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1. Introduction
In this contribution we discuss the remaining details on aperiodic SRS triggering.
· Aperiodic SRS configuration 

· Aperiodic SRS triggering 

· Frequency hopping for aperiodic SRS
2. Aperiodic SRS Configuration

2.1. SRS Configuration Parameters
It has been agreed that for DCI format 0 one RRC-configure A-SRS parameter set and for DCI format 4 three RRC-configure A-SRS parameter sets is supported. The following SRS parameters are currently independently configured for each set:

· Transmission comb 
· Starting physical resource block assignment
· SRS bandwidth

· Frequency hopping bandwidth (if supported)

· duration (if multi-shot SRS is supported)
· Cyclic shift

· Number of antenna ports
However, to reduce RRC signalling overhead, some of the parameters that are unlikely to be configured differently between the sets can be made common within the 3-sets for DCI format 4. Parameters such as SRS bandwidth that are based on UE SNR conditions are not expected be set differently for the 3-parameter sets. On the other hand, parameters such as cyclic shift and transmission comb that enable orthogonal multiplexing of the different UEs should be configured independently to provide flexibility in multiplexing different A-SRS UEs in a given subframe. 
Proposal 1:

The following subset of A-SRS Parameters is configurable for each set of the 3-sets for DCI format 4:
· Cyclic shift

· Transmission comb 

The remaining A-SRS parameters signalled via RRC are common for all sets

2.2. SRS Transmission (aperiodic / periodic) with multiple configured transmit antenna ports 

It has been agreed that SRS for all the configured transmit antenna ports should be transmitted within one SC-FDMA symbol of the same subframe with same SRS transmission bandwidth and frequency RB positions for all antenna ports. The simultaneous transmissions from multiple transmit antenna ports helps to take in to account the SNR condition and antenna effects inherent a multi-antenna UE (e.g., antenna gain imbalance, coupling, etc.). Thus, it is preferred to only support simultaneous SRS transmissions from multiple antenna ports in one SC-FDMA symbol with no time cycling to multiplex the SRS from antenna ports.

To further couple the antenna effects of a MIMO PUSCH transmission and SRS from multiple transmit antennas, it is proposed that SRS transmission on the same set of subcarriers be used. Thus, the orthogonality between the different antenna-port SRS can be achieved by cyclic shift multiplexing and/or different comb assignments. The CS assignment can be explicit or implicit relative to first antenna configuration, for example maximal CS separation.
Proposal 1:

· Simultaneous SRS transmissions from multiple antenna ports in one SC-FDMA symbol with no time cycling to multiplex the SRS from antenna ports. 
· Orthogonality between the multi-antenna port SRS transmissions is achieved by cyclic shift multiplexing. CS assignment is implicit relative to first antenna configuration with maximal CS separation. 
3. Aperiodic SRS Triggering 
3.1. Triggering in PDCCH DL Assignments

SRS transmission can be quite useful to support various functions even without UL data scheduling. Some examples include power control, timing advance update, translating measured uplink long-term channel statistics to the downlink frequency in FDD for DL scheduling [2], channel-reciprocity based beamforming in TDD. Thus, it is beneficial to support triggering of aperiodic SRS transmission via DL assignments also for FDD and TDD as proposed in [3]. Such aperiodic SRS triggering via DL assignments can also support various scheduling “startup” functions on the UL such as initial MCS selection, improving frequency hopping even when frequency selective scheduling is not being used for the UE.

Proposal 3:

· Triggering in DL assignment is supported.
3.2. Aperiodic SRS and Carrier Aggregation

In this section we discuss the UL component carrier linkage for PDCCH-based aperiodic sounding triggering with and without CIF field. 

For the case of PDCCH without CIF, aperiodic sounding trigger (via UL and/or DL DCI) received on DL CCx corresponds to SRS transmission on the UL CCy that is SIB2 linked to the DL CCx (RAN#2 has agreed on SIB2 based linking between DL CC and UL CC - UL CCy indicated in SIB2 on DL-CCx). 

For the case of PDCCH with CIF supporting cross-carrier scheduling, triggering of an aperiodic sounding by UL DCI with CIF (CIF corresponding to UL CCy) received on a DL CCx (PCell or on another activated SCell DL) corresponds to aperiodic SRS transmission on UL CCy indicated by the CIF field in the UL DCI. In case of aperiodic SRS triggering in DL DCI with CIF (corresponding to DL CCz) received on DL CCx, SRS transmission occurs on UL CCy that is SIB-2 linked to the DL CCz (PDSCH CC) indicated by the CIF field in the DL assignment.

 If the UL CCy is not configured (or not activated) for the UE, then the sounding trigger is ignored.

Proposal 4:

PDCCH without CIF

· Aperiodic sounding trigger received on DL CCx (via UL or DL DCI received on DL CCx) results in aperiodic SRS transmission on UL CCy that is SIB2 linked to (or RRC-configured with) the DL CCx (UL CCy indicated in SIB2 on (or RRC-configured with) DL CCx). 

PDCCH with CIF

· Triggering of aperiodic sounding in DL DCI with CIF (corresponding to DL CCz) received on DL CCx corresponds to SRS transmission on the UL CCy that is SIB-2 linked to(or RRC-configured with) the DL CCz (PDSCH CC) indicated by the CIF field in the DL assignment. 

