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1. Introduction

Some progress was achieved at RAN1 #62 on the design framework of aperiodic sounding in Rel-10. A summary of the agreements and outstanding details is provided [1]. This contribution addresses some outstanding signaling aspects including 

· Support of multi-antenna port SRS
· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 
· Both CS and Comb could be used for multiplexing different antennas
· Further discussion needed to see if we can narrow down the configuration parameters
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
· Detailed signaling for aperiodic SRS for the single CC case, assuming UL data is scheduling
· Number of states needed in the PDCCH grant for triggering/configuration
· DCI format for single-port transmission:  {2,4,10}states
· DCI format for MIMO transmission: {2, 4, 18}states
· More discussion needed to decide on one set of states
· Potential list of the parameters to be configured: CS, Comb,  BW position, Transmission BW, hopping
· Partitioning of configuration parameters between RRC and PDCCH grant FFS

In addition we propose suitable transmission timing rules for aperiodic SRS.

2. Signaling Design
The signaling design for activation/configuration of aperiodic SRS should be based on the following principles:

1. Minimize the impact on DL signaling overhead in order to maintain Rel-8 DL coverage

2. Focus on the typical use cases for aperiodic sounding including:

a. Multi-antenna port sounding

b. Efficient management of a fixed set of time/frequency/code resources by a larger pool of UEs/antenna ports.

Based on the first principle our view is that aperiodic SRS should only be piggybacked on a PDCCH signaling an UL grant for the same UE. As such the signaling impact of aperiodic SRS is only borne by the UE for which sounding is required i.e. it has limited or no impact from a system perspective. Consequently, the SRS trigger can be inserted in DCI formats 0 and 4. RAN1 has agreed that the cell specific SRS parameters, namely, the subframe configuration and the transmission bandwidth
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, are applicable to both periodic and aperiodic sounding. Thus, Table 1 lists the UE specific parameters that are candidates for either L1 signaling in an UL DCI format or RRC signaling.

Table 1 UE-specific aperiodic sounding parameters 

	Parameter
	Bit width

	Transmission comb
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	1

	Starting PRB assignment
[image: image3.wmf]RRC

n


	5

	SRS bandwidth
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	2

	Frequency hopping bandwidth
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	2

	Cyclic shift per antenna port p,
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DCI Format 0

In general major changes to DCI format 0 are not desirable because of the impact to existing specification and testing procedures. As such only an SRS activation flag (trigger) should be further considered for DCI format 0. It has been proposed to trigger aperiodic SRS in DCI format 0 by redefining existing bits in DCI format 0 – for example, the cyclic shift indicator, padded bit, or the frequency hopping bit – or by the addition of a new 1-bit field. Due to recent agreements in other Rel-10 topics some limitations to these proposals are now apparent such as:
· Rel-10 shall support non-contiguous PUSCH resource allocation by re-defining the frequency hopping flag and the padded bit in DCI format 0. Since it should be possible to simultaneously configure a UE for non-contiguous PUSCH transmission and aperiodic SRS these bits should not be considered for triggering aperiodic SRS transmissions.

· The cyclic shift indicator (CSI) field shall be used for signaling both cyclic shift and orthogonal cover code for Rel-10 UL SU- and MU-MIMO transmission. It is unclear how a 3-bit CSI field can also be used to trigger SRS in addition to signaling OCC and cyclic shift. 
Given these limitation there are three possible solutions for triggering in DCI format 0. 

1) Option 1: addition of a 1-bit field. It was agreed at RAN1 #61 that the size of the DCI format 0 remains the same as defined in Rel-8 at least in the common search space. This implies that adding an activation bit can only be considered for the UE-specific search space. It also means that that 1 bit is added to DCI format 1A in the UE-specific search space in order not to increase the number of blind decodes.
2) Option 2: reuse CQI request flag. The motivation for an aperiodic SRS request is similar to that of an aperiodic CQI request: the eNB requires on demand channel state information, where the former is for the UL channel while the latter is for the downlink channel. This option is only suitable for TDD, because channel reciprocity of UL and DL can be exploited (also mentioned in [2]). However, it is preferable to adopt a unified solution for both FDD and TDD.
3) Option 3: the default option is also possible i.e. SRS triggering is not supported for DCI format 0. One implication of this alternative is that aperiodic SRS triggering is only supported in DCI format 4.
Based on the relative merits of each option our recommendation is:

Proposal: if aperiodic SRS triggering in DCI format 0 is agreed in RAN1, it should be enabled by adding 1 bit to DCI format 0 in the UE-specific search space.
DCI Format 4

From Table 1, up to 13 bits are required for aperiodic SRS configuration, and these SRS parameters can be partitioned between dynamic signaling in the PDCCH and higher layer signaling. 

