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1 Introduction
In last #62b meeting, it was agreed that,
· DCI Format 4 is used for SRS triggering
· 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 is also used for SRS triggering
· 1 new bit (RRC-configured) indicates aperiodic SRS activation
· Aperiodic SRS activation is not supported in UE Common Search Space
This contribution focuses on the remaining issues of signalling of aperiodic SRS.
2 One-shot SRS triggered by UL grant
2.1 Support of multi-antenna port SRS
It was agreed in #62 meeting that both CS and Comb could be used for multiplexing different antennas. Using CS to obtain orthogonality is a direct extension from UL DMRS. Though Comb can also be used, it imposes additional restriction on scheduling. Consider one UE with two configured antenna ports, for which the SRS transmissions are scheduled on different Combs if Comb is used for multiplexing. It hence requires SRS transmissions from other UEs that are scheduled on the same time-frequency resource to be of the same bandwidth. If only CS is used for multiplexing, the restriction only applies to one Comb. 
Proposal 1:  Only CS is used for multiplexing different antennas, with the same Comb. 
It is preferred that the cyclic shifts assigned to different antenna ports are chosen to obtain the largest possible separation to keep the inter-antenna interference low. For two antenna ports SRS, the separation is four while for four antenna ports SRS, the separation is two. 
2.2 Aperiodic SRS triggered using DCI format 4
As it was agreed that 2 or 3 new bits are introduced for DCI format 4, some SRS parameters can be set dynamically along with triggering. The possible parameters to be configured are CS, Comb, bandwidth, frequency domain position, hopping bandwidth, number of SRS antenna ports. Table 1 shows the proposed approach for dynamic configuration of aperiodic SRS parameters using DCI format 4. Adding three bits is recommended, the detailed signalling is explained in the rest of the section.
Table 1 Dynamic configuration using DCI format 4 with 3 additional bits
	State
	Configuration

	000
	Off

	001
	Trigger and configure aperiodic SRS according to Config1.

	010
	Trigger and configure aperiodic SRS according to Config1 but with CS shift of N.

	011
	Trigger and configure aperiodic SRS according to Config2.

	100
	Trigger and configure aperiodic SRS according to Config2 but with CS shift of N.

	101
	Skip one periodic SRS transmission & trigger and reconfigure one aperiodic SRS transmission.

	110
	Skip one periodic SRS transmission & trigger and reconfigure one aperiodic SRS transmission but with CS shift of N.

	111
	Trigger and configure aperiodic SRS according to Config1 but with different number of SRS antenna ports.


First of all, it is proposed that the eNB RRC configure two sets of aperiodic sounding parameters for one UE, namely Config1 and Config2. Although it is possible to define seven independent set of parameters, it could make the configuration unnecessarily complicated. Config1 and Config2 can have independent setting of CS, Comb, bandwidth, frequency domain position, hopping bandwidth. The number of SRS antenna ports is also RRC configured but is shared by the two configurations. Having two sets of aperiodic SRS parameters allows eNB to create non-continuous sounding region for one UE. Also it is possible to set different bandwidth for Config1 and Config2, so eNB can trigger wideband sounding with Config1 and narrowband sounding with Config2.
For both Config1 and Config2, it is proposed that dynamic CS assignment for aperiodic SRS using DCI format 4 is enabled to avoid the potential collision [1]
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 \* MERGEFORMAT [2]. Note that for a UE configured with four SRS antenna ports, merely two states are needed as shown in Figure 1. For two ports SRS and one port SRS, four and eight states are needed for full flexibility, respectively. To have a common UL grant signalling design for all UEs, it is proposed to configure two states regardless of the number of SRS antenna ports. 
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Figure 1 The states needed for 4 TX SRS
Therefore, the state “001” in Table 1 informs the UE to configure the triggered aperiodic SRS transmission according to Config1. State “010” informs the UE that Config1 is adopted for the transmission while CS shift of N is used. For instance, if the RRC configured CS for aperiodic SRS on antenna port 0 is l, then the the CS used for the triggered SRS is mod(l+N, 8), where N is the CS shift. For 4 TX SRS, the CS shift value N is 1, while for 2 TX and 1 TX SRS, N is 2 and 4 respectively. Similarly, state “011” and state “100” both choose Config2 for configuration, only CS shift of N is applied for state “100”.
Moreover, DCI format 4 can also be used to enhance sounding capacity by more dynamic resource management. One such approach is shown in Figure 2. For this method, if one such request is sent in subframe n, the periodic SRS transmission configured for the UE in subframe n+kp is skipped, where kp is the smallest integer that satisfies both kp (4 and the UE-specific periodic SRS subframe offset and duty cycle configuration. At the same time, one aperiodic SRS transmission is triggered on the same bandwidth as the skipped periodic SRS to compensate for the loss of skipping. The triggered aperiodic SRS should be sent on subframe n+ka where ka is the smallest integer that satisfies both ka (4 and the UE-specific aperiodic SRS subframe offset and duty cycle configuration. If there is also periodic SRS transmission on subframe n+ka, the aperiodic SRS is dropped. This method practically moves the periodic transmission to another subframe, so the corresponding resources can be used for aperiodic SRS transmissions from other UEs, therefore allowing more flexibility in resource management. State “101” and “110” in Table 1 are used for such functions, only for state “110”, CS shift of N is applied to the triggered aperiodic SRS.
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Figure 2 Trigger one aperiodic SRS and skip one periodic SRS using format 4
Yet some states can be used to dynamically select the number of antenna ports for the triggered SRS. The corresponding SRS transmissions could help the eNB to decide whether to switch the transmission mode for UL transmission. State “111” in Table 1 configures SRS transmission according to Config1 only with different number of SRS antenna ports.
Proposal 2:
· Three bits are introduced in DCI format 4 to indicate seven states. 
· Two sets of aperiodic sounding parameters are RRC-configured for one UE.

