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1. Introduction

It was agreed in RAN1#60 to newly support the dynamic aperiodic sounding reference signal (SRS) for Rel-10. In the RAN1#60bis meeting, RAN1 discussed the details of the dynamic aperiodic SRS and then the following points were agreed for detail design of the dynamic aperiodic SRS. 

· 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

It is regarded that the transmission of activation/deactivation message by PDCCH is an effective manner to realize the dynamic aperiodic SRS. However, it will be better for us to see both drawbacks and advantages of every new proposal.

This contribution shows issues of solely relying on PDCCH and shows one possible solution to solve them. In addition, an analysis on the necessity of DL-grants is also presented in this contribution.

2. Issues of Dynamic Aperiodic SRS Triggered Only by PDCCH
It is effective to use PDCCH for triggering the dynamic aperiodic SRS because of the instantaneous property of physical layer channels. Such an immediacy of PDCCH fits with the objective of introduction of the dynamic aperiodic SRS. This property will give us more accurate channel estimation results in UL. 
Ref. [1] provides a new DCI format for the purpose of the dynamic aperiodic SRS. Assuming that we develop such a new DCI format, however, due to the limited PDCCH resources, there are two concerns as follows.

(1) The new DCI for the dynamic aperiodic SRS may not be sent due to the CCE collision in PDCCH. This will lose the occasion of initiating transmissions of the dynamic aperiodic SRS.
(2) Transmissions of the new DCI may consume the limited PDCCH resources. This may cause the cases where the other important DCIs such as UL- and DL-grants are not transmitted.

One simple way to reduce the number of the new DCIs is to modify the existing DCIs in Rel-8 just by including all the necessary information elements (IEs) for the dynamic aperiodic SRS and then to allow us to send the modified DCIs only when we transmit the existing DCIs. 
However, if the existing DCIs include all the necessary IEs related to the dynamic aperiodic SRS such as the activation/deactivation and the SRS resource allocation, the CCE size of the DCIs may become around double. This will increase the collision probability of CCEs.

Based on the above analysis, it is better to find a solution to minimize consumptions and collisions of the PDCCH resources, while allowing us to trigger the dynamic aperiodic SRS over PDCCH.
3. Proposals for Detail Design of Dynamic Aperiodic SRS
3.1. Utilization of both DCI in PDCCH and RRC signaling
Table 1 in Ref. [1] presents a new DCI format specialized for the dynamic aperiodic SRS transmission. One of the IEs is named “SRS Activation,” which commands the UE to activate (start) or deactivate (stop) the dynamic aperiodic SRS associated with the SRS resource listed in the new DCI format.
Table: Copy of “Table 1 in Ref. [1]”
	SRS Information Element
	Number of Bits
	Comment

	SRS Activation
	1
	Interpretation of DCI format

	Frequency Hopping Flag
	1
	Frequency Hopping Flag for PUSCH

	UL Component Carrier
	1
	Same or different UL CC

	Transmission BW
	2
	Four SRS BWs per operating BW

	Frequency Position
	3 or 5
	Starting BW Position (3 bits for <=5 MHz)

	Transmission Comb
	1
	Two combs

	SRS Cyclic Shift
	3
	Eight cyclic shifts

	Sub-Frame Offset
	8
	Sub-Frame Offset if Same CC

	Periodicity

or

UL CC Indicator
	3
	SRS Periodicity Indication if same UL CC

or

UL CC Indication if Different UL CC

	 SRS Hopping
	1
	SRS Hopping On/Off

	Duration
	0
	One-Shot (if different CC) or Semi-Persistent (if same CC)

	SRS BW Configuration
	0
	One-shot or already known through SIB

	CRC (C-RNTI)
	16
	C-RNTI masked in the CRC

	TOTAL
	40 or 42
	


It is noted that Table 1 in Ref. [1] includes IEs of both “SRS Activation” and “SRS resource allocation (such as Transmission BW and Comb)” and the size of the new DCI becomes 40 or 42 bits. However, as in Section 2, it would be better to reconsider the new DCI format prepared for triggering the dynamic aperiodic SRS.

