC to achieve more flexibility or implicitly indicated by unused code-points.
In case of RRC configuration with semi-static part and dynamic part of SET-IV:

· State 1: triggering aperiodic SRS with RRC-configured CSI from only one antenna port on one UL CC;

· State 2: triggering aperiodic SRS with RRC-configured CSI from all or half antenna ports on one UL CCs;

· State 3: triggering aperiodic SRS with RRC-configured CSI from one antenna port on all or a subset of UL CCs;

· Or state 3’: triggering aperiodic SRS with RRC-configured CSI from all or half antenna ports on all or a subset of UL CCs

Note that the CSI corresponds to antenna port 0 and could be configured individually per CC or commonly for all CCs.

4. Configuration of Aperiodic SRS Triggering with DCI Format 0
It was agreed that only new 1 bit is used to indicate aperiodic SRS activation in DCI format 0 and all aperiodic SRS parameters are configured by RRC without dynamic signalling.  However, as discussed in Section 3, one aperiodic SRS triggering for multiple UL CCs is necessary to limit DL control signalling overhead and additional SRS transmission payload.  The activated UL CCs for aperiodic SRS by one DCI format 0 could be RRC-configured or predefined according to the following rule as an example,

· If CIF is not configured, DCI Format 0 could indicate triggering aperiodic SRS on multiple UL CCs, where the exact UL CCs could be configured by RRC signalling.
· If CIF is configured, DCI Format 0 could indicate triggering aperiodic SRS on its corresponding UL CC only.

5. Frequency Hopping and Multi-Shot Duration

Multiple narrow-band SRS transmissions may hop in the frequency domain to enable wideband SRS transmission, which could enhance the efficiency of frequency resource utilization and improve the sounding power spectral efficiency of each narrow-band SRS; this can be very beneficial for power-limited UEs.  Therefore, narrow-band frequency hopping should be supported for aperiodic SRS.  The hopping pattern could be configured by RRC signalling as for periodic SRS in LTE Rel-8, which indicates different SRS transmission bands during multiple subframes.  It is natural that frequency hopping is performed in conjunction with multi-shot operation.  We therefore propose that frequency hopping and multi-shot duration operation are supported together for aperiodic SRS.

6. Conclusions

In this contribution, we propose a mechanism for configuring dynamically some essential parameters for aperiodic SRS triggering using the 2 new bits in DCI format 4.  
As discussed above, we propose to 
· Categorize the set of aperiodic SRS parameters into two parts to achieve sufficient flexibility
· The semi-static part of parameters is configured by RRC;

· The dynamic part is composed of essential parameters configured dynamically via DCI format 4.

· The dynamic part can signal different limited sets of essential parameters.
· Frequency hopping and multi-shot duration operation for aperiodic SRS are supported together.
References

[1] S. Sesia, I. Toufik and M. Baker, LTE – The UMTS Long Term Evolution: From Theory to Practice, John Wiley and Sons, 2009.

[2] R1-104404, “Triggering of Dynamic Aperiodic SRS with Carrier Aggregation”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[3] R1-105543, “Details of dynamic aperiodic SRS”, NSN, Nokia
[4] R1-105583, “Aperiodic SRS triggering in CA scenario”, Qualcomm 
[5] R1-105291, “Resource Allocation and Signaling for Aperiodic Sounding”, TI
[6] R1-105333, “Details of dynamic aperiodic SRS”, Ericsson, ST-Ericsson
[7] R1-105144, “Remaining issues for aperiodic sounding”, Huawei, HiSilicon
[8] R1-106540, “Way Forward on aperiodic CSI triggering”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Ericsson, Nokia, Nokia Siemens Networks, Panasonic, Qualcomm, Samsung, Sharp, ST-Ericsson, Texas Instruments.



































































































2

Page 1 of 7

_1356963585.unknown

_1356963676.unknown

_1350419129.unknown

