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1 Introduction
In RAN#71, a new WI on SRS carrier switching was approved [1]. The scope of this WI is as follows:

· To support SRS switching to and between TDD component carrier(s), where the component carriers available for SRS transmission correspond to the component carriers available for carrier aggregation of PDSCH, while the UE has fewer component carriers available for carrier aggregation of PUSCH [RAN1, RAN2, RAN4]

· Corresponding UE and eNB core requirements [RAN4].
In this contribution, we discuss several general aspects in support of SRS carrier switching for LTE.
2 General discussion

The motivation to support SRS carrier switching is to enable better utilizing channel reciprocity for TDD and UEs capable of aggregating less number of UL carriers than DL carriers [1]. The following aspects need to be discussed for SRS carrier switching:

· Configuration of UL serving cells for a UE

The current CA mechanism does not allow configuring a number of UL serving cells to a UE exceeding the UE UL CA capability. Given the motivation of this WI, higher layer signaling should allow the network to configure more UL serving cells for a UE than the UE supports.  
· Support SRS carrier switching for periodic SRS and aperiodic SRS

Currently both periodic and aperiodic SRS are supported by specification. It is necessary to study and decide whether SRS switching is supported for both periodic and aperiodic SRS or only support one of them is sufficient. 
· SRS carrier switching time and its impact on PUSCH and PUCCH transmission

For a UE perform SRS carrier switching in a number of UL serving cells exceeding the UE’s UL CA capability, switching time is needed for the UE to retune its center frequency from one carrier to another carrier. The amount of switching time needs to be defined. The switching gaps may also impact the UE’s PUSCH and PUCCH transmission.

· Applicable UEs

The feature of SRS carrier switching should only be applied to a certain UEs, e.g. UEs support DL CA, UE supporting UL CA, and UE supporting TDD. It is beneficial to clarify the capabilities of the target UEs at the beginning of the WI in order to have a clear scope and focus of this WI.   
2.1 UL serving cell configuration

Given the motivation of this WI, it is necessary to support configuring a number of serving cells in UL for a UE exceeding the UE’s UL CA capability. While the detailed higher layer signaling is up to RAN2, the following aspects need to be discussed and agreed in RAN1 first.
Since SRS carrier switching is intended to support channel reciprocity to all configured DL serving cells, it is natural that the set of configured UL serving cells shall be a subset of the configured DL serving cells for the UE. Furthermore, assuming the UE supports aggregating NUL UL serving cells and NDL DL serving cells (NUL < NDL), the network can configure the UE with NUL serving cells for possible PUSCH/SRS transmission and (NDL – NUL) serving cells for possible SRS transmission only. Since dynamic PUSCH carrier switching in more than NUL serving cells is not within the scope of this WI, the NUL serving cells for PUSCH transmission should be semi-statically configured as in the current mechanism.
Proposal 1: For a UE configured with SRS carrier switching,
· The UE is semi-statically configured with NUL UL serving cells for PUSCH and SRS transmission

· The UE is additionally configured with up to (NDL – NUL) UL serving cells for SRS only transmission, and the (NDL – NUL) UL serving cells should be a subset of the configured DL serving cells.
2.2 Periodic and aperiodic SRS carrier switching 

The current specification supports periodic SRS transmission on one or more carriers. The relevant periodic SRS configuration (i.e. cell-specific and UE-specific SRS subframes, SRS comb, SRS bandwidth, SRS sequence cyclic shift, SRS frequency hopping, SRS antenna ports) is done in a per serving cell basis. If SRS carrier switching is supported for periodic SRS, the relevant periodic SRS parameters can still be configured on a per serving cell basis. The UE shall perform SRS carrier switching in order to transmit the periodic SRS on a particular serving cell as configured by higher layers.

