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Discussion and Decision
1
Introduction
A new Rel.14 WI “SRS Carrier Based Switching for LTE” was approved in RAN#71 meeting at March 2016, and the objectives of this WI are shown below [1].
The WI is to specify enhancements for networks operating with CA. The objectives of the WI are:

· 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].
For CA, generally there are more DL carriers than UL Carriers, because of the increased UE complexity with larger number of transmitter chains including PAs. In current specification, SRS can only be transmitted in the configured UL carriers, thus the DL carriers without paired UL carrier will not get the benefits of SRS, i.e., CSI based on the channel reciprocity between UL and DL. The situation could get worse for TDD with CA up to 32CCs. Allowing fast SRS carrier switching among TDD DL carriers may improve the DL beamforming performance. 
In this contribution, we discuss the factors which will impact the SRS switching.
2
Interruption timer for SRS carrier based switching 
This new WI can be seen as an enhancement of CA feature by allowing UE sounding in the non-UL carriers, and assuming without transmitting other UL signals. The application scenario is showing in the Table 1. The UE only has the capability to support two-carrier UL CA, while at DL side it supports five carriers. According to current specification, UE could not send the SRS in CC 3, 4 and 5. If it is allowed for UE to switch to non-UL CA carrier to send the sounding signal, then at least one configured UL carrier can’t be scheduled at the time of sounding. 
In addition, RAN4 defined the interruption time for CA in [2]. When SCell is configured/deconfigured, activated/ deactivated, or measurement on deactivated Scell is made, a UE is allowed to have an interruption of up to 1 subframe on Pcell for inter-band CA and an interruption of up to 5 subframes on PCell for intra-band CA. Also if a UE switches to another carrier for sounding, the re-tuning time shall be considered as well. In figure 1, we give four general cases, which could cause an interruption time or re-tuning time. Here we assume the PUCCH is transmitted in Pcell.
	Configured DL CC
	Configured UL CC
	UE capability
	SRS transmission

	1
	1
	PA1 for Pcell
	Sounding in DL/UL CC 1, already supported

	2
	2
	PA2 for Scell
	Sounding in DL/UL CC 2, already supported

	3
	 
	 
	Sounding in DL CC 3, new

	4
	 
	 
	Sounding in DL CC 4, new

	5
	 
	 
	Sounding in DL CC 5, new


Table 1: SRS carrier switching scenario
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Figure 1: SRS switching scenarios
For the case 1, the UE transmits the PUSCH in subframe n in CC2, and switches to CC3 to transmit SRS in the following subframe. In this case, it needs to be clarified whether 13 SC-FDMA symbols are enough for UE re-tuning from CC 2 to CC3, and whether the UE will interrupt the UL transmission in subframe n+1 in CC1, i.e., Pcell.

For the case 2, the UE transmits the SRS in CC3 in subframe n, and switches to CC4 to transmit sounding signal in subframe n+1. It needs to be clarified whether 13 SC-FDMA symbols are enough for UE re-tuning from CC 3 to CC4 and whether the interruption is introduced for Pcell.
For the case 3, UE transmits SRS in CC3 in subframe n and in the following subframe UE switches back to its UL and DL serving cell. Clearly in this case, the service in subframe n+1 in CC2 would be interrupted, because UE needs the re-tuning time after the SRS transmission.
For the case 4, two aspects need to be clarified. First, whether it is possible for UE to receive the PDSCH in DwPTS in CC2 and transmit the SRS in UpPTS in CC3, and whether the GP is enough for UE re-tuning from CC2 to CC3. Second, UE transmits SRS in CC3 and then switches back to CC2 to transmit PUSCH, which is similar as the case 3. In this case the whole PUSCH in CC2 can’t be transmitted just because of the re-tuning.

In short, the re-tuning time and the interruption time are the key points for SRS carrier switching design, which would impact the UE CA performance. 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. Considering the PUCCH can be configured in Scell, it’s better not to use the carrier carrying the PUCCH for SRS switching. Therefore the below questions need to be clarified by RAN4.

1. What is the shortest feasible re-tuning time from one CC to another CC?
2. When UE is switching from one CC to another CC, whether the service on configured UL CCs are the interrupted. 

3. If interruption is allowed, what interruption time should be assumed?
Based on above analysis, we have the following proposal.  

Proposal: Send an LS to RAN4 to ask about the interruption time and the re-tuning time for fast SRS switching among DL carriers.
3
TA acquisition for non-UL carriers
One pre-condition for UE to transmit SRS on a non-UL carrier is that UE has valid TA for that carrier. According to current specification, if the DL carrier is configured, the related TA group can be configured by RRC signalling as well. However, in case the carrier does not belong to any TAG of UL carriers, and only SRS is allowed to be transmitted on non-UL carrier, it is hard for UE to acquire the valid TA. As a result UE cannot switch to that carrier for sounding. Otherwise, if PRACH is allowed to be transmitted on non-UL carriers, UE could get the TA via PRACH procedure and adjust the SRS transmission power. And another way is that SRS switching is only allowed to the carriers with the same TAG as UL carriers. Thus we would like to clarify whether only SRS is allowed to be transmitted on non-UL carriers.
Observation: It needs to be clarified whether only SRS is allowed to be transmitted on non-UL carriers.
4
Conclusion
In this contribution, we discussed the potential issues related to interruption due to SRS switching among DL carriers, and TA acquisition for non-UL carriers, which are critical for the SRS carrier switching design. Based on our analysis, the following proposal is made. 
Proposal: Send an LS to RAN4 to ask about the interruption time and the re-tuning time for fast SRS switching among DL carriers.
Observation: It needs to be clarified whether only SRS is allowed to be transmitted on non-UL carriers.
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