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Introduction
During RAN#71, a new WI has been approved to introduce SRS carrier based switching for LTE [1]. The objectives of the core part of the WI include the following:
[bookmark: OLE_LINK7]The WI is to specify enhancements for networks operating with CA. The objectives of the WI are:
· [bookmark: OLE_LINK10]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, based on the above objective, we describe UE RF issues related to SRS carrier based switching. 
UE RF challenges 
UL Power Control issues
Different power control parameters for different carriers
Since a carrier on which SRS carrier based switching is performed can be in a spectrum which is very different than the current spectrum, thus the power control parameters will be very different. 
Moreover, due to different MPR/A-MPR requirements in different carriers, the final output power levels can be very different. This can create challenges for UL power control adjustments.
UL power control accuracy
As we have shown in our companion contribution [2], we can have a scenario where SRS carrier based switching can be performed on up to 4 carriers considering Rel-14 CA combinations. In this case, the SRS carrier based switching may need to be done quite frequently. 
There is an additional UE power control tolerance issue which is described here. In [3], absolute and relative power tolerance are defined to control the UL transmit power quality. Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20ms. The absolute power tolerance is ± 9.0 dB in normal conditions and ± 12.0 dB in extreme conditions and applies over the power range bounded by the Maximum output power and the Minimum output power. The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms.
For achieving UL power control accuracy, it is desired to transmit consecutive SRS transmission with a transmission gap less than 20ms. In that case, relative power levels can be used. 

Switching time for SRS carrier based switching
Switching time will play an important role for SRS carrier based switching for TDD systems. There can be a number of cases which need to be considered for this. Also, both RF switching and baseband switching are required to determine the final switching time. 
The RF switching time corresponds to switching to new carrier (inter-band or intra-band) from RF component point of view. The baseband switching time corresponds to switching to baseband parameters of the new carrier.  	When switching is done to different antenna, different VCO, etc, then more time is needed for total carrier switching, since transmission of new carriers may require more time for total switching.
As an example: a UE is configured to transmit in one Scell, namely SCell#1 in SF#1. The same UE perform SRS switching in SF#2 for a second Scell, namely SCell#2. SCell#2 transmission in SF#2 is for SRS transmission only 
Switching happens at the beginning of SF#2, and SRS configuration for SCell#2 is already known to the UE when SRS grant was received. So, the switching time involves RF switching.  Baseband configuration is already taken care of when RF switching happens. 

	
	RF switching time
	Different antenna, different VCO, etc case
	[bookmark: _GoBack]Total RF switching time (Max)

	Inter-band case without antenna switching
	100-200µs
	Not needed
	200µs

	Inter-band case with antenna switching
	100-200µs
	10-30us
	230 µs

	Intra-band case
	100-200µs
	Not needed
	200 µs

	Combination of inter- and intra-band case without antenna switching
	100-200µs
	Not needed
	200 µs

	Combination of inter- and intra-band case with antenna switching
	100-200µs
	10-30us
	230 µs



To put in a context, the RF switching time alone is almost 3 PUCCH symbols in worst case, i.e. almost half a slot. That would cause problems to Reference signals in almost all uplink formats.
It is worth mentioning here that, SRS carrier based switching is different compared to FeMTC carrier switching case, where the UE switches narrowband carriers within the channel BW of the BS, thus, this is of frequency hopping type. That’s why a switching time of up to 2 OFDM symbols is considered.
Different SRS bandwidth in different carrier
When the carrier to which SRS carrier based switching will occur has different SRS bandwidth and other different SRS configuration parameters, then the switching time will increase accordingly.
Switching time due to different TAGs
The impact of SRS carrier based switching procedure on a scenario where carriers belong to different TAGs is not known. Maximum TA is the magnitude of the TA difference between any two TAGs configured at the UE in µs. Max TA could be the magnitude of the current TA difference between the two TAGs between which carriers are to be switched. Max TA can also be the magnitude of the maximum TA difference between the two TAGs between which carriers are to be switched. In a typical CA and DC scenario where SRS switching can be applied, Max TA is in the order of 32.47 µs and 35.21 µs respectively.
One solution could be to add max TA for the case when the carrier to be switched in on a different TAG. 
	
	Total RF switching time (Max)
	Total  switching time including Max TA for CA 
	Total switching time including Max TA for DC

	Inter-band case without antenna switching
	200µs
	232.47µs 
	235.21µs

	Inter-band case with antenna switching
	230 µs
	262.47µs
	265.21µs

	Intra-band case
	200 µs
	232.47µs
	235.21µs

	Combination of inter- and intra-band case without antenna switching
	200 µs
	232.47µs
	235.21µs

	Combination of inter- and intra-band case with antenna switching
	230 µs
	262.47µs
	265.21µs



Switching time due to LBT in unlicensed operation
If one of the switched carriers is in unlicensed band or in any other band where LBT is required, then total switching time will be increased. In this case, LBT duration will also be added. 
For SRS transmission, 25 µs is agreed as LBT duration for one-shot LBT within eNB shared MCOT [4]. For Cat 4 LBT outside of eNB shared MCOT when the channel is idle, it is still under discussion. One proposal is to define it as 61 µs which corresponds to 3 time slots for sensing (27µs) and a total of 34µs for defer period (16µs+2*9 µs) [5]. 
Please note that, for busy channel, the LBT may not be successful and total time added for LBT will be increased.
Based on the above, we consider 61us and update the final switching time as follows:
	
	Total RF switching time (Max)
	Total  switching time including Max TA and LBT for CA 
	Total switching time including Max TA and LBT for DC

	Inter-band case without antenna switching
	200µs
	293.47µs 
	296.21µs

	Inter-band case with antenna switching
	230 µs
	323.47µs
	326.21µs

	Intra-band case
	200 µs
	293.47µs
	296.21µs

	Combination of inter- and intra-band case without antenna switching
	200 µs
	293.47µs
	296.21µs

	Combination of inter- and intra-band case with antenna switching
	230 µs
	323.47µs
	326.21µs



Conclusion
In this paper, we presented a number of UE challenges when SRS carrier based switching is used for TDD carriers. 
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