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1. Introduction
In RAN1 #61 meeting, dynamic aperiodic SRS (A-SRS) is agreed as below [1]:
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In this contribution, we show our views regarding how to achieve a good design of A-SRS, especially for the FFS parts on the above agreements to move forward on this topic.
2. Discussions on A-SRS
In RAN1 #61 meeting, the introduction of multi-shot transmission of A-SRS was discussed. However, the consensus has not been reached. One of the concerns can be summarized that one-shot transmission can cover multi-shot transmission, thus multi-shot transmission is unnecessary. In our view, it is not always true because it highly depends on the mechanism and resources used for A-SRS. We should start from the clarification of the resource for A-SRS before the discussion on the duration of A-SRS because the aims that should be discussed are awfully different.
2.1. Resources used for A-SRS
In this contribution, we classify the possible resources used for A-SRS into two, as described in [2]. The conceptual diagram can be found in Figure 1. 
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Figure 1: Types of resources used for dynamic aperiodic SRS
2.1.1. In-band A-SRS
In-band A-SRS is a technique to assign the SRS region within the assigned PUSCH by triggering UL-grant as shown in Figure 1-(a). Note non-precoded DMRS based sounding can also be classified into this scheme. One of the major characteristics of this scheme is that there is no possibility of contention between other UEs because the assigned PUSCH RBs by UL-grant is occupied by only one UE (except for MU-MIMO). The overall pros and cons can be summarised as following:

· Pros

· no contention between UEs

· i.e. easy scheduling of A-SRS
· low overhead for triggering

· i.e. one bit indication of triggering is enough (indication of Cyclic Shifts or Transmission Comb is not necessary)
· flexible assignment of SC-FDMA symbols for A-SRS

· i.e. the number of SC-FDMA symbols can be configurable depending on the target quality
· Cons

· be unable to measure the channel state of unallocated RBs

· not efficient for frequency selection scheduling

· can’t be used without UL-grant (i.e. trigger by DL-assignment)

2.1.2. Out-band A-SRS

Out-band A-SRS is a technique to assign SRS region other than the assigned PUSCH by triggering UL-grant. Therefore, Out-band SRS doesn’t require PUSCH assignment and DL-assignment or group triggering can be used. The overall pros and cons can be summarized as following:
· Pros

· possible to measure the channel state of unallocated RBs
· suitable for frequency selection scheduling

· reuse of the existing resource, i.e. Rel-8 periodic SRS (P-SRS)

· reuse of the parameters for P-SRS
· Cons

· mechanism to avoid the collision between UEs is necessary
· potential necessity of CS, Transmission Comb or frequency position indication
· false activation by the miss detection of PDCCH
2.2. One-shot and multi-shot A-SRS

In the RAN1 #61 meeting, a couple of simulation results are shown by [3, 4] that justify the benefits of multi-shot A-SRS for the throughput improvements in the cell-edge UEs. Therefore, repeated sounding signals can obviously beneficial to know the accurate channel state, especially for the precoder calculation in the case of multi-Tx antenna UEs. In addition, another potential benefit of multi-shot A-SRS can be identified that the scheduling flexibility of SRS would be relaxed. In this section, we assess the necessity of multi-shot A-SRS from these two aspects.
2.2.1. Performance improvements for cell-edge UEs

