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1. Introduction
In RAN1 #60 meeting, dynamic aperiodic SRS is agreed as below [1]:
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In addition in RAN1 #60bis meeting, the following agreements have been reached [2]:
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In this contribution, we show our views regarding how to achieve a good design of dynamic aperiodic SRS, especially for the FFS parts on the above agreements to move forward on this topic.
2. Design criteria of dynamic aperiodic SRS
In Rel-10, UL multiple Tx antenna transmission would be supported to achieve higher throughput both for high geometry UEs by special multiplexing and low geometry UEs by precoding gain. According to our previous evaluation in [20], it was found out that more frequent SRS transmission is necessary for multiple Tx antenna case in order to avoid the performance degradation by the mis-calculation of precoders. Therefore, we think the motivation for the introduction of dynamic aperiodic SRS is the flexible resource management that mitigates the depletion of available SRS orthogonal resources (i.e. avoid to assign too many resources for the UEs that don’t transmit UL-SCH) as shown in Figure 1. The design direction can be summarized as following:
· eNB assigns less frequent SRS resource in the case when UL buffer is empty to achieve coarse but low overhead sounding.
· otherwise, the operation by single-antenna port mode would also be possible
· eNB assigns more frequent SRS resource considering buffer status to achieve fine sounding.
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Figure 1: Concept of dynamic aperiodic SRS
In this section, we describe our views for the following items tanking this target into account.
· Resource for dynamic SRS transmission
· Duration of the dynamic SRS transmission
· Triggering mechanism
2.1. Resource for dynamic SRS transmission

In the previous RAN 1 meeting, the resource for dynamic aperiodic SRS was discussed, but the detailed agreement has not reached [3-19]. From these discussions, the following options can be roughly categorized as the resource for dynamic aperiodic SRS.
option 1. Reuse Rel-8 periodic SRS resource 

· (i.e. the last SC-FDMA symbol of cell-specific SRS subframe)
option 2. use DMRS SC-FDMA symbol with unused cyclic shift or OCC
option 3. use SC-FDMA symbol(s) of PUSCH which is not used by periodic SRS transmission
As discussed in the other contributions, each scheme has each benefits and drawbacks. However considering the efforts for standardization or the impact analysis (e.g. intra-cell or inter-cell interference), it would be reasonable to reuse periodic SRS resource for dynamic aperiodic SRS and should be at least supported. Therefore, we propose:
Proposal 1:

· SRS resource for Rel-8 periodic SRS should be at least reused for dynamic aperiodic SRS transmission

· Resource management to avoid the collision is eNB matter

2.2. Duration of the dynamic SRS transmission
We evaluated a link level performance as below to check whether one-shot SRS is really useful for multiple Tx antenna transmission since received SINR of SRS SC-FDMA symbol generally varies due to the interference by co-scheduled SRS (especially for inter-cell interference) resulting in the decrease of precoding gain.
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	(1) 2x2 MIMO
	(2) 4x2 MIMO


Figure 2. link level simulation results under realistic sounding estimation

Figure 2 shows the simulation results for 2x2 and 4x2 antenna configurations. Table 1 in Annex shows the simulation assumptions for this evaluation. Considering the variation of received SINR would be several dB of standard deviation, dynamic aperiodic SRS for only one subframe would be meaningless for enjoyment of multi-antenna transmission because it is not able to contribute to measure accurate channel state. Therefore, we propose here that:
Proposal 2:

· dynamic aperiodic SRS should be designed considering transmission in multiple subframes by one trigger, targeting quality improvement in time domain and overhead reduction of PDCCH
2.3. Triggering mechanism 
In the last meeting, it was agreed that dynamic aperiodic SRS is triggered at least by PDCCH UL grants and that that by DL assignment is still FFS. This design would be efficient to reduce the number of blind decodings and PDCCH overhead because the redundant information of dynamic aperiodic SRS (e.g. CRC etc) can be unified in conjunction with UL-grant or DL-assignment. However, the triggering mechanism should be designed taking “when dynamic aperiodic SRS is required” into account, rather than overhead reduction.
In our view, it is preferable that dynamic aperiodic SRS can be triggered in advance of UL-SCH transmission because the resource usage for periodic SRS during no UL transmission should be kept as small as possible to reduce the resource depletion, and there might be no sounding information for the first transmission of UL-SCH. We think the triggering of dynamic aperiodic SRS should be available in the case when UL/DL-SCH transmission doesn’t exist.

Therefore, we propose that the mechanism to trigger dynamic aperiodic SRS without DL/UL data must be necessary in addition to the triggering by UL-grant or DL-assignment, which can potentially reduce the PDCCH overhead.
Proposal 3:

· Dynamic aperiodic SRS should be triggered irrespective of the existence of DL-SCH or UL-SCH.
· In addition, both UL-grant and DL-assignment can be used to trigger dynamic aperiodic SRS to reduce the PDCCH overhead in the case when DL-SCH or UL-SCH exists.
3. Conclusion

In this contribution, we showed our views for dynamic aperiodic SRS taking DL signaling aspect and performance into account. Our conclusion can be summarized as following:
· SRS resource for Rel-8 periodic SRS should be at least reused for dynamic aperiodic SRS transmission

· Resource management to avoid the collision is eNB matter

· dynamic aperiodic SRS should be designed considering transmission in multiple subframes by one trigger, targeting quality improvement in time domain and overhead reduction of PDCCH
· Dynamic aperiodic SRS should be triggered irrespective of the existence of DL-SCH or UL-SCH.

· In addition, both UL-grant and DL-assignment can be used to trigger dynamic aperiodic SRS to reduce the PDCCH overhead in the case when DL-SCH or UL-SCH exists.
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5. Annex

5.1. Simulation Assumptions

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2 and 4
Rx: 2

	Channel Model
	SCM urban macro

	
	Antenna Configuration
	Tx: co-polarized array with 0.5 λ spacing
Rx: co-polarized array with 10λ spacing

	
	UE mobility
	3 kmph

	Resource assignment for UE
	4 RBs

	Receiver Type
	Linear MMSE

	Rank adaptation
	On

	Link adaptation
	Target BLER = 10-1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation for demodulation
	Ideal

	Channel Estimation for CSI 
	Realistic (use of 1 or 5 subframe(s) for estimation)

	SRS configurations
	SRS bandwidth: 46 RBs
SRS transmission interval: 10 ms
Delay from SRS to PUSCH transmission: 8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4

	Codebook for precoding
	codebook in 36.814
























































































































































































































































Agreements:


Dynamic aperiodic SRS is supported


Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)































































































Agreements:


In case of aperiodic sounding, triggering is at least by PDCCH UL grants


FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time). 


Triggering in DL assignment is FFS


Details of what is triggered are FFS
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