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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 RAN#84b the following agreements were reached:

Design Principles for SRS carrier based switching:
· SRS carrier based switching support should follow these general guidelines:
· Applicable for deployment scenarios that have a TDD CC without the capability to have the corresponding UL CC configured
· FFS: For eIMTA 
· Strive to reduce negative impacts on other transmissions and reception, especially UCI 
· Take into consideration switching times 

· SRS switching solution(s) should be applicable to any TDD UL-DL configurations and special subframe configurations.
· SRS switching solution(s) should be applicable to any combination of UL-DL and special subframe configurations among CCs that are not prevented for other reasons 
· The solution should not require to introduce any new TDD UL-DL configuration or special subframe configuration 

In this contribution we present our views on the general operation of SRS transmission over TDD CCs without PUSCH.

2. Initial power and timing advance of SRS
Before starting the transmission in an SCell configured for SRS transmission only, the UE has to determine the initial power and initial timing advance values. Transmitting SRS with an incorrect TA or transmit power may cause large interference to other UEs in the cell or neighbouring cells due to loss of orthogonality and power imbalance.
If the SRS transmission happens over a TDD CC that belongs to the same TAG as another CC configured for PUSCH transmission, the initial TA can be derived from the other CC, while the initial transmit power has to be determined separately. Constraining SRS switching to CCs with same TAG as another PUSCH CC may be too restrictive. We propose to support SRS switching from/to cells with same or different TAG.
Observation 1: For SRS transmission over a first CC belonging to the same TAG as a second CC, the initial TA can be obtained from the second CC. Initial transmit power should be obtained separately.
Proposal 1: SRS switching can be performed regardless of whether SRS CC and PUSCH CC are in the same TAG or different TAGs.

In order to solve the initial TA and power transmission, the UE can transmit PRACH over the SRS SCell. As the SRS configuration is performed after a UE is in connected mode, the PRACH transmission can be performed in a non-contention manner. The PRACH transmission in the CC has to follow similar constraints as the SRS transmission, i.e., the PRACH transmission has to be TDM with transmission in other CC following the CA capabilities of the UE. For example, if a UE supports only one uplink CC, the transmission of PRACH in a given set of subframes cannot overlap with PUSCH/PUCCH/SRS transmission in any other carrier. Some additional constraints may be introduced due to the necessary time to switch between CC.
Proposal 2: Support non-contention based PRACH transmission over SRS SCell to obtain initial timing and transmit power values.
Once the initial transmit power and TA are set, mechanisms are available to provide power control and TA commands.
3. Power control
Power control should be supported similarly to power control for SRS in carriers with PUSCH:

 [dBm]
In this case, the following values have to be signalled/calculated additionally for the SRS-only carrier:
· 

· 

· 



For the calculation of, power control commands have to be provided for the SRS-only carrier. For both periodic SRS and aperiodic SRS, the power control can be jointly provided to a group of UEs by using group power control grants (e.g. DCI 3/3A). For aperiodic SRS support, the power control can be additionally provided in the grant that triggers the SRS transmission. The initial value can be calculated based on the last successful PRACH transmission.
Proposal 3: Support power control of SRS for CC without PUSCH. The power control can be provided as follows:
· For periodic SRS, via DCI 3/3A
· For aperiodic SRS, via DCI 3/3A or field in the trigger DCI 

4. Timing alignment
Timing advanced commands can be supported similarly to legacy CA, and may be provided by MAC signalling for the TAG containing the SRS-only carrier.
Proposal 4: Timing advance commands are supported for SRS-only carriers, similarly to TAG support for CC with PUSCH.

5. Impact of switching time
In cases where there is a large number of DL CC configured, it may be useful for the eNB to use more than one symbol for SRS transmission in a given subframe. This can be performed in UpPTS (especially for 6-symbol UpPTS) following current specification, but multiple SRS transmissions in regular uplink subframes may also be useful. For example, if the UE needs to sound 3 CCs and the switch time is 1 symbol, it will take 3 subframes for the UE to sound the 3 CCs, and 6 additional symbols would be lost due to retuning (total of 9 symbol interruption: 3 for SRS transmission + 6 for retuning). If SRS subframes are supported (e.g. as shown in Figure 1), the total interruption time is only 7 symbols.


Figure 1 Multiple SRS transmission over an SRS subframe. The orange UE needs one symbol to retune between two carriers. The eNB can stagger multiple UE to maximize the resource usage. Example with 1 symbol retuning.

The SRS subframe can also be exploited to sound multiple subbands of a given CC, which may be useful for power limited UEs that are not able to sound the entire bandwidth in a single SC-FDMA symbol. For a case of 3 subbands, for example, the support of SRS subframes decreases the total interruption time from 9 symbols to 5 symbols (3 symbols for SRS transmission, and 2 symbols for retuning). In Figure 2 we show an example of multiple subband sounding in a single subframe.


Figure 2 Multiple SRS transmission over the same CC in different subbands. In this case there is no switching time required.

Proposal 5: Consider the introduction of SRS subframes to support transmission of multiple SRS in a regular uplink subframe.

6. Potentially Multiple SRS Switching Times
In RAN1#84b a liaison statement was sent to RAN4 regarding switching time between CC to support SRS switching [2]. Due to different UE capability and implementation details, it may be foreseen that different switching times may apply depending on the CA configuration, UE capability and source-destination carriers. In such a case, RAN1 should support at least a subset of the switching times. For some large values (e.g. in the order of several milliseconds), the usefulness of SRS switching may be reduced.
Observation 2: RAN1 may need to consider different switching values in the design.

7. Power headroom report
Similar to other CA configurations, PHR should be supported for SRS CCs. This could be exploited by the eNB when scheduling in multiple CC simultaneously. If the eNB is not aware of the power headroom, then the UE may drop transmission due to power limitation.
Proposal 6: Support PHR including the SRS CC.


8. Summary

Observation 1: For SRS transmission over a first CC belonging to the same TAG as a second CC, the initial TA can be obtained from the second CC. Initial transmit power should be obtained separately.
Proposal 1: SRS switching can be performed regardless of whether SRS CC and PUSCH CC are in the same TAG or different TAGs.
Proposal 2: Support non-contention based PRACH transmission over SRS SCell to obtain initial timing and transmit power values.
Proposal 3: Support power control of SRS for CC without PUSCH. The power control can be provided as follows:
· For periodic SRS, via DCI 3/3A
· For aperiodic SRS, via DCI 3/3A or field in the trigger DCI 
Proposal 4: Timing advance commands are supported for SRS-only carriers, similarly to TAG support for CC with PUSCH.
Proposal 5: Consider the introduction of SRS subframes to support transmission of multiple SRS in a regular uplink subframe.
Observation 2: RAN1 may need to consider different switching values in the design.
Proposal 6: Support PHR including the SRS CC.
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