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1 Introduction
Rel-14 WI [1] “SRS Carrier Based Switching for LTE” was approved at RAN#71. The objectives of the WI are copied below. 

	· 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 paper, we will analyze the possible RRM impacts from carrier based SRS switching.
2 Discussion
In this section, we will list the existing RRM requirements in 36.133 that may be impacted by the support of carrier based SRS switching. It should be noted that new RRM requirements might be needed to regulate the performance of the SRS switching, but we think this should be discussed after RAN1 decides the basic design.
SRS transmission has nothing to do with UE DL RRM activities (e.g. cell detection, RSRP/RSRQ measurement, positioning measurement), or with UE mobility procedures (e.g. HO, re-establishment, connection release). The E-UTRA measurement performance is also not expected to change. Therefore, following sections of 36.133 are not impacted. 
· Section 4: E-UTRAN RRC_IDLE state mobility
· Section 5: E-UTRAN RRC_CONNECTED state mobility
· Section 6: RRC Connection Mobility Control
· Section 8: UE Measurements Procedures in RRC_CONNECTED State
· Section 9: Measurements performance requirements for UE
· Section 10: Measurements Performance Requirements for E-UTRAN
· Section 11: ProSe Requirements in Any Cell Selection state
Section 7 is about the UE timing and signalling characteristics, and we think some requirements may be impacted.

UE transmit timing (section 7.1) and Timing Advance (section 7.3)
Currently the requirements are defined for 

· UE initial transmit timing accuracy (first transmission in a DRX cycle), 
· UE autonomous timing adjustment when reference timing changes
· Accuracy 

· maximum amount of timing change in one adjustment, 
· minimum and maximum adjustment rate.
· UE timing adjustment when receiving TA command

· Accuracy
Those requirements apply to SRS transmission on the carriers for which UL (PUSCH) is configured. When SRS is transmitted on DL-only (PUSCH is not configured) carriers RAN4 may need to study if the same requirements can be re-used. The main question is that when UE just re-tunes its RF chain to the SRS carrier or turns on its RF chain on the SRS carrier, can it transmit with the required accuracy or adjust its timing as required. We think the issue is similar to the first SRS transmission in a DRX cycle, where UE just turns on its RF chain. Therefore, the existing requirements can be re-used when UE has valid TA on the carrier where it transmits SRS. However, as this is the first meeting of this WI, we think RAN4 could have extensive discussions on this issue.
One pre-requisite for UE to transmit SRS on a DL-only carrier is that UE has valid TA for that carrier. As UE will only transmit SRS on that carrier but not PRACH, it is impossible for UE to acquire valid TA for the carrier if the carrier does not belong to any TAG UE has valid TA. Therefore, there is no need for RAN4 to discuss the delay requirement to acquire valid TA before SRS transmission. 
Proposal 1: RAN4 should study whether the current transmit timing requirements can be re-used for SRS on DL-only carriers. 
SCell activation and deactivation delay (section 7.7)
In our understanding, SRS should be transmitted only on activated SCells, even the SCell is DL-only. Therefore, the SCell activation and deactivation delay should not be impacted by the SRS transmission on DL-only carriers. However, the earliest time when UE can transmit SRS for a carrier being activated is determined by the activation delay.  

Interruptions with Carrier Aggregation (section 7.8)
Currently interruptions on all serving cells (PCell and activated SCells) are allowed for CA SCell addition/release, activation/deactivation, and measurement of deactivated SCell. All the cases involve the turning on/off the RF chain for SCell. Due to the single RF IC architecture used by some UE implementation, the change of one RF chain will cause interruption to other RF chains. The interruption length is 1ms (inter-band) and 5ms (intra-band) per turning.  
In Rel-13 eD2D discussion [2], the interruption requirement for the scenario where a TX RF chain is shared for D2D and Cellular on different carriers is defined. Interruptions of 1ms are allowed per each switching. 
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Figure 1: Example of interruptions for SRS swtiching

If current interruption requirements are re-used, the impact to data scheduling is shown in Figure 1(a). UE switches to a DL-only carrier for SRS transmission in subframe n, and it re-tunes its RF chain in subframe (n-1) and re-tunes back in subframe (n+1), so the subframe (n-1) and (n+1) are interrupted on all serving cell. None of the concerned 6 subframes can be used for data transmission.   

In Figure 1(b), a possible enhanced interruption requirement is illustrated. UE still transmits SRS on the DL-only carrier in subframe n, but it re-tunes its RF chain in subframe n (as SRS is in the last SC-FDMA symbol) and re-tunes back in subframe (n+1). Subframe n and (n+1) are interrupted on all serving cell, and 2 out of the 6 concerned sufbrames can be used for scheduling. 
However, even with the interruptions as shown in Figure 1(b), the system impact is still considerable. In particular, it should be noted that one interrupted subframe may cause the loss of multiple subframes, e.g. if the interrupted subframe is used for PUCCH transmission, the HARQ-ACK for multiple DL subframes will be lost. Depending on how often such switching may happen, the system impact could be quite large, so RAN4 should study if there is any solution which can reduce the impacts of interruptions.
Proposal 2: RAN4 should discuss the interruption requirements for SRS switching between carriers. 
3 Conclusions 

In this paper, we provided our initial analysis on the RRM impacts due to the support of SRS carrier switching. We went through all the RRM requirements in 36.133, and found the UE TX timing and interruption are two areas which may be impacted.     
We have the following proposals:

Proposal 1: RAN4 should study whether the current transmit timing requirements can be re-used for SRS on DL-only carriers.
Proposal 2: RAN4 should discuss the interruption requirements for SRS switching between carriers.
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