· Dynamic CS selection is enabled to avoid collision.
· Dynamic reassignment of periodic/aperiodic SRS resources is enabled.

· Dynamic selection of number of SRS antenna ports other than the one configured by RRC signalling is enabled. 
DCI format 0 can also be used for aperiodic SRS triggering. The detailed discussion can be found in a companion contribution [3].

2.3 Aperiodic SRS transmission timing

In #62 meeting it was agreed that a UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n. To narrow down the discussion, it is further proposed that k should also follow the configured aperiodic UE-specific subframe offset and SRS periodicity.

Another issue related to aperiodic SRS transmission timing is that multiple PDCCHs transmitted on different subframes may trigger aperiodic SRS transmission on the same subframe, as show in Figure 3. The corresponding behaviour of eNB and UE needs to be specified.  In this case, eNB should send the same aperiodic SRS command in the multiple subframes. Therefore even if some of the commands are missed, the correct configuration is still applied.
Propsoal 3: When multiple PDCCHs transmitted on different subframes trigger aperiodic SRS transmission on the same subframe, the same command is sent.
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Figure 3 Multiple triggering for aperiodic SRS transmission
2.4 Multiple shots

Multiple-shot SRS was proposed to strengthen the system performance [4-6]. Multiple narrow-band SRS transmissions may hop in frequency domain to enable wideband sounding. It benefits cell-edge UEs because narrow-band transmissions are normally configured. Alternatively multiple SRS transmissions can be send in the same bandwidth. The SINR for SRS detection can be enhanced with SRS repetition. Note that since the same SRS bandwidth is applied for all transmit antennas in the current baseline, the interference to neighbor cells gets higher than that in Rel-8, or SRS detection performance cannot be guaranteed with lower power. Consequently, the SRS transmit power can be reduced without SRS detection performance loss by triggering multiple shots over the same bandwidth, so that interference to neighbor cells is reduced for each shot. 

Proposal 4: Triggering multiple-shot SRS from a single trigger is supported. The number of shots is configured via RRC signalling.
3 Conclusions
In this contribution, we analyze the remaining issues concerning aperiodic SRS configuration and triggering. It is proposed that:

· Only CS is used for multiplexing different antennas, with the same Comb.
· Three bits are introduced in DCI format 4 to indicate seven states. 
· Two sets of aperiodic sounding parameters are RRC-configured for one UE.
· Dynamic CS selection is enabled to avoid collision.
· Dynamic reassignment of periodic/aperiodic SRS resources is enabled.
· Dynamic selection of number of SRS antenna ports other than the one configured by RRC signalling is enabled.
· When multiple PDCCHs transmitted on different subframes trigger aperiodic SRS transmission on the same subframe, the same command is sent.
· Triggering multiple-shot SRS from a single trigger is supported. The number of shots is configured via RRC signalling.
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