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1 Introduction
At RAN1#62bis meeting, several aspects of dynamic aperiodic SRS were discussed and the following agreement on aperiodic SRS was achieved [1],

· DCI Format 4

· 2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters

· 1 state indicates no aperiodic SRS activation

· FFS for exact RRC-configured aperiodic SRS parameters

· E.g. cyclic shift, comb, bandwidth, position
· DCI Format 0 

· 1 new bit (RRC-configured) indicates aperiodic SRS activation

· Aperiodic SRS activation is not supported in UE Common Search Space

And the following issues would be discussion in this meeting:
· DCI Format 0 

· If the bit is activated, 1 code-point indicates whether aperiodic SRS transmission is based on parameters

· If the code-point is validated, the following is configured via the DCI Format 0 
· Baseline is no data Tx in this mode of operation

· FFS if data Tx is allowed in this mode of operation

· FFS which code-point

· FFS which/how aperiodic SRS transmission parameters are configured (e.g. carrier indication, PRB allocation, BW position, etc.)

· Target conclusion at next meeting

· Otherwise,

· Configured via RRC (a single set of parameters)
· Rel-8 SRS hopping mechanism is supported for both DCI format 0 and 4

· The hopping pattern defines the SRS bandwidth position in a sub-frame.

This contribution gives our views on the remaining issues of aperiodic SRS.
2 Discussion
2.1 Signalling for aperiodic SRS
(1) DCI format 0 without PUSCH transmission 
For DCI format 0, 1 new bit (RRC-configured) indicates aperiodic SRS activation. If the bit is activated, 1 code-point indicates whether aperiodic SRS transmission is based on parameters. The code-point is used to distinguish aperiodic SRS parameters configured by DCI signaling or by RRC. A straightforward way is to use all ‘1’ of RIV to indicate that the DCI is used for dynamic SRS resource configuration. Another proposed way [2] is to use ‘11’ on MSB of RIV (‘1111’ for 3 MHz BW) instead of all ‘1’ to indicate that the DCI is used for dynamic SRS resource configuration. If the code-point is agreed, we could design which aperiodic SRS transmission parameters are configured and whether DCI format 0 payload is enough or not. If flexibility is the most important concern, all parameters should be transmitted on DCI format 0; and if DCI format 0 capacity is limited or code-point is invalid, aperiodic SRS transmission parameters can be configured by RRC signaling.

In DCI format 0, it will be at least 12 bit (MCS-5bits, NDI-1bits, TPC-2bits, Cyclic shift for DMRS and OCC-3bits, CQI request-1bit) for FDD, which can be redefined for the dynamic SRS resource parameters except for flag of format0/format1A differentiation, multi-cluster flag, frequency hopping flag, resource block assignment and hopping resource allocation. In table 1, we list SRS information elements and their payload sizes. 16 or 18 bits are needed to configure SRS transmission. If all configuration elements in the table will be on DCI format 0, the available 12 bits is not enough, we need to consider the available bit in RIV field. 
Proposal:
· Which aperiodic SRS transmission parameters are configured should be agreed firstly, and then which code-point is used can be considered.
Table 1: SRS Transmission configuration through an UL grant without PUSCH

	SRS Information Element
	Number of Bits
	Comment

	UL CC Indicator
	  2
	Three states indicate which CC, one state indicator all CC

	Transmission Comb
	1
	Two combs

	SRS Cyclic Shift
	3
	Eight cyclic shifts

	Transmission BW
	  2
	Four SRS BWs per operating BW

	Hopping BW
	2
	Hopping Bandwidth

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

	 SRS Hopping
	1
	It’s no need to SRS hopping if only one-shot SRS

trigger is supported

	TPC
	2
	TPC bits

	TOTAL
	16 or 18
	


(2) DCI format 4

If the RRC signalling overhead is not an issue for configuring dynamic SRS transmissions, the set of aperiodic SRS parameters can be left to eNB by RRC signaling, and the most appropriate parameters will be selected for maximal flexibility.
If RRC signaling overhead is an issue for design, we could narrow down parameters of SRS Transmission configuration, and some parameters can be implicit indicated. For example,
1） SRS frequency position
It can be the same frequency position of aperiodic SRS and periodic SRS. 
2） SRS Transmission BW
The A-SRS transmission BW can be configured as the maximum cell-specific SRS BW or the second largest cell-specific SRS BW in [3]. e.g. The maximum cell-specific SRS BW if the periodic SRS BW is either the maximum or the second largest one, or the second largest cell-specific SRS BW if the periodic SRS BW is the third largest or the minimum one. It can be configured.
Then, the cyclic shift and comb parameters can be RRC-configured, and using 2 or 3 new bits in DCI format 4 to indicated one from 3 or 7 candidates. Flexible configuration of cyclic shift and comb can reduce the SRS resource conflicts between UEs and improve resources utilization. If more overhead is acceptable by RRC, SRS frequency position can be RRC-configured.
The 3 bit trigger is more flexible from resource collision control point of view, but additional PDCCH overhead and better SINR is needed for PDCCH detection. In addition, TDMA of resource will be obviously suitable for eNB to control interference. So we think 2 bit trigger is enough to provide flexible SRS resource allocation. 
Proposals:

