3GPP TSG RAN WG1 Meeting #63

R1-105995
Jacksonville, USA, 15th – 19th November, 2010
Title: 
Configuration for Dynamic Aperiodic SRS Triggering
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

Agenda Item:
6.5.2
Document for: 
Discussion/Decision
1. Introduction

In RAN1#62bis, both DCI Format 4 and Format 0 were agreed to be used for aperiodic SRS triggering.  The number of bits used for dynamic aperiodic SRS were discussed and agreed as follows,
· 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.
In this contribution, we consider the exact configuration parameters for aperiodic SRS triggering with this limited signalling in the UL grants.
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.  In this section, we investigate the UE-specific parameters of periodic SRS in Rel-8 as shown in Table 1, in order to configure a set of reasonable and efficient parameters for dynamic aperiodic SRS triggering to achieve a suitable tradeoff between flexibility of aperiodic SRS transmission and the limited L1/L2 control signalling.
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 the constraint of the signaling overhead in the UL grants, we just consider some essential parameters to be configured by DCI Format 4 in order to provide the flexibility of SRS configurations to some extent.  Other parameters could be left for RRC configuration per component carrier (CC) or implicitly configured by some unused code-points in other control fields of the UL grant.  However, the re-interpretation of any unused code-points should not impact the regular UL-SCH data transmission or constrain the scheduling flexibility significantly. 
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 in case of CA by DCI Format 4, irrespective of whether 2 or 3 new bits are finally adopted for aperiodic SRS triggering, 

· 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.
Other UE-specific SRS Parameters
For other UE-specific parameters of 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 are configured by higher-layer RRC signalling due to the limited number of bits in DCI Format 4.  Both cyclic shift (CS) and/or transmission comb are essential parameters, which help to avoid collision among different UEs.  Thus CS and/or comb could be partially configured in DCI Format 4 by joint coding with the abovementioned CA parameters.
Considering that the comb offset could be used for multiplexing different UEs with overlapped transmission bandwidth but different sizes, we prefer that the comb offset is not used for multiplexing different antenna ports, as also preferred in [7].

In the following, we discuss various configurations of aperiodic SRS triggering with different numbers of bits in UL grants, under the assumption that the comb offset is not used for multiplexing different antenna ports.
3.1. 2 new bits for aperiodic SRS triggering
In this case, only three states could be configured, in addition to no SRS triggering state (namely, State 0).  By utilizing joint coding, we could provide some particular combinations of CA and CS and/or comb parameters as follows.

Solution 1: Combination of CA and CS, e.g.,
· State 1: triggering aperiodic SRS with RRC-configured CS Indicator (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.
· Or CSoffset could be RRC-configured per CC to achieve more flexibility or implicitly indicated by unused code-points
· State 3: triggering aperiodic SRS with RRC-configured CSI on all or a subset of configured UL CCs

Solution 2: Combination of CA and comb offset, e.g., 
· State 1: triggering aperiodic SRS with RRC-configured comb offset  (RRC_comboffset) on one UL CC;
· RRC_comboffset could be configured per CC;
· State 2: triggering aperiodic SRS with additional dynamic comb offset (Add_comboffset) on one UL CC, 
·  Add_comboffset = (RRC_comboffset + 1) mod 2;
· State 3: triggering aperiodic SRS with RRC_comboffset on all or a subset of configured UL CCs
Solution 1 is slightly preferred considering the flexible configuration of CSoffset.
3.2. 3 new bits for aperiodic SRS triggering
In this case, there are 7 states which could be configured by DCI Format 4, in addition to no SRS triggering state, State 0.  A combination of CA, CS and comb can therefore be signalled, such as:
· State 1: triggering aperiodic SRS with RRC-configured CSI and RRC_comboffset on one UL CC;

· State 2: triggering aperiodic SRS with RRC-configured CSI + CSoffset and RRC_comboffset on one UL CC;

· State 3: triggering aperiodic SRS with RRC-configured CSI and Add_comboffset on one UL CC;

· State 4: triggering aperiodic SRS with RRC-configured CSI + CSoffset and Add_comboffset on one UL CC;

· State 5: triggering aperiodic SRS with RRC-configured CSI and RRC_comboffset on all or a subset of configured UL CCs.

· State 6: triggering aperiodic SRS with RRC-configured CSI + CSoffset and RRC_comboffset on all or a subset of configured UL CCs
· CSoffset could be predefined value per CC or RRC-configured value per CC
· State 7: triggering aperiodic SRS with RRC-configured CSI + CSoffset and Add_comboffset on all or a subset of configured UL CCs.

· CSoffset could be predefined value pre CC or RRC-configured value per CC

4. Configuration of Aperiodic SRS Triggering with DCI Format 0
4.1. 1 new bit for aperiodic SRS triggering 
It was agreed that this new 1 bit is used to indicate aperiodic SRS activation.  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. Conclusions

In this contribution, we discuss various possible configurations for aperiodic SRS triggering with 2 or 3 new bits in DCI Format 4 and 1 new bit in DCI Format 0 for multiple UL CCs.  
Considering the limited DL control signalling overhead and low additional SRS transmission overhead, we propose 
· At least two states of SRS request field in DCI Format 4 are dynamically configured for CA parameters,
· One state of the SRS request field in DCI Format 4 triggers an aperiodic SRS transmission on the UL CC for which the UL grant is provided. 
· One state of the SRS request field triggers aperiodic SRS transmission for all or a subset of the configured UL CCs (the subset being configured by RRC signalling). 
· The other value(s) of the SRS request field can be assigned by RRC signalling to correspond to the combinations of CA and CS and/or comb parameters. 
· Note that different mappings between SRS request field values and RRC parameters can be signalled for each CC.
· DCI Format 0 could be used to trigger aperiodic SRS on multiple UL CCs.
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