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1. Introduction
In RAN#71 a new work item (WI) named SRS Carrier Based Switching for LTE [1] was introduced. The objective of this WI is to support SRS transmission in CC with no UL transmission. In this contribution we present our views on how triggering and power control of carriers can be handled.
In RAN1#85 the following agreements were reached regarding triggering and power control:

Agreement: 
· Group DCI for SRS switching
· Payload same as 0/1A/3/3A
· With 1 or more configured group RNTI for the newly introduced group DCI
· A UE can be triggered for multiple CCs within one group DCI
· Type A: A single field is used to trigger a group of (one or multiple) CCs if the UE is configured with  more than 5 CCs without PUSCH
· For all the CCs that are triggered by this field, each have a TPC field in this group DCI and the number of bits reserved is decided by the maximum group size among the configured groups
· Maximum number of CCs of a group: 8
· Type B: N fields are used to trigger up to N CCs if the UE is configured with  less than or equal to 5 CCs without PUSCH
· TPC field for each of the N CCs is also in this group DCI

· Number of bits:
· Trigger field:
· 2 bits for triggering a group of CCs (type A)
· For triggering only single CC (type B), 
· 1 bit for single UL Tx antenna without antenna switching, 
· 2 bits for multiple UL Tx antenna including antenna switching
· Per UE configured size
· TPC: UE specifically configured 1 bit or 2 bits
· Search space
· Common search space in Pcell
· Name of the new group DCI format: leave to the editor


2. Triggering of multiple CC
The introduction of group DCI allow to trigger SRS from multiple CC simultaneously. This allows for triggering of a large number of CC with a relatively small overhead (e.g. a single DCI can trigger 5 CC from multiple UEs). One of the problems resides on how to determine the resources used for SRS transmission, since the current LTE standard only allows for triggering a single SRS from the same DCI. Namely, the following two procedures have to be specified:
1) How to determine the order in which the different CC are sounded.
2) Once the order is determined, how to determine the SRS resources used for each transmission.
For the first option, the most logical approach is to follow the RRC configuration/order in the DCI to determine the ordering. This way, the eNB has the flexibility to semi-statically determine the ordering, and the transmission sequence is well defined based on this configuration.
Proposal 1: For the triggering of multiple CC from a same DCI, the ordering of SRS transmission is as follows:
· For Type A DCI, it follows the order in the RRC configuration
· For Type B DCI, it follows the order in the DCI.
Once the order is determined, now the exact resources to be used for the different SRS transmissions have to be determined. Due to the large number of combinations of UE capabilities (e.g. different number of simultaneous transmissions) and number of simultaneously triggered CC, the best way to determine the set of resources is by using a predetermined procedure. The procedure should allow for the following:
· It should take into account collision between different SRS (including retuning time).
· The logic behind it should be simple to allow efficient implementation at the UE side.
· It should take into account the UE capability (i.e. the fact that a UE may be able to transmit SRS in two given carriers simultaneously).
· It should be self-contained, e.g. it should not depend on the content of other DCI.
A simple rule that meets these three requirement is in the following proposal:
Proposal 2: The resources used for SRS transmissions when multiple SRS are triggered by the same DCI are obtained as follows:
1. The timing of the first SRS transmission (n=1) follows legacy timing.
2. For the n-th SRS transmissions, determine the first SRS resource after or at the same time as the (n-1)-th that does not collide with the 1, …, n-1 SRS transmissions (including retuning times)
The SRS resources are obtained as in legacy LTE (i.e. based on A-SRS configuration).
Note that, with this proposal + collision rules, the dropping of one SRS transmission due to a collision (e.g. with PUCCH) does not change the ordering or resources of the remaining SRS transmissions, which makes the procedure more robust against DCI misdetections.
With the two proposals above, the sequence of SRS transmission for a DCI can be obtained. One issue is that a UE may monitor multiple DCI that trigger SRS (e.g. two group DCI, or a group DCI and a downlink DCI). In such case, some of the SRS transmission may overlap with each other, so some mechanism to avoid overlap is necessary. In the following proposal we present a simple mechanism to decide prioritization rules among different CC.
Proposal 3: If two or more SRS transmissions (e.g. due to receiving multiple DCI at the same time) collide, the prioritization is as follows:
· Lower CC index take precedence over higher CC indices
· For same CC index, the one that corresponds to a DCI received later in time takes precedence.
· For same time, DL DCI takes precedence over group DCI
· For group DCI, the one with lower RNTI takes precedence

3. Power control
Similar to the case above, when multiple SRS are triggered in the same subframe, multiple power control commands may be issued to the UE. If this is the case, the UE should determine the following:
1) Determine when to apply each power control command.
2) Solve possible conflicts between commands
To determine when to apply the power control command, the easiest is to tie this with the SRS transmission instants (e.g. following proposals 1-2). If the UE is power controlled without an SRS trigger, then the power control command is applied when the SRS is transmitted. If the power control command is received in a DCI not triggering SRS, the following procedure is followed.
Proposal 4: The subframe in which the UE applies a power control command is:
· The subframe used for SRS transmission, if SRS is triggered in the same DCI.
· 
Subframe n+if SRS is not triggered in the same DCI
After following the rule in proposal 4, it is possible that the power control command from multiple DCI fall in the same subframe. If this is the case, the UE should only apply one of them (this may be useful in the case of DCI type A, where two SRS-RNTIs are monitored and the same CC is present in two groups). To reduce the effect of false alarms, the TPC commands have to be the same in both DCIs, and also the SRS resource used for transmission has to be the same in both DCIs. Otherwise, the UE behaviour is not specified (this should be interpreted as an error case caused by a false alarm at the UE side).
Proposal 5: If the UE receives multiple TPC commands for the same subframe, same CC, the UE behaviour is as follows:
· If both TPC commands are equal, and the SRS configuration from both trigger is the same, then
· The TPC command is valid and is applied (a single time)
· Else
· The UE behaviour is not defined


4. Summary
Proposal 1: For the triggering of multiple CC from a same DCI, the ordering of SRS transmission is as follows:
· For Type A DCI, it follows the order in the RRC configuration
· For Type B DCI, it follows the order in the DCI.
Proposal 2: The resources used for SRS transmissions when multiple SRS are triggered by the same DCI are obtained as follows:
1. The timing of the first SRS transmission (n=1) follows legacy timing.
2. For the n-th SRS transmissions, determine the first SRS resource after or at the same time as the (n-1)-th that does not collide with the 1, …, n-1 SRS transmissions (including retuning times)
The SRS resources are obtained as in legacy LTE (i.e. based on A-SRS configuration).

Proposal 3: If two or more SRS transmissions (e.g. due to receiving multiple DCI at the same time) collide, the prioritization is as follows:
· Lower CC index take precedence over higher CC indices
· For same CC index, the one that corresponds to a DCI received later in time takes precedence.
· For same time, DL DCI takes precedence over group DCI
· For group DCI, the one with lower RNTI takes precedence
[bookmark: _GoBack]
Proposal 4: The subframe in which the UE applies a power control command is:
· The subframe used for SRS transmission, if SRS is triggered in the same DCI.
· 
Subframe n+if SRS is not triggered in the same DCI

Proposal 5: If the UE receives multiple TPC commands for the same subframe, same CC, the UE behaviour is as follows:
· If both TPC commands are equal, and the SRS configuration from both trigger is the same, then
· The TPC command is valid and is applied (a single time)
· Else
· The UE behaviour is not defined
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