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1 Introduction
In RAN Plenary #71, the new WI of "SRS Carrier Based Switching for LTE" has been approved [1]. The main objective 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 will firstly repeat the motivations for this work item and then kick off the corresponding work in RRM area and present the initial analysis. 
2 Motivations for SRS carrier based switching
It is well known that DL beamforming based on UL SRS is beneficial for TDD carriers as channel reciprocity can be exploited to achieve better precoding than PMI based reporting feedback. It is then desirable to utilize UL SRS on all TDD carriers for every UE for improved DL throughput performance. 

However, in current LTE systems, a UE is not allowed to transmit UL SRS on some TDD component carriers (CCs) if there is a DL-UL CC number disparity for the UE. 

· First, in LTE networks, there are many scenarios in which the downlink traffic is heavier than uplink traffic, which may lead to a larger number of aggregated downlink CC than the number of (aggregated) uplink CC(s). In other words, there may exist a DL-UL CC number disparity due to the disparity of DL-UL traffic loads. 

· Second, there exists a DL-UL CC number disparity due to the disparity of UE CA capabilities in DL and UL. For the existing UE categories, the typical CA-capable UEs only support no more than two uplink CCs for various practical considerations, whereas the UEs can support more DL CCs.. 

· The DL-UL CC number disparity can become even more significant with Rel-13 eCA which standardized up to 32 DL CCs per UE. Consequently, there could be situations where most of the UE's DL CCs cannot benefit from channel reciprocity.

Allowing fast carrier switching to and between TDD carriers can be a method to enable SRS transmission on all TDD carriers, without the need to significantly increase UE UL CA capability. This is the main objective of the WI.
3 Impacts on RRM requirements
There are two cases for SRS carrier based switching. One is uplink PCell is switched to other SCells for possible SRS transmission (Fig.1a). Another one is one of the SCells is switched to other SCells for possible SRS transmission (Fig.1b).
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Fig.1(a)
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Fig.1(b)


Although the final and complete impacts on RRM can only be ready when there is sufficient progress in RAN1 and RAN2 at least the following impacts to RRM requirements could be observed.
· The SRS carrier based switching is intended for the carrier aggregation which is only enabled for UE in RRC_CONNECTED state. Thus there is no impact to the requirements for RRC_IDLE state.

· The requirements for handover to E-UTRAN or other RATs is based on downlink PCell, thus the legacy requirements can be reused.

· To support SRS switching to and between TDD component carrier(s) the RF should be retuned to another component carrier thus there may be exist some interruption time to the PCC or SCC as shown in Fig1(a) and Fig.1(b). The carrier switching/retuning has impacts including
   *the retuning time from either the uplink PCC or one of the SCCs should be discussed and decided. The corresponding interruption requirements to PCell or SCells should be specified. Based on our analysis in [2], the 2 OFDM symbol duration can be assumed.
   *The impacts on the RRM measurement of PCell or SCells due to the retuning. The downlink CRS based measurement may be colliding with the subframe when SRS carrier based switching occur as shown in Fig2 due to the transmitted SRS occupies the last symbol of the subframe. One way to solve this problem is to mandate the SRS carrier based switching only applies to two successive uplink subframes or one uplink subframe following one special subframe assuming the retuning time is 2 OFDM symbols. Certainly this can be further discussed once RAN1/RAN2 has some progress and decisions. Because it is with large probability that the UE will know when the retuning will take place the UE can avoid performing measurement sampling on the subframes colliding with the retuning. E.g. typically 4~5 samples are needed for RRM measurement in active mode during 200ms measurement period. The UE can decide where to perform measurement in this case. Thus it is possible that there will be no impacts to the UE RRM measurement.
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Fig.2 Downlink subframe colliding with SRS carrier based switching
    *The impacts on the RLM measurement of PCell due to retuning. Similar to the RRM measurement case the UE can take the network indication into account this will avoid the collision of RLM measurement sampling and the SRS carrier switching. Thus it is possible that there will be no impacts to the UE RLM measurement.

   *The impacts on the positioning related requirements due to the retuning. For OTDOA the PRS transmission is based on downlink subframe. If there is no colliding for the retuning with the downlink PRS transmission there will be no impacts to the OTDOA related requirements. For the UTDOA which is typically based on the SRS for uplink ToA estimation, the SRS carrier based switching will have larger impacts. If the uplink subframe for SRS transmission is switched to another carrier it will fail the corresponding SRS ToA estimation. This should be extensively investigated.
   *The impacts on the transmit timing. If the CC belongs to a TAG with an acquired TA on another CC, the legacy requirements could be reused. Otherwise, the UE may need to use some estimated TA or perform RACH which need a rather long time which is not desirable for fast carrier switching.

Conclusion
This contribution provides the preliminary analysis to kick off the RRM impacts of SRS carrier based switching. It is observed that the SRS carrier based switching has no impacts to RRC_IDLE related requirements and handover requirements. It is also further analyzed that the RRM/RLM requirement may be impacted if the downlink subframe was collided with the subframe when the SRS carrier based switching occur. It will also have impacts to the positioning and transmit timing related requirements. 
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