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1 Introduction

In RAN1#62bis it was agreed that dynamic (aperiodic) SRS transmissions are triggered by:

a) DCI Format 4 using 2 or 3 new bits to indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters

a. 1 state indicates no aperiodic SRS activation

b. FFS for exact RRC-configured aperiodic SRS parameters

b) DCI Format 0 

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

For discussion at the RAN1#63, in addition to the above FFS aspects, are the following:

a) DCI Format 0 
a. If the bit is activated, 1 code-point indicates whether aperiodic SRS is based on parameters
i. If the code-point is validated, the following is configured via the DCI Format 0 
1. Baseline is no data Tx in this mode of operation (FFS if data Tx is allowed)
2. FFS which code-point
3. FFS which/how aperiodic SRS transmission parameters are configured (e.g. carrier indication, PRB allocation, BW position, etc.)
4. Target conclusion at next meeting
ii. Otherwise,
1. Configured via RRC (a single set of parameters)
b) Rel-8 SRS hopping mechanism is supported for both DCI format 0 and 4
a. The hopping pattern defines the SRS bandwidth position in a sub-frame
This contribution addresses the remaining (FFS) aspects related to the aperiodic SRS transmission. As the activation of aperiodic SRS with DCI Format 0 is more important than the one with DCI Format 4 (e.g. more UEs with 1 Tx antenna and the main use case of aperiodic SRS is to have periodic SRS from a single Tx antenna and activate aperiodic SRS from multiple UE antennas) it is important for the efficient use of aperiodic SRS that DCI Format 0 provides more flexibility and robustness for the configuration of the SRS transmission parameters and this is analytically quantified.
2 Aperiodic SRS Configuration with DCI Formats 
2.1 Feasibility for Only RRC-Configured Resources (DCI Format 0)
Assigning RRC-configured resources to aperiodic SRS transmission has many similarities with the assignment of RRC-configured resources for PUCCH HARQ-ACK transmission with CA as a very large overhead can occur in both cases. For the HARQ-ACK transmission, this issue was addressed though the introduction of the ARI field [3] to index the RRC-configured HARQ-ACK resource in order to allow resource compression (multiple UEs sharing the same resource) while avoiding collisions with minimal/no scheduler restrictions. The need to dynamically configure and compress the respective resources for aperiodic SRS transmissions is much greater as all UEs can benefit from aperiodic SRS transmission (while only a small percentage of UEs is configured with CA) and the number of aperiodic SRS resources that need to be allocated to a UE scales with the number of its transmitter antennas. 

Dynamic configuration of aperiodic SRS resources is generally not possible with DCI Format 0 scheduling data transmission as no additional bits are introduced other than the SRS activation bit. Some alternatives to provide some configurability while scheduling data transmissions include the use of the 3 CSI IE bits and/or the use of odd/even 
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 values. The respective restrictions may be tolerable as they only occur when aperiodic SRS is activated (assumed to happen only for a fraction of scheduled UEs per sub-frame).  
The probability of aperiodic SRS resource collision depends on many parameters including the aperiodic SRS overhead, the percentage of UEs activated aperiodic SRS with DCI Format 0, the number of UEs with multiple transmitter antennas, and so on. Semi-statically allocating a large number of resources for aperiodic SRS results to a large overhead and this is against the motivation for introducing aperiodic SRS. Also, in order to avoid wasting RRC configured aperiodic SRS resources, at least one of the UEs sharing them should be scheduled and have aperiodic SRS activation. 
An exact evaluation of the aperiodic SRS resource collision probability, either analytical or through simulations, needs to consider many aspects as it is a function of multiple parameters. Table 1 presents an analytical evaluation following a series of optimistic assumptions for the aperiodic SRS resource collision probability.

Table 1: Collision Probability of RRC-Configured Aperiodic SRS Resources – Evaluation Assumptions.

	Parameter
	Value
	Comment

	Bandwidth
	10 MHz
	System BW

	RRC-Connected UEs
	800
	800-1300 UEs are RRC-Connected at 10 MHz – number roughly scales with BW [1]. Optimistically assume 800 UEs.

	RRC-Connected, non-DRX UEs 
	400
	~50% of UEs are in non-DRX

	UEs with non-empty buffer
	40
	10% of non-DRX, RRC-Connected UEs have data to transmit – optimistic assumption considering only average loadings

	Possible aperiodic SRS occasions per sub-frame
	15
	10 SIMO UEs + 2 MU-MIMO UEs + 3 UEs with >1 antenna

	Actual aperiodic SRS occasions per sub-frame (on average)
	5
	1 out of 3 UEs (dynamic scheduling) is activated aperiodic SRS

	Aperiodic SRS resources relative to total SRS resources
	25%
	Large Aperiodic SRS overhead – optimistic assumption

	Number of Aperiodic SRS resources
	Total of 6                  2 (maximum BW)    4 (2nd maximum BW)
	DMRS is not precoded ( can be used instead of smallest SRS BWs. Only 1 UE with 2/4 Tx antennas can be supported for aperiodic SRS with maximum/second_maximum BW.  