· Aperiodic sounding trigger by UL DCI with CIF (corresponding to UL CCy) received on DL CCx results in aperiodic SRS transmission on UL CCy indicated by the CIF field in the UL DCI.
If the UL CCy is not configured (or not activated) for the UE, then the sounding trigger is ignored.

4. Aperiodic Sounding Duration

In LTE Rel-8/9, a UE can be configured to transmit a single (i.e., one-shot) SRS based on a 1-bit UE-specific higher-layer signalling parameter, ‘duration’. The duration of the dynamic aperiodic SRS transmission can be one-shot or timer-based (multi-shot) to support a pre-defined number of SRS transmissions which can be beneficial to support scheduling during a data burst and when frequency hopping is configured. The timer resets on reception of an aperiodic SRS trigger in case of PDCCH DCI format 0 and if same RRC-configured aperiodic SRS parameter set is indicated in case of DCI format 4. The pre-defined number of SRS transmissions (including one-shot) can be configured as part of the SRS configuration. 
Proposal 5:

· One-shot and timer-based (multi-shot - pre-defined number of SRS transmissions) durations are supported for aperiodic SRS. The timer resets on reception of an aperiodic SRS trigger in case of PDCCH DCI format 0 and if same RRC-configured aperiodic SRS parameter set is indicated in case of DCI format 4.

5. SRS Frequency Hopping

In RAN1#63, it has been agreed that the transmission timing of aperiodic SRS is based on UE-specific A-SRS subframe based on UE-specific SRS subframe offset and SRS periodicity configuration parameters (srsConfigurationIndex). The UE-specific SRS subframe offset and SRS periodicity configuration parameters can also support SRS hopping similar to Rel-8/9  (i.e., 
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) with the SRS transmission frequency RB position in subframe kSRS>= n+4 in response to an aperiodic SRS trigger in subframe ‘n’ corresponds to the frequency-domain starting position in the Rel-8/9 SRS hopping pattern in subframe kSRS. A-SRS frequency hopping together with multi-shot A-SRS enables efficient and reliable sounding of the entire sounding region.  
Proposal 6: 
· A-SRS Frequency hopping is supported
·  SRS transmission frequency RB position in subframe kSRS corresponds to the frequency-domain starting position in the Rel-8 SRS hopping pattern (when 
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) in subframe kSRS based on the UE-specific SRS subframe offset and SRS periodicity configuration parameters (re-use Rel-8/9 frequency hopping mechanism).
6. Conclusions

In this contribution, we propose the following on aperiodic SRS triggering:

Proposal 1: A-SRS Configuration Parameters
The following subset of A-SRS Parameters is independently configurable for each set of the 3-sets for DCI format 4:
· Cyclic shift

· Transmission comb 

The remaining A-SRS parameters signalled via RRC are common for all sets

Proposal 2: SRS Transmission with multiple configured transmit antenna ports
· Simultaneous SRS transmissions from multiple antenna ports in one SC-FDMA symbol with no time cycling to multiplex the SRS from antenna ports. 
· Orthogonality between the multi-antenna port SRS transmissions is achieved by cyclic shift multiplexing. CS assignment is implicit relative to first antenna configuration with maximal CS separation. 
Proposal 3: A-SRS triggering by PDCCH
· Triggering in DL assignment is supported.
Proposal 4: A-SRS and Carrier Aggregation
PDCCH without CIF

· Aperiodic sounding trigger received on DL CCx (via UL or DL DCI received on DL CCx) results in aperiodic SRS transmission on UL CCy that is SIB2 linked to (or RRC-configured with) the DL CCx (UL CCy indicated in SIB2 on (or RRC-configured with)DL CCx). 

PDCCH with CIF

· Triggering of aperiodic sounding in DL DCI with CIF (corresponding to DL CCz) received on DL CCx corresponds to SRS transmission on the UL CCy that is SIB-2 linked to (or RRC-configured with) the DL CCz (PDSCH CC) indicated by the CIF field in the DL assignment. 

· Aperiodic sounding trigger by UL DCI with CIF (corresponding to UL CCy) received on DL CCx results in aperiodic SRS transmission on UL CCy indicated by the CIF field in the UL DCI.
If the UL CCy is not configured (or not activated) for the UE, then the sounding trigger is ignored.

Proposal 5: Multi-shot A-SRS Duration
· One-shot and timer-based (multi-shot - pre-defined number of SRS transmissions) durations are supported for aperiodic SRS. The timer resets on reception of an aperiodic SRS trigger in case of PDCCH DCI format 0 and if same RRC-configured aperiodic SRS parameter set is indicated in case of DCI format 4.

Proposal 6: A-SRS Frequency Hopping
· A-SRS Frequency hopping is supported
·  SRS transmission frequency RB position in subframe kSRS corresponds to the frequency-domain starting position in the Rel-8 SRS hopping pattern (when 
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) in subframe kSRS based on the UE-specific SRS subframe offset and SRS periodicity configuration parameters (re-use Rel-8/9 frequency hopping mechanism).
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