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1 Introduction
RAN1 has discussed aperiodic SRS transmission and triggering for several meetings. In RAN1#62bis, it was agreed to support triggering aperiodic SRS with DCI format 0 and DCI format 4 as follows [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

In addition, additional support of flexible SRS parameter indication using disabling of UL data in DCI format 0 and indicating SRS resource parameter was discussed [2]. In this contribution, we provide our view on additional support of flexible SRS parameter indication. 
Additionally, we also discuss the timing issue on aperiodic SRS transmission. 
2 Aperiodic SRS parameter configuration 
There has been some discussion about the additional support of a flexible SRS parameter indication using disabling of UL data in DCI format 0 and indicating SRS resource parameter. For example, a specific value e.g. in resource allocation field indicates no UL data and the remaining fields indicates the SRS parameter. One the other hand, when DCI format 0 in the UE specific search space is configured to add the SRS trigger bit, it would be straightforward to allow aperiodic SRS triggering with DCI format 1A in the UE specific search space since 1 bit is added also in DCI format 1A in order to align the size. Triggering with DCI format 1A would also be useful to allow a flexible SRS parameter indication by configuring aperiodic SRS parameters separately. 
Below we discuss the two options to support a flexible SRS parameter indication.  
· Option 1: allow disabling of UL data in DCI format 0 and indicating SRS parameters 

· Option 2: allow DCI format 1A for triggering with separate SRS configuration

For both options, one use case would be to trigger multi-antenna SRS occasionally even in case of single antenna PUSCH mode to monitor the channel condition for multiple antennas prior to transmission mode change, i.e. for a kind of "probing" mechanism. For this use case, in option 1 eNB disables the UL data allocation by some field (e.g. resource allocation field) and indicates multi-antenna SRS in the remaining fields in DCI format 0 for checking the channel status of multiple antennas for a UE. On the other hand, in option 2, eNB configures single antenna port SRS for DCI format 0 and multiple antenna ports SRS for DCI format 1A, and eNB triggers aperiodic SRS with DCI format 1A in order to probe the multi-antenna condition. Another use case would be SRS resource collision avoidance when aperiodic SRS is triggered for multiple UEs. For this use case, the same number of antenna ports but different SRS resources, e.g. cyclic shift and comb, are configured for triggering by DCI format 0 and 1A in option 2. 
Option 1 allows for a more flexible SRS resource allocation than option 2. On the other hand, test complexity in UE design increases because more parameters are dynamically indicated. Option 2 allows a simple triggering with different SRS configuration, hence, only reduced configurations need to be tested. 
Since the flexibility of SRS resource allocation would be more important in a multi-antenna PUSCH mode where 3 or 7 states in DCI format 4 are anyway available for the resource indication (pending further RAN1 agreement whether 3 or 7), the flexibility obtained by option 2 would be sufficient for above use cases. One may argue that multi-antenna SRS is also triggered in single antenna PUSCH mode for the first use case above (i.e. “probing”). However, we don’t see the necessity of flexible resource allocation for this use case since the SRS triggering for this purpose would rarely occur. Therefore, we currently suggest option 2 than option 1. 
In this case, SRS parameters are separately configured by RRC for DCI format 0, 1A and 4. 

DCI format 0:     Parameter set A

DCI format 1A:  Parameter set B

DCI format 4:     Parameter set C, D, E (assuming 2 bits)

Above parameter set A (for DCI format 0) and B (for DCI format 1A) should be independently configured to allow triggering aperiodic SRS with different purposes. For parameter set C, D and E in DCI format 4, since the main purpose of 2-3 bits for triggering would be to reduce the collision probability of SRS resources among UEs, it would be sufficient to separately configure only transmission comb and cyclic shift, and commonly configure the remaining parameters. Table 1 shows the number of bits for the RRC configuration for each DCI format. 
Table 1 UE-specific aperiodic SRS parameters and number of bits(*)
	Parameter
	Parameter set A
	Parameter set B
	Parameter set

	
	
	
	C
	D
	E

	Number of antenna ports (1, 2 or 4)
	2
	2
	2

	Frequency domain position
	5
	5
	5

	SRS bandwidth
	2
	2
	2

	Frequency hopping bandwidth(FFS)
	2
	2
	2

	Cyclic shift 
	3
	3
	3
	3
	3

	Transmission comb
	1
	1
	1
	1
	1


*  Note that the bits presentation is based on plain encoding. Actual ASN.1 encoding may generate slightly different value depending on other conditions.
3 Aperiodic SRS transmission timing 

In this section transmission timing of aperiodic SRS is discussed. It was agreed that the aperiodic SRS transmission occurs in subframe n+k (k(4) upon detection of a positive SRS request in subframe n [3]. On the actual aperiodic SRS transmission timing, the following alternatives can be considered. 
· Alt 1: UE transmits aperiodic SRS on the first cell specific SRS subframe on or after subframe n+4

· Alt 2: UE specific SRS subframe for aperiodic SRS is configured (e.g. defined by periodicity and offset similar to periodic SRS) and UE transmits aperiodic SRS on the first UE specific SRS subframe on or after subframe n+4

The alternatives are illustrated in Figure 1. Alt 2 is flexible and may be useful to avoid SRS resource collision between UEs by configuring different time offsets. In addition, Alt 2 can operate as Alt 1 when the same periodicity as the cell specific SRS periodicity is configured for the UE specific periodicity for aperiodic SRS. On the other hand, eNB can also avoid SRS resource collision by triggering at different timing for the UEs that are configured the same SRS resource. In this sense Alt 2 seems not essential. Therefore, we prefer Alt 1 for simplicity. 
[image: image1.emf]Alt 1

Alt 2

A-SRS request

Cell specific periodicity

subframe

SRS subframe

A-SRS request

UE specific periodicity 

configured for A-SRS

A-SRS transmission

A-SRS transmission


Figure 1 Alternatives for aperiodic SRS (A-SRS) transmission timing
4 Conclusion 

In this contribution, we discussed parameter indication schemes for aperiodic SRS. To support a flexible SRS parameter indication, two options were discussed. 

· Option 1: allow disabling of UL data in DCI format 0 and indicating SRS parameters 

· Option 2: allow DCI format 1A for triggering with separate SRS configuration

We currently prefer Option 2, i.e. to allow DCI format 1A for triggering with separate SRS configuration, for simplicity. 
Additionally, we discussed aperiodic SRS transmission timing. Our preference is to transmit aperiodic SRS on the first cell specific SRS subframe on or after subframe n+4. 
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