It is no doubt that the repetition of SRS would contribute to improve the sounding accuracy targeting the selection of precoder and MCS. The issue is the mechanism of SRS transmission with minimum complexity considering that one-shot A-SRS can potentially cover multi-shot.
Our assumption how to use P-SRS, A-SRS and (precoded) DMRS for the sounding by cell-edge UEs with minimum SRS overhead can be summarized as Figure 2. P-SRS (with frequency hopping) is used to search the good channel. Once the eNB determines the preferable RBs, the eNB can assigns the same RBs for cell-edge UEs because the lower-throughput UEs are prioritized by PF manner. Then, A-SRS is transmitted to calculate the best precoder for the assigned RBs in addition to MCS calculation. Note that DMRS is not available for this purpose because DMRS is already precoded. The transmission of A-SRS should be repeated in order to achieve the enough sounding quality. Then, A-SRS can be turned off and DMRS can be used for MCS calculation instead as far as the channel state does not vary. The duration of A-SRS turn-off depends on UE mobility.
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Figure 2: Use case of P-SRS, A-SRS and DMRS for cell-edge UEs
In the case of In-band A-SRS, above mechanism can be realized easily as shown in Figure 3 because there is no contention issue and eNB has only to set the one-bit A-SRS trigger. In addition, In-band A-SRS is beneficial because smaller bandwidth transmission will never block full bandwidth A-SRS. In that sense, In-band A-SRS would be very beneficial for cell-edge UEs. Note that multi-shot A-SRS is obviously useless for In-band A-SRS because the accompanied container (e.g. PUSCH) should be assigned at the same subframe.
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Figure 3. Use case of In-band A-SRS for the cell-edge UEs
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Figure 4. Use case of Out-band A-SRS for the cell-edge UEs
Meanwhile, Out-band A-SRS can also be applied to cell-edge UEs as shown in Figure 4 by turning off the frequency hopping. In this case, frequency position of A-SRS (nRRC) should be indicated by eNB because the power limited UEs are not typically able to transmit full-bandwidth SRSs. Since it is unclear that more additional bits in UL grant is feasible at this moment, RAN 1 should study further how many additional bits are possible for the efficient sounding for cell-edge UEs.
Assuming that the in-band A-SRS and the multi-shot A-SRS are unavailable, PUSCH should be granted at the same timing as A-SRS transmission. However, it is not always guaranteed because SPS UEs may block PUSCH assignment. Compared to In-band A-SRS, the flexibility of A-SRS scheduling is not so high and this blocking probability will cause the complexity of scheduler algorithm. If multi-shot A-SRS is possible, the complexity of eNB scheduler would be relaxed because it is not necessary for the eNB to care the collision of PUSCH for second or later transmission timing of A-SRS.
As a result, we can conclude that 
· In-band A-SRS is more beneficial for cell-edge UEs

· If only Out-band A-SRS is available (specified),
· multi-shot is necessary to relax the scheduling complexity of A-SRS
2.2.2. Scheduling flexibility for high-geometry UEs
Another benefit of multi-shot A-SRS is the flexibility of the resource assignment of A-SRS to avoid the collision between UE. Although the performance benefit described above is important, we think the benefit for A-SRS scheduling flexibility is more important depending on the strategy how to use A-SRS.
Figure 5 shows the use case of A-SRS for high geometry UEs. Unlike with cell-edge UEs, the position of RBs is not fixed because the priority would be middle or low by PF manner. Therefore, the use of DMRS or In-band A-SRS is not suitable for these UEs.

For Out-band A-SRS, the parameters such as transmission comb, transmission bandwidth and bandwidth position should be reused from P-SRS as much as possible. However, cyclic shift indication should be realized by L1 manner in order to achieve the flexible paring of UEs (CDMA). It might be beneficial to use implicit mapping using CSI (cyclic shift index) of UL DMRS. However, CSI is used for PHICH indication and DMRS orthogonality in the case of MU-MIMO. It is not preferable to impose additional restriction for eNB scheduler. Meanwhile, multi-shot A-SRS can relax the complexity of CSI selection because the number of A-SRS trigger can be drastically reduced.
Therefore, our observation can be summarized as following:

· multi-shot SRS can relax the complexity of the scheduling of A-SRS


[image: image6.emf]f

t

P-SRS transmission for rough channel measurement

A-SRS transmission for precoder calculation

PUSCH assignment

 
Figure 5: Use case of P-SRS, A-SRS for high geometry UEs
3. Conclusion

In this contribution, we showed the necessity of multi-shot dynamic aperiodic SRS (A-SRS). Our observation can be summarized as following:
· multi-shot A-SRS is necessary

· for cell-edge UEs

· In-band A-SRS would be more preferable

· in this case, multi-shot is not necessary

· if Out-band A-SRS is the only possible solution, 

· multi-shot is desirable because it can relax the eNB complexity to assign UL grant with trigger at the certain timing

· for high geometry UEs

· In-band A-SRS is not necessary

· multi-shot A-SRS is highly recommended because it can relax the eNB scheduler complexity to make the pair between UEs (CDMA)
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Agreements:


One-shot SRS transmission is supported.


In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space


Continue email discussion until RAN1#61bis


Support of other SRS durations is FFS 


Resources used for aperiodic SRS


Support of aperiodic triggering by DL grant?


In case of UL triggering, allow triggering without PUSCH grant?


Support of group triggering
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