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1 Introduction
In last #62 meeting, it was agreed that,
· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 
· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission Comb, and cyclic shift could be different between periodic and aperiodic sounding
· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n
This contribution shares our views on aperiodic SRS transmitted on Rel-8 SRS resources.
2 One-shot SRS triggered by UL grant
2.1 Support of multi-antenna port SRS
One of the remaining issues for one-shot SRS is the multiplexing of multi-antenna port SRS. 

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, the SRS transmissions are scheduled on different Combs if Comb is used for multiplexing. It hence requires SRS transmissions from other UEs that 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 2. 
2.2 Detailed signalling for aperiodic SRS
For signalling of aperiodic SRS, one important remaining issue is the partitioning of configuration parameters between RRC and PDDCH grant. Potential parameters are: CS, Comb, frequency domain position, transmission bandwidth, hopping bandwidth, periodicity and offset (srs-ConfigIndex-ap).
One basic solution is to configure all the parameters via RRC signalling and only include 1 activation bit in UL grant. This method introduces minimal PDCCH overhead but also provides minimal flexibility. 
To use the limited SRS resources more efficiently, it is preferred that collision of scheduled aperiodic SRS can be resolved in a dynamic manner. One straightforward solution is dynamic CS/Comb assignment for aperiodic SRS in UL grant [1]
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 \* MERGEFORMAT [2]. In [2], one such solution is proposed by reusing the uplink DMRS CS bits to determine the CS of the aperiodic SRS. However, as the assignment for DMRS CS is already constrained due to several reasons, for instance MU-MIMO pairing, reusing the DMRS CS for SRS CS assignment further limits the scheduling flexibility. So if the SRS CS is to be signalled in the UL grant, it should be signalled separately than the DMRS CS. 
To avoid additional overhead or constraint to UL grant, one needs to limit the possible number of states for Comb/CS selection. Note that for a UE configured with four SRS antenna ports, if only CS selection is allowed, 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 by RRC regardless of the number of SRS antenna ports. 
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Figure 1 The states needed for 4 TX SRS
For other UE specific parameters such as bandwidth, frequency domain position, hopping bandwidth, etc, it is preferred that they are RRC configured in a similar manner as for periodic SRS.
Proposal 2：
· To enhance the scheduling flexibility of aperiodic SRS, L1 selection of CS/Comb is supported.

· For Comb/CS selection, predefine two states via RRC signalling regardless of the number of configured SRS antenna ports.

Moreover, one deployment scenario may need further consideration. Note that it was agreed that PUSCH transmission can be scheduled on channel-edge non-active CQI PRBs as shown in Figure 2  [3]
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 \* MERGEFORMAT [4]. In this manner,  interference caused by high power PUCCH transmission to adjacent victim or protected band can be alleviated . This approach could also be used in the scenario of co-channel deployment of Macro-eNB (MeNB) and Home eNBs (HeNB) to mitigate PUCCH-to-PUCCH interference, i.e. MeNB and HeNB may schedule PUCCH transmision on different PRBs to avoid heavy interference [5].
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Figure 2 Reuse of non-active PUCCH CQI RBs for PUSCH transmission
In this case, the PUCCH region is located between PUSCH regions. Using existing periodic SRS scheme to scan the non-continuous PUSCH region, one may need to configure a cell-specific SRS bandwidth (the maximal bandwidth that can be scanned by SRS in the cell) to cover the channel-edge area therefore also includes the PUCCH region. But channel status report from one UE could collide with SRS transmission from another UE, because channel status report transmission always includes the last SC-FDMA symbol of the subframe. The collision can be avoided by scheduling, for instance not schedule channel status report in cell-specific SRS subframes. However it imposes significant constraints to the configuration of both periodic SRS and channel status report. The similar issue also exists for HARQ acknowledgement transmissions unless they are configured to be shortened. However, 0.5 dB performance loss is observed for all shortened HARQ acknowledgement transmissions in the cell [6]. 
To scan it using aperiodic SRS, one possible approach is to configure a cell-specific SRS bandwidth to cover the entire system bandwidth. Then eNB could configure a resource pattern for a UE based on the cell-specific configuration. The pattern may overlap the PUCCH region, but the collision can be avoided if eNB never trigger aperiodic SRS in that area.
However, at least two issues are observed.

Firstly, as agreed in last meeting, cell-specific SRS configuration is applicable for both periodic and aperiodic SRS. If cell-specific SRS bandwidth includes PUCCH regions, the configuration for periodic SRS is heavily constrained. One example is shown if Figure 3, where transmission bandwidth 
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 for any UE in the cell can only be configured to 2 or 3. In addition, hopping bandwidth configuration is limited for the same reason.
Secondly, the configuration of transmission bandwidth for aperiodic SRS is also limited. eNB may be forced to configure narrow transmission bandwidth to match the channel-edge PUSCH region.
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Figure 3 Limitation on periodic SRS configuration
A more reasonable solution is to define multiple independently configured resource patterns for one UE.  As shown in Figure 4, the primary pattern is configured in a conventional fashion. For the channel-edge pattern, a slight different approach is used. One additional bit is needed to choose between the upper and lower channel-edge regions. Frequency domain position may need to be redefined. For transmission bandwidth and hopping bandwidth configuration, the required flexibility is lower than the primary pattern since channel-edge region is normally narrow in bandwidth. Even fixed transmission bandwidth and hopping bandwidth can be considered. Other parameters, such as periodicity and offset, CS and Comb, could be, at least partially, derived from the configuration of the main pattern. Detailed signalling needs further study.
It is proposed to define at most two patterns for one UE. The two patterns are staggered in time domain, therefore virtually only one non-continuous pattern is configured. eNB can implicitly choose which region to sound by different triggering timing.
Proposal 3：Define two aperiodic SRS patterns for one UE if PUSCH region is non-continuous.
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Figure 4 Configure two aperiodic SRS patterns to cover non-continuous PUSCH region
Table 1 summarizes the proposed UE-specific configuration parameters for aperiodic SRS. It is preferred that at least 1 activation bit is included in the UL grant. 
Table 1 UE specific configurable parameters for aperiodic SRS
	Parameter
	Bit width
	Description
	Remark