· At least multiple cyclic shift and comb parameters for aperiodic SRS can be configured to a certain UE if RRC signaling overhead is an issue for design.
· 2 new bits indicate 3 sets of RRC-configured aperiodic SRS transmission parameters in DCI format 4.
2.2 Aperiodic SRS transmission from multiple antennas
Regarding simultaneous aperiodic SRS transmissions for multiple UL antennas in case of MIMO, it was agreed that both CS and comb can be used for multiplexing different antennas and further discussion is needed to try to narrow down a single way. In reality, UE specific SRS bandwidths in two combs are usually different, e.g. UE with largest SRS BW are multiplexed on comb 1, while UE with modest/small bandwidth are multiplexed on comb 2. So it is not suitable to multiplex SRS from different antennas via comb; otherwise significant complexity/restriction is imposed to eNB scheduler. In addition, it is straightforward to tie the simultaneous aperiodic SRS transmissions for multiple UL antennas with the configuration of UL MIMO mode.

Proposal:

· It is not suitable to multiplex SRS from different antennas via comb.
2.3 PUCCH-SRS-Simultaneous transmission
In Rel-8, simultaneous transmission normal PUCCH and SRS is not supported. In RAN1 55bis, simultaneous transmission of PUCCH and PUSCH is supported. From UE point of view, if PUCCH-PUSCH-SimultaneousTransmission is viable, it is straightforward that simultaneous transmission of normal PUCCH and SRS can be supported without the need of keeping single carrier property. To reduce the unwanted performance loss of dropping SRS when PUCCH-PUSCH-SimultaneousTransmission is true, simultaneous transmission of normal PUCCH and SRS should be supported. 
For Rel-10 UE, while PUCCH and SRS are coincided in one subframe,
 If PUCCH-PUSCH-SimultaneousTransmission is true,
(1) When shortened format PUCCH and SRS are coincided, SRS is transmitted in the last symbol and PUCCH using shorten format.

(2) When normal format PUCCH and SRS are coincided, SRS is transmitted in the last symbol and PUCCH using normal format.

If PUCCH-PUSCH-SimultaneousTransmission is false,
(1) If ackNackSRS-SimultaneousTransmission is true, SRS is transmitted in the last symbol and ACK/NACK is transmitted using shortened PUCCH format.
(2) If ackNackSRS-SimultaneousTransmission is false, SRS is dropped and ACK/NACK is transmitted using normal PUCCH format.
(3) When PUCCH format 2 with periodic CSI and aperiodic SRS without PUSCH are coincided, periodic CSI is dropped and aperiodic SRS is transmitted.
(4) When PUCCH format 2 with periodic CSI and periodic SRS are coincided, periodic CSI is transmitted and periodic SRS is dropped.
To reduce the unwanted performance loss of dropping SRS when PUCCH-PUSCH-SimultaneousTransmission is true, simultaneous transmission of normal PUCCH and A-SRS should be supported. The same behaviour can also be applied to periodic SRS.
3 Conclusion
In this contribution, we further provide our views on the remaining issues of aperiodic SRS. 
We propose:

1. Which aperiodic SRS transmission parameters are configured should be agreed firstly, and then which code-point is used can be considered.
2. At least multiple cyclic shift and comb parameters for aperiodic SRS can be configured to a certain UE if RRC signalling overhead is an issue for design.

3. 2 new bits indicate 3 sets of RRC-configured aperiodic SRS transmission parameters in DCI format 4.
4. It is not suitable to multiplex SRS from different antennas via comb.
5. When PUCCH-PUSCH-SimultaneousTransmission is true, simultaneous transmission of normal PUCCH and SRS should be supported. If PUCCH-PUSCH-SimultaneousTransmission is false, when PUCCH format 2 with periodic CSI and aperiodic SRS without PUSCH are coincided, periodic CSI is dropped and aperiodic SRS is transmitted. When PUCCH format 2 with periodic CSI and periodic SRS are coincided, periodic CSI is transmitted and periodic SRS is dropped.
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