Assuming that the SRS resources used for the dynamic aperiodic SRS may not change so often, the IEs including the SRS resource allocation can be sent to the UE via RRC signaling. And PDCCH is used only for sending the “SRS Activation” IE for the dynamic aperiodic SRS.
Two options can be considered to send the “SRS Activation” using DCI formats as follows.
· A new DCI format only for “SRS Activation”
· This DCI format includes “SRS Activation” IE and CRC. 
· Modified DCI format(s) of Rel-8
· Add one IE of “SRS Activation” to the existing DCI formats of Rel-8.
It is better to basically use the modified DCI formats to solve the issues in Section 2. The new DCI as described above may be effective when we do not have UL- and DL-grants to be sent at an appropriate timing. This will be effective especially when we want to deactivate the dynamic aperiodic SRS transmissions. 

It is noted that a new RRC message should be developed to carry the IEs that include the SRS resource allocation information for the dynamic aperiodic SRS. We can refer to Table 1 in [1] to finalize the IEs, although we need to further add another IE to express the transmission antenna among multiple antennas in UL.
3.2. Necessity of Triggering by DL-Grants
Usage of DL-grants in addition to UL-grants certainly increases the opportunity to trigger the activation/deactivation of the dynamic aperiodic SRS. This makes eNBs be given more flexibility. 

However, it is better to further analyze whether or not the introduction of DL-grants for triggering the dynamic aperiodic SRS are worthwhile. There will be several viewpoints for such a further analysis. Here, an analysis from the viewpoint of the application traffic is presented.

· When application traffic is carried over TCP, the traffic requires both UL and DL transmissions because TCP-ACK packet should be transmitted to the sender. Considering a case of uploading application traffic from an UE using TCP, the majority of traffic volume exists in UL rather than DL. In this case, UL-grants will be indispensably transmitted to the UE to assign PUSCH resources. Hence, we do not see any necessity of DL-grants for the dynamic aperiodic SRS. On the opposite case, where an UE downloads application traffic over TCP, the UL traffic occurs only when the UE transmit TCP-ACK packets, each of which has a small size (e.g., 40Byte=320bits). In this case, we may not have to execute frequency selective scheduling and UL-MIMO transmissions, although we can use UL-grants for the dynamic aperiodic SRS.

· When application traffic is carried over UDP, UDP traffic requires only one way transmission. In the UL streaming case, UL-grants will be sent to the UE to assign PUSCH resources to carry the UDP traffic. On the other hand, in the DL streaming case, there is no need to assign PUSCH resources. In both cases, we do not see the necessity of DL-grants for the dynamic aperiodic SRS.
As a result of the above analysis from one aspect in terms of application layer traffic, it seems that we do not see any necessity of DL-grants for the dynamic aperiodic SRS.
However, we may need to do further analyses from the other aspects.

3.3. Others
The following schemes should be considered for the dynamic aperiodic SRS.

· Sequential transmissions of dynamic aperiodic SRS during the period from the activated timing until the deactivated timing

· Hopping flag (hopping or non-hopping) during the period above
4. Conclusion

This contribution presented issues of relying only on PDCCH for the dynamic aperiodic SRS and showed one possible solution, in which both PDCCH and RRC are used. In addition, an analysis on the necessity of DL-grants is also presented from the viewpoint of TCP and UDP traffic. 

The summary of this contribution is as follows.

· Considering the limited PDCCH resources, it is better to come up with an effective triggering scheme that minimizes the increase of PDCCH resource usages and PDCCH collisions. One solution to overcome this issue is the following.
· To utilize both PDCCH and RRC signaling

· PDCCH is used only for sending the information of “activation/deactivation” of the dynamic aperiodic SRS

· RRC message is used for sending the SRS resource information for the dynamic aperiodic SRS
· According to our analysis from the viewpoint of both TCP and UDP traffic, we do not see the necessity of the DL-grants for triggering the dynamic aperiodic SRS. Further discussions may be needed if there are other observations from the different viewpoints.
· It will be better to allow the dynamic aperiodic SRS transmissions to hop entire bandwidth considering UEs that are not able to transmit the entire bandwidth due to the transmission power limitation.
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