	SRS antenna port configuration
	1
	Single antenna port mode or multiple antenna port mode
	

	transmissionComb-ap
	1x2
	Define two states of CS/comb 
	Two pre-defined states are indicated by RRC signalling.

State selection by L1 signalling

	cyclicShift-ap
	3x2
	
	

	srs-ConfigIndex-ap
	10
	Periodicity and subframe offset
	

	srs-Bandwidth-ap
	2x2
	SRS transmission bandwidth for a UE
	For non-continuous PUSCH region,  the signalling is doubled for supporting two patterns

	srs-HoppingBandwidth-ap
	2x2
	Frequency hop size
	For non-continuous PUSCH region, the signalling is doubled for supporting two  patterns

	freqDomainPosition-ap
	5+n
	Frequency domain position of the first SRS configured
	For non-continuous PUSCH region, additional n bits may be needed for the second pattern, and for indicating which channel-edge region to configure.


Finally, it remains to be considered whether aperiodic sounding could be triggered in both or either DCI formats 0A and 4.  Since sounding from multiple antennas is mostly beneficial when the UE is configured in multiple antenna mode, aperiodic sounding triggering should be supported at least in UL DCI format 4.
Proposal 4：Aperiodic sounding is supported at least in MAP mode by UL DCI format 4.
3 Triggering of aperiodic SRS by DL assignment
For DL assignment triggering of SRS, as analyzed in [7], it is envisioned that it is most beneficial for DL transmission that utilize short-term channel reciprocity, such as beamforming. In these transmission modes, triggering of aperiodic sounding by DL assignment is beneficial when there is only infrequent UL transmission. 
The benefits of DL assignment triggering for UL transmissions is not very obvious, as UL grants are regularly transmitted. Therefore it is proposed that
Proposal 4： If DL assignment triggering is supported, it should only be supported for transmission modes 7 and 8 with DCI formats 1 and 2b, and for the new DCI associated with transmission mode 9.
4 Multiple-shot SRS
Multiple-shot SRS was proposed to strengthen the system performance [8]. Two schemes can be utilized: frequency-hopping SRS or no-hopping SRS. 
Frequency-hopping SRS was proposed in [9]
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[10]. The scheme enables wideband sounding with multiple narrow-band SRS transmissions per triggering, which benefits cell-edge UEs since they can usually be configured with narrow-band transmission due to limited power. The benefit is more evident when the triggering chances for aperiodic SRS are few (e.g. UL scheduling is rare), because the scheme enables more frequent wideband sounding. More accurate wideband channel information can be available at eNB with this scheme, hence guaranteeing more reasonable scheduling. 
No-hopping SRS provides a way to repeat SRS in the same bandwidth for enhancement. The SINR for SRS detection can be enhanced with SRS repetition. This scheme guarantees satisfying SRS detection performance for each antenna from UE when even the maximum transmit power cannot support accurate channel sounding for multiple antennas with one shot transmission (even if the SRS bandwidth is as low as 4 PRBs). On the other hand, since the same SRS bandwidth is applied for all transmit antennas in current baseline, the interference for 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 with the scheme, so that interference to neighbor cells is reduced for each shot. Since the interval between adjacent SRS transmissions affects the sounding accuracy, this scheme is more applicable when the interval is short, e.g. when two symbols in UpPTS are reserved for SRS transmission in TDD systems.
In general, multiple-shot SRS brings the following benefits:
a) To enable wideband sounding with one trigger with limited power

b) To enable frequent wideband sounding when triggering chances are rare
c) To improve SRS detection performance and system efficiency
d) To guarantee satisfying SRS detection performance when maximum power cannot support accurate channel sounding for multiple antennas with one-shot transmission

e) To reduce interference to other cells for each shot

Proposal 5: Triggering a timer-based multiple-shot SRS from a single trigger is supported.
5 Conclusions

In this contribution, we analyzed the remaining issues for aperiodic SRS transmitted in Rel-8 SRS resources. For one-shot aperiodic SRS triggered by UL grant, it is proposed that
· Only CS is used for multiplexing different antennas, with the same Comb.
· To enhance the scheduling flexibility of aperiodic SRS, L1 selection of CS/Comb is supported.
· For Comb/CS selection, predefine two states via RRC signalling regardless of the number of configured antenna ports.
· Support the configuration of two aperiodic SRS patterns for one UE.
In addition we propose:

· Aperiodic sounding is supported at least in MAP mode by UL DCI format 4 
· If DL assignment triggering is supported, it should only be supported for transmission modes 7 and 8 with DCI formats 1 and 2b, and for the new DCI associated with transmission mode 9.
· Triggering a multiple-shot SRS from a timer-based single trigger is supported.
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