Our proposed design choice(s) are as follows:

1) Starting PRB assignment, SRS bandwidth: from the second design principle given above, it can be noted that the aperiodic sounding operation based on the starting PRB and SRS bandwidth is similar to how they are used for periodic sounding. Therefore, these parameters should be configured by RRC signaling
2) Frequency hopping bandwidth: frequency hopping is enabled when
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. An important use case for frequency hopping is when the UE’s transmit power spectral density precludes wideband sounding in 1 subframe. Then the UE may hop across different bandwidth parts of
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. Notice that this parameter is used in conjunction with
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and thus it should also be configured by RRC signaling.
3) Transmission comb and cyclic shift: in our view these are the essential configuration parameters for aperiodic SRS. We propose several options for configuring these parameters including 
a. Option 1: configure transmission comb and cyclic shift by higher layer signaling. Only 1 bit is added to DCI format 4 for aperiodic SRS activation. One cyclic shift is RRC-signaled for the first or primary antenna port whereas the cyclic shifts for additional antenna ports are implicitly determined from the signaled cyclic shift. Two options are possible for the transmission comb, namely

i. One comb is configured for all antenna ports

ii. Each antenna port is independently configured with a different comb. Note that this does not necessarily imply multiple information elements. One exemplary solution is that only one value is signaled (denoted for the purpose of illustration as
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). The UE implicitly determines the transmission comb for antenna port p as
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b. Option 2: configure transmission comb and cyclic shift by dynamic signaling. This implies that up to 5 bits are required in DCI format 4: one bit for trigger, one bit for the transmission comb and 3 bits for the cyclic shift. A 5-bit field is not desirable in our view. This can be reduced to 2 bits by including only the trigger bit and the transmission comb while the cyclic shift is configured by higher layer signaling as in Option 1.
c. Option 3: to increase signaling flexibility the UE may be configured with a set of comb/cyclic shift combinations. The particular combination to use is signaled by the SRS field in DCI format 4. For example a 2 bit SRS field could signal one of three combinations (the all zero value signifies a null SRS trigger). 
Option 1 is the preferred solution because even when a UE is semi-statically configured for UL MIMO transmission it can still be dynamically scheduled for single antenna port transmission when it receives an UL grant with DCI format 0. Hence, if activation of sounding from multiple antenna ports is permitted from DCI format 0, all sounding parameters must be configured by higher layer signaling since as noted in the previous section DCI format 0 may only contain the SRS trigger.
Proposal: A 1-bit field is added to DCI format 4 for triggering aperiodic SRS transmission. 

Regardless of the signaling it should be clear that only one cyclic shift needs to be signaled to the UE. The cyclic shift for the other antennas can be implicitly determined as follows: let the signaled cyclic shift be denoted as
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the cyclic shift value for up to 4 antenna ports can be given as 
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Where, for example, 
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= 0, 4, 2, 6 for antenna ports p = 0, 1, 2, 3 respectively. 

3. Transmission Timing

For Rel-8/9 periodic SRS transmission the SRS transmission instances are the subframes satisfying 
[image: image15.wmf]0

mod

)

10

(

SRS

SRS

=

-

+

×

T

T

k

n

offset

f

where 
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is defined in [3] for both FDD and TDD. On the other hand for aperiodic sounding the UE shall commence aperiodic SRS transmission in subframe 
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upon detection of a positive SRS request in subframe n. A potential issue occurs when SRS activation is conveyed in an UL grant in subframe n but subframe
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is not a cell-specific SRS subframe. As a result the UE shall transmit PUSCH in subframe n+k but it is unclear if/when it should transmit the aperiodic SRS. We propose three options for UE behavior in this scenario, namely:

1) Option 1: the UE shall assume that consistent control information is not detected in the PDCCH and the UE shall disregard the PUSCH resource allocation and aperiodic SRS trigger.
2) Option 2: the UE commences SRS transmission in subframe
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are the system frame number, cell –specific subframe configuration period and transmission offset respectively.
3) Option 3: in addition to the UE-specific SRS parameters enumerated in Table 1 the UE can also be configured with the srs-ConfigIndex which specifies the SRS periodicity 
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and subframe offset 
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similarly to Rel-8/9 periodic sounding configuration. The difference compared to Rel-8/9 periodic sounding is that although the UE is configured with a time/frequency/code resource the UE does not transmit aperiodic SRS unless it receives a trigger. Therefore, if a trigger is received in subframe n the UE shall commence SRS transmission in subframe
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where the following conditions must be satisfied
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From a radio resource management (RRM) perspective Option 1 may be the simplest option. Option 2 increases the complexity of scheduling and RRM procedure at the eNB because the eNB has to carefully configure UEs to avoid collision of aperiodic SRS transmission. The same complexity issue is also introduced with Option 3. In addition, Option 3 adds another parameter to the SRS IE, the srs-ConfigIndex. 
4. Conclusion

Several outstanding issues for aperiodic SRS transmission have been discussed in this contribution. It is recommended that RAN1 adopt the following proposals 

· If aperiodic SRS triggering in DCI format 0 is agreed, it is enabled by adding 1 bit to both DCI formats 0 and 1A in the UE search space.
· A 1-bit field is added to DCI format 4 for triggering aperiodic SRS transmission.
· The cyclic shift for each antenna port is computed as 
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 where the offset 
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is pre-determined.
· For transmission timing the UE follows Option 1 described above. 
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