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1 Introduction
At RAN1#63 meeting, several aspects of dynamic aperiodic SRS were discussed and the following agreements on aperiodic SRS were reached [1],
· As in Rel-8, UE-specific A-SRS subframe is determined by periodicity and offset

· UE-specific A-SRS subframes is a subset of cell-specific subframes 

· The values for periodicity and offset are defined as in Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213.

· FFS whether all or a subset of the table is used

· For DCI format 4 

· 2 bits are added for SRS triggering and parameter

· 1 state indicates no aperiodic SRS activation

· The other 3 states are used to indicate 3  sets of RRC-configured aperiodic SRS transmission parameters

· FFS if number of CCs and indices of CCs are indicated by DCI format 4.

And the following issues would be discussed in this meeting:
· Frequency hopping is supported 

· Rel-8/9 frequency hopping mechanism is reused 

· Aperiodic SRS frequency resources are determined by the subframe index in which aperiodic SRS is transmitted

· Multi-shot is supported, if frequency hopping is configured

This contribution gives our views on the remaining issues of aperiodic SRS.
2 Discussion
2.1 UE-specific periodicity and offset for aperiodic SRS
In RAN1 #60, to alleviate SRS resource shortage in LTE-A due to the support of SU-MIMO, it was decided that dynamic aperiodic sounding is supported expecting such additional SRS scheduling flexibility can optimize the SRS resource utilization. Intuitively, the introducing of dynamic aperiodic sounding can optimize the usage of SRS resource by dynamically triggering them only when necessary, however, which depends on the SRS resource allocation. At the last meeting, it was agreed to introduce UE-specific periodicity and offset for aperiodic SRS, which is similar to that of periodic SRS in R8, which is seen as a means to handle the collision between aperiodic SRS and periodic SRS. It does not target to configure long UE-specific periodicity for A-SRS. Short UE-specific periodicity should be configured for A-SRS, for example, high layer overhead can be reduced to 4 bits from 10 bits by using the table 1 as follow
Table 1: Short UE Specific A-SRS Periodicity 
	SRS Configuration Index ISRS
	A-SRS Periodicity [image: image1.wmf]SRS

T

 (ms)
	A-SRS Subframe Offset [image: image2.wmf]offset

T



	0 – 1
	2
	ISRS

	2 – 6
	5
	ISRS – 2

	7 – 16
	10
	ISRS – 7


Another alternative is: all values for periodicity and offset are defined as in Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213. eNB can schedule the UE for A-SRS transmission by configuring short UE-specific periodicity, which is left to eNB implementation. Signalling bits for large periodicity need to be reserved.
Proposal 1: Short UE-specific periodicity configuration which is the subset of Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213 should be defined for A-SRS.
2.2 Need for number of CCs and indices of CCs indicated by DCI format 4
At last meeting, 2 bits are added for SRS triggering and parameter in DCI format 4. Some company argued that whether the number of CCs and indices of CCs are indicated by DCI format 4. In [2][3], the details of triggering of dynamic aperiodic SRS in the case of multiple UL CCs were discussed and it was proposed that in principle it should be possible to trigger aperiodic SRS on multiple UL CCs without having to send multiple UL grants. However, it seems no clear need to trigger aperiodic SRS for multiple CC using one UL grant considering the following:

· It has been agreed in RAN2 that the SRS is not transmitted on deactivated CC. On activated CCs, every CC has own grants, the A-SRS can be triggered by those grants on a need basis. 

· Every CC has own periodic SRS configuration. A-SRS can be seen as complementary mechanism to Periodic SRS only when necessary and should be used in conjunction with periodic SRS.  It is not essential to trigger aperiodic SRS to satisfy the need of long-term channel estimation as P-SRS can satisfy those purposes. In our view, the aperiodic SRS should be mainly used only in case of traffic transmission, in particular, UL MIMO transmission. 

· It is acceptable that the initial scheduling on a certain CC is conservative. And the configured periodic SRS would be transmitted once a CC is activated, which can provide the information for initial scheduling. After initial scheduling, the A-SRS can be triggered by this CC's own grant. So there is also no strong need to trigger A-SRS on one activated CC before scheduling via other CC's grant.  A simpler triggering mechanism is preferred before the benefit of cross-CC triggering is justified.
Proposal 2: In case of multiple CCs, it should be the baseline that aperiodic SRS on each CC is triggered by each CC’s own UL/DL grant respectively. Cross-CC aperiodic SRS triggering is not considered in R10. 
2.3 Frequency hopping for A-SRS
For frequency-dependent scheduling and improving the sounding power spectral density of power-limited UEs, the network may need to trigger multiple narrow band aperiodic SRS transmission several times. To enhance the triggering and save signalling overhead, multi-shots aperiodic SRS transmission per trigger can be considered. One shot aperiodic SRS can be a special case of time-based aperiodic SRS transmission as the duration can be configured by higher layer. Multi-shot transmission can improve the average cell throughput and cell-edge throughput due to increased opportunity to trigger. One issue for multi-shot sounding is that Multi-shot may cause scheduling complexity to control the collision between UEs. However, the agreement at RAN1#63 meeting about UE-specific A-SRS subframe can address it. The scheduling complexity can be reduced by configuring UE-specific SRS periodicity and offset for the multi-shot aperiodic SRS transmission.
If multi-shot SRS is agreed, frequency hopping among the multiple shots should be considered for wider sounding BW. The configuration and hopping mechanism can be similar to that of periodic SRS in R8, the hopping pattern is partly defined by the UE-specific SRS transmission number.
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Alternatively, to enhance A-SRS coverage efficiently, multi-shot SRS transmissions can be send in the same bandwidth. 

Proposal 3: Frequency hopping among the multiple shots is needed，the hopping mechanism can be similar to that of periodic SRS in R8.
3 Conclusion
In this contribution, we further provide our views on the remaining issues of aperiodic SRS. 
We propose:

1. Short UE-specific periodicity configuration which is the subset of Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213 should be defined for A-SRS.
2. In case of multiple CCs, it should be the baseline that aperiodic SRS on each CC is triggered by each CC’s own UL/DL grant respectively. Cross-CC aperiodic SRS triggering is not considered in R10.
3. Adopt frequency hopping among the multiple shots，the hopping mechanism can be similar to that of periodic SRS in R8.
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