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Introduction
In RAN1#86, the following agreements were reached on SRS carrier based switching[1]:
Agreement::
· For A-SRS, trigger is carried in:
· DL scheduling DCI and group DCI
· Group DCI is only used for SRS-only CC without PUSCH

· In addition to all existing parameter configurations
· In case the UE supports multiple switching-from CCs, selected by
· Option 1: rule(s) defined
· Option 2: RRC configuration
In this contribution, we discuss the issues of trigger signals for A-SRS as well as signaling of the origin and target carriers for SRS switching. 
Parameters for transmitting SRS 
Triggers for SRS
In release 13 Periodic SRS and one-shot SRS transmissions are referred to as trigger type 0 SRS transmissions which are configured entirely by RRC signaling. Aperiodic SRS transmission is labeled trigger type 1 SRS transmission and is configured via RRC signaling (semi-static part) but triggered by DCI (dynamic part). 
Aperiodic SRS has been introduced in Release-10. The trigger for transmission is the SRS Request flag in PDCCH DCI Formats 0/4/1A (for FDD and TDD) and DCI Formats 2B/2C for TDD alone. Different sets of parameters are set via RRC based on the format chosen as shown in table 1
Table 1: SRS parameter sets
	format
	RRC parameter set name
	Trigger bit size

	0
	srs-ConfigApDCI-Format0
	1

	1a 2b 2c 2d
	srs-ConfigApDCI-Format1a2b2c
	1

	4
	srs-ConfigApDCI-Format4[footnoteRef:1] [1:  Note that compared to other formats, DCI format 4 can be controlled using 3 different sets of parameters. This is why the trigger uses two bits, allowing to address each set.   ] 

	2



Timing-wise,a UE configured for an aperiodic SRS transmission will send SRS in the 4th subframe following detection of the trigger, at the earliest, based on the RRC configuration.  
Observation: SRS Parameters for A-SRS carrier based switching can reuse the SRS parameter sets from legacy. Additional, switching-only related parameters may be added as a separate set.
DCI formats 1x and 2x are used for scheduling of downlink data. In release 13, only formats 1A 2B/2C/2D are featuring an SRS request flag.  Moreover, DCI format 1A can be used in Common and UE specific search space and DCI Formats 1, 1B, 1D, 2, 2A, 2B, 2C, and 2D in UE specific search space, using C-RNTI masking.  Group DCI format 3 for TPC could handle the SRS trigger if the SRS flag is added, as proposed in [1]. 
Observation: to trigger SRS via DCI, DCI formats 2 and 2A require the introduction of the SRS request flag.  Alternatively, restrict the use of the aperiodic SRS flag to existing formats.
Observation: to enable group based DCI trigger of SRS, DCI1A can be used. Alternatively, use DCI3 format to both trigger SRS and control the SRS TPC. 
Proposal: use DCI3 or DCI 1A for group DCI triggering and DCI 1a  for UE -specific triggering. 
From and to carrier identification
When more than 1 CC is configured without an UL transmission, there is a need to address the origin carrier and the destination carrier of the SRS switching.  We foresee two possible solutions:
The first solution is a table  of fixed switching pattern which are followed in sequence by the UE. This can be configured in RRC and the origin and destination carrier are then decided at each transmission according to the pattern. Let  be the carrier number of the origin carrier and the carrier number of the destination carrier. The carrier pair is decided by
	 
	(1)


With x(i) defined as the pattern for index i in the switching pattern table.   is the subframe number and is a configurable table index offset. The table is generated using the following equations
	Source_cc(index) = active_cc( floor( index/nrof_srs_cc) mod nrof_active_cc) (2)

	(2)

	Destination_cc(index) =  index mod(nrof_srs_cc ) 

	(3)



This solution does not require any dynamic DCI signals or RRC signals and can be implemented semi statically at initial configuration of the UE for SRS carrier switching. An example for the sequence of pattern table is shown in Table 2.
Proposal 1: option 1 for SRS to and from switching control is to use a preconfigured pattern table of to- and from- carriers and to use a preconfigured equation for the exact sequence of switching. 
[bookmark: _GoBack]If this solution is too restrictive, it is also possible to still use a preconfigured switching pattern table but enable choosing the exact switching pattern at a given instant by sending the table index via DCI. The index could be send along the SRS trigger for the case of A-SRS, or ahead of P-SRS transmission to reconfigure the switching of P-SRS.
Proposal 2: option 2 for SRS to and from switching control is to use a preconfigured pattern table of to- and from- carriers. the identity of the to and from carrier for the next switching is then signaled via DCI as an index to this table. 
Finally, if full flexibility is desired, one could send the carrier number for the to and from carrier in DCI for each switching instance. Note that this is the costliest solution in terms of overhead if a large number of carrier is to be addressed, as the required number of bits is . For example a 5DL+2UL system would require 4bits at a minimum.
Proposal 3: option 3 for SRS to and from switching control is to signal via DCI the carrier number for both the two and from carrier. 




Table 2 SRS switching sequence table for 4DL 2UL CCs
	index
	Source carrier number
	Destination carrier number

	0
	0
	2

	1
	0
	3

	2
	1
	2

	3
	1
	3




Conclusions
This paper presented a proposal for design of triggers and control of to and from carrier for SRS carrier based switching. The following observation and proposal were made:
On SRS trigger:
Observation: to trigger SRS via DCI, DCI formats 2 and 2A require the introduction of the SRS request flag.  Alternatively, restrict the use of the aperiodic SRS flag to existing formats from release 9 and onward.
Observation: to enable group based DCI trigger of SRS, DCI 2 formats need to be allowed in the common search space. Alternatively, use DCI3 format to both trigger SRS and control the SRS TPC. 
Proposal 1: use DCI3 for group DCI triggering and DCI 2b/c/d for UE specific triggering. 

On to and from carrier signaling
Proposal 2: option 1 for SRS to and from switching control is to use a preconfigured pattern table of to- and from- carriers and to use a preconfigured equation for the exact sequence of switching. 
 Proposal 3: option 2 for SRS to and from switching control is to use a preconfigured pattern table of to- and from- carriers. the identity of the to and from carrier for the next switching is then signaled via DCI as an index to this table. 
 Proposal 4: option 3 for SRS to and from switching control is to signal via DCI the carrier number for both the two and from carrier. 
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