	 Number of UEs Sharing Same Aperiodic SRS Resource
	40/(2+4) ~= 7
	7 UEs are RRC-configured same aperiodic SRS resource

	Probability of Aperiodic SRS Resource Collision
	~40%
	Probability that 2 out of 5 aperiodic SRS share same resource 


Obviously, a 40% aperiodic SRS collision probability (which is even obtained under optimistic assumptions) largely negates the gains from the introduction of aperiodic SRS and relying on the aperiodic SRS may actually prove detrimental to the overall system operation if it cannot be activated because of collisions. It is noted that the collision probability will further increase for 20 MHz BW (more UEs), for peak traffic conditions (which are of most interest), and when a bigger reliance is placed on the aperiodic SRS to reduce the periodic SRS overhead (main reason for introducing aperiodic SRS). The results/conclusions are similar with those in [2] although the assumptions were different (e.g. 12 aperiodic SRS resources per sub-frame were assumed in [2]). 
DCI Format 0 should therefore be able to configure the aperiodic SRS transmission parameters, particularly to support aperiodic SRS transmissions from multiple UE antennas. This is similar to the Rel.8 scenario using DCI Format 0 to configure only aperiodic CQI transmissions. 
2.2 Using DCI Format 0 to configure Aperiodic SRS 

DCI Format 0 has a sufficient payload to configure all aperiodic SRS transmission parameters [3]. Regarding the code-point indicating whether DCI Format 0 configures the aperiodic SRS transmission parameters or whether the RRC-configured resource is used, the same code-point as in Rel.8 for configuration of aperiodic CQI transmission can be used. That is, the combination of “Aperiodic SRS Activation” =1, 
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 can be used. However, as this consumes many bits in DCI Format 0, a more attractive alternative is to use a reserved CSI value (only in case the “Aperiodic SRS Activation” bit is set to 1) or use an invalid resource allocation.     
Moreover, dynamic configuration of aperiodic SRS transmission parameters allows overhead minimization, flexibility in activating aperiodic SRS transmissions from multiple antennas, and optimum resource sharing with the periodic SRS.  

2.3 Using DCI Format 1A to Configure Aperiodic SRS

DCI Format 1A is a natural candidate for the activation of aperiodic SRS using DL DCI Formats as it is decoded by all UEs and an additional bit is introduced to match the size of DCI Format 0 when the “Aperiodic SRS Activation” bit is used. However, unlike DCI Format 0, additional parameters are needed with the use of DCI Format 1A for aperiodic SRS activation. These parameters include at least a TPC field for controlling the transmission power of the aperiodic SRS (relative to the transmission power of the last PUSCH transmission). Although DCI Format 1A cannot provide TPC for the aperiodic SRS while also scheduling PDSCH transmission, it can be used to configure the aperiodic SRS transmission parameters without scheduling PDSCH. A respective code-point can be based on existing ones used in Rel.8 (e.g. RV = 3 with/out MCS restriction).
2.4 Using DCI Format 4 to Configure Aperiodic SRS
The only remaining issue concerns the number of bits for configuring the aperiodic SRS parameters. As UEs configured UL SU-MIMO are not expected to be power limited (not expected to experience a large path-loss), the cost of 1 additional bit in DCI Format 4 (3 bits instead of 2 bits) for configuring the aperiodic SRS transmission is marginal compared to the additional flexibility it provides (7 instead of 4 RRC configured resources can be addressed). This flexibility is important considering that multiple aperiodic SRS transmissions will be activated with DCI Format 4 (for the multiple UE transmitter antennas) and that the aperiodic SRS resources need to be shared with periodic SRS ones.   
3 Aperiodic SRS Parameters  

The parameters for aperiodic SRS transmission should include all the ones for periodic SRS transmission. Therefore, the parameters for aperiodic SRS transmission include: bandwidth, frequency position, cyclic shift, comb, and sub-frame offset. The reason for configuring the sub-frame offset is to provide flexibility for multiplexing aperiodic SRS transmissions from different UEs with activation in the same sub-frame and for multiplexing aperiodic SRS and periodic SRS transmissions. The aperiodic SRS transmission parameters from multiple UE antennas may also be RRC configured or implicitly determined. As the BW and frequency position will be the same for the aperiodic SRS transmission from all UE antennas, only each cyclic shift and comb need to be additionally specified.

It is also worth considering revisiting the decision to constrain the aperiodic SRS transmission to occur at least after 4 UL sub-frames after the reception of DCI Format 0 or DCI Format 4. The reasons for this delay in data transmission are primarily for allowing time to synchronize the MAC and PHY layers for data encoding and for the encoding process itself. These reasons do not apply for aperiodic SRS transmission and a delay of just 1 UL sub-frame seems sufficient. Minimizing the aperiodic SRS transmission delay maximizes the benefits and functionality of aperiodic SRS. RAN4 can indicate the minimum number of UL sub-frames before aperiodic SRS transmission can occur.
4 Conclusions

This contribution considered the remaining issues regarding the configuration of aperiodic SRS parameters:

a) For DCI Format 0, dynamic configuration should also be supported as relying on a single RRC-configured resource can lead to excessively high collision probability of aperiodic SRS resources, inflexible resource sharing with periodic SRS, increased overhead, and inflexible SRS activation from multiple UE antennas.
a. For DCI Format 1A, dynamic configuration of aperiodic SRS transmission parameters is feasible.

b) For DCI Format 4, the number of bits configuring the aperiodic SRS parameters should be 3.

c) Common aperiodic and periodic SRS parameters, including the transmission sub-frame offset.

a. For transmission from multiple UE antennas, only the cyclic shift and comb need to be specified (for only one antenna or for all antennas).

b. Revisit the decision constraining the aperiodic SRS transmission to occur at least after 4 UL sub-frames from the reception of the DCI Format activating aperiodic SRS.
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