The current specification also supports aperiodic SRS transmission. The relevant parameters for aperiodic SRS is largely the same as those of the periodic SRS. Higher layer configured up to 4 sets of aperiodic SRS parameters and DCI triggers an aperiodic SRS transmission using one of the aperiodic SRS parameter sets. It is noted that both DL and UL grants can be used to trigger aperiodic SRS transmission. To allow flexible aperiodic SRS triggering, it is beneficial to support cross-carrier aperiodic SRS triggering. It is noted that cross-carrier aperiodic SRS triggering is already supported in the current specification, based on the cross-carrier scheduling mechanism introduced in Rel-10. However, the triggered aperiodic SRS is on the same serving cell as the PDSCH/PUSCH scheduled by the DCI containing the aperiodic SRS trigger. For this new feature of SRS carrier switching, it is beneficial to decouple of the serving cell on which PDSCH/PUSCH is scheduled and the serving cell on which aperiodic SRS is triggered.

Comparing periodic SRS and aperiodic SRS for SRS carrier switching, aperiodic SRS is more suitable to better utilize and support channel reciprocity. The network can configure an aperiodic SRS transmission on a serving cell on an on-demand basis (e.g. when the network intends to schedule PDSCH on more than serving cells). Thus, aperiodic SRS with carrier switching may reduce the required carrier retuning (and hence also the impact on PUSCH/PUCCH transmission) compared to periodic SRS with carrier switching. 
Therefore, the following is proposed based on the above discussion.

Proposal 2: Aperiodic SRS with carrier switching is supported.
· Aperiodic SRS with carrier switching is triggered by an DL or UL grant

· The serving cell on which aperiodic SRS is triggered is decoupled from the serving cell on which PDSCH/PUSCH is scheduled by the DL/UL grant.
2.3 SRS carrier switching and impact on PUSCH/PUCCH
For a UE supports NUL UL serving cells, the UE needs to perform carrier frequency retuning is the UE needs to transmit SRS in more than NUL UL serving cells. It is noted that in Rel-13 eMTC discussion, it was agreed that a retuning gap of two OFDM symbols is needed for a Rel-13 eMTC UE. Whether this agreement still holds needs RAN4 discussion and decision.

Given the required retuning gap, SRS carrier switching may impact the PUSCH/PUCCH transmission. The impact on PUSCH transmission may be minor since PUSCH puncturing may be easily adopted. The impact on PUCCH may be large as it impacts the HARQ-ACK feedback and scheduling flexibility. It is therefore desirable to eliminate the impact on PUCCH transmission due to SRS carrier switching. One such a way is to only allow SRS carrier switching for UEs capable of UL CA. For ease of expression, for a UE capable of aggregating NUL UL carriers, we say that the UE has NUL UL carrier transmission capabilities. The UE would then always use one of its NUL UL carrier transmission capabilities for the PCell, and can using the remaining (NUL – 1) UL carrier transmission capabilities for SRS carrier switching in more than (NUL – 1) DL serving cells.    

Proposal 3: Aim to support SRS carrier switching with no impact on PUCCH transmission. 

2.4 Applicable UEs 

From the WID, it is clear that the target UEs supporting SRS carrier switching should support TDD and DL CA. Furthermore, as discussed in the previous subsection, it is beneficial to avoid impact on PUCCH transmission due to SRS carrier switching. One such method is to only allow SRS carrier switching for UEs supporting UL CA. Therefore, the following is proposed:
Proposal 4: The target UE supporting SRS carrier switching should support TDD, DL CA, and UL CA.

3 Conclusions
In this contribution, we discuss several general aspects in support of SRS carrier switching. The following proposals are provided:
Proposal 1: For a UE configured with SRS carrier switching,

· The UE is semi-statically configured with NUL UL serving cells for PUSCH and SRS transmission

· The UE is additionally configured with up to (NDL – NUL) UL serving cells for SRS only transmission, and the (NDL – NUL) UL serving cells should be a subset of the configured DL serving cells.
Proposal 2: Aperiodic SRS with carrier switching is supported.
· Aperiodic SRS with carrier switching is triggered by an DL or UL grant

· The serving cell on which aperiodic SRS is triggered is decoupled from the serving cell on which PDSCH/PUSCH is scheduled by the DL/UL grant.
Proposal 3: Aim to support SRS carrier switching with no impact on PUCCH transmission. 

Proposal 4: The target UE supporting SRS carrier switching should support TDD, DL CA, and UL CA.
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