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Introduction
In RAN4#90 meeting, the following WF [1] was approved:
	· SRS antenna switching time for FR2 applies for switching cases both in the same panel and between two panels.
· SRS antenna switching time for FR2 study both SCSs 60kHz and 120kHz.
· Whether SRS antenna switching can be less than 1 symbol (8.93us) will be further studied in next RAN4 meeting.


In this paper, we share our understanding on the “panel” and address two main potential issues, i.e. antenna preparation time and UE power consumption.
Discussion
Background
When RAN4 discussed and sent the reply LS [2] which was used for RAN1 discussion for defining SRS antenna switching time specification in TS 38.214, the reply LS was generic for both FR1 and FR2. However, whole discussions on SRS antenna switching by that time were based on FR1 case where SRS antenna array switching (or panel switching in some RAN4 discussion) was not considered. In consequence, RAN1 specification does not differentiate between beam switching within the same antenna array and across different antenna arrays. From network perspective, there is no way to differentiate between two and it is UE implementation choice.

[bookmark: _GoBack]Observation #1: RAN1 specification does not differentiate between beam switching within the same antenna, i.e., same physical antenna , and across different antenna, i.e., different physical antenna array (“panel” in the WF).
Observation #2: It is up to UE implementation which way of SRS antenna switching to support. 

Furthermore, there is no RAN1 definition and RAN1 just started discussion recently on the definition of “antenna panel” under Rel-16 eMIMO WI. It is our understanding that RAN4 should avoid to use the undefined or unclear terminology which definitely causes confusion of understanding or interpretation of specifications. 

Observation #3: There is no RAN1 definition on “antenna panel” and RAN1 just started discussion recently on the “panel” for Rel-16. 
Propose #1: To avoid potential confusion of understanding and interpretation of the specifications, it is proposed to use other terminology at least for Rel-15.
Propose #2: It is proposed to revise the first bullet in the WF as follow:
· Revise to “SRS antenna switching time for FR2 applies for all cases of switching the antenna port that is used for SRS”.

In our view, switching time itself whether 1 symbol or 2 symbol time is not critical question as long as the 2nd antenna is ready for SRS antenna switching. More important aspect would be whether UE has sufficient time for SRS antenna switching preparation.

Observation #4: More important aspect would be whether UE has sufficient time for SRS antenna switching preparation.

The rest of part of the paper discusses preparation time and power consumption aspects. They are closely related each other and UE has to balance between these two aspects. These aspects are of importance in case of multiple (physical) antennas scenario.


Preparation time aspect
Figure 1 shows SRS antenna switching procedures based on TS 38.214 and 38.331.


Figure 1. SRS antenna switching procedures


In the figure, RRC processing delay, N2 (PUSCH preparation procedure time) and Y (minimum guard period) are defined in Table 12.1-1 in TS 38.331, Tables 6.4-1 and Table 6.2.1.2-1 in TS 38.214, respectively. The associated tables are listed in Appendix.
Current RRC specification (TS 38.331) defines 10 ms for RRC Processing delay which includes message decoding time and application time for the message. Then UE sends RRCReconfigurationComplete message to gNB. UE is now ready for SRS antenna switching and wait for a DCI command from the network. Once DCI command is triggered by the network, UE has time N2 for decoding the DCI message. 
In our view, there would be enough time for UE to prepare for SRS antenna switching, i.e. RRC Processing delay. Once UE is ready for SRS antenna switching, then switching time (Y) is not a concern, in our understanding.

Observation #5: There would be enough time for UE to prepare for SRS antenna switching, i.e. ramping up the 2nd or more physical antenna(s). Then the switching time (Y) would not be a concern.

However, if there is DCI command after long time or no command from network, UE power consumption would be very huge, especially in case of active multiple (physical) antennas.


Power consumption aspect
Based on our initial assessments, relative power consumption of active mode to sleep (power save) mode and sleep mode to OFF mode are ~100 and ~15 – 20, respectively. So active mode consumes 100 times more than sleep and sleep mode power consumes 15 – 20 times more than OFF mode. This is summarized in Table 1 below.

	Antenna Mode
	Relative Power Consumption
	Relative To

	OFF
	1
	OFF (Reference)

	Sleep (power save)
	15 - 20
	OFF

	Active 
	100
	Sleep


Table 1. Relative power consumptions of antenna modes


Based on the current specification, UE has to wait for the DCI command for SRS antenna switching operation from the network. In a specific operation scenario where two or more antenna have to be active, this is very critical for UE power management point of view. Considering power consumption is one of key design and operation metrics, it would be greatly beneficial for UE to introduce a timer. 

Observation #6: In case of multiple active antennas, UE power consumption would be very huge if there is no DCI command from network, or DCI command is received by UE after long time.

If UE receives DCI command for SRS antenna switching within the timer window, then UE follows the current procedure. If there is no DCI command within the timer window, the 2nd antenna might be in power save or OFF mode to save power consumption. Figure 2 shows this scenario. 
If DCI command is received the outside of the timer window, then UE can do SRS antenna switching in new time Y’ (Y’ > Y). Considering the worst case (OFF to active mode), it takes ~3 ms for UE to ramp up 2nd or multiple antenna(s), i.e. OFF mode to active mode. Figure 3 describe this scenario.



Figure 2. SRS antenna switching procedure in case UE receives DCI command within a timer window period




Figure 3. SRS antenna switching procedure in case UE receives DCI command after the timer is expired


There might be multiple SRS soundings operations and not just one DCI occurrence. To address this scenario, a new timer is introduce after each SRS antenna switching operation is performed. During the new timer period, UE waits another possible DCI command. After the the timer expires, the 2nd antenna goes to OFF mode. This scenario is shown in figure 4.


Figure 4. Introducing a new timer after each SRS antenna switching operation for the case of multiple SRS antenna switching operations


There is a tradeoff between timer window and UE power consumption. In our assessment, no more than 10 ms, i.e., 1 frame, would give a well balance between performance and power management.

Proposal #3: Introduce a timer to UE for SRS antenna switching purpose. Network may configure the timer or UE may trigger the timer by itself.
Proposal #4: Timer window is no more than 10 ms, i.e., 1 frame, to balance between UE performance and power consumption.
Proposal #5: The 2nd antenna will be transited to OFF mode once the timer is expired.
Proposal #6: If DCI command is received the outside of the timer window (after timer is expired), then UE can do SRS antenna switching within a new time Y’ (Y’ > Y), i.e., 3 ms, to give UE to ramp up the 2nd antenna.
Proposal #7: For the case of multiple SRS antenna switching operation, timer is reset after each SRS antenna switching operation. If the timer is expired, the 2nd antenna goes to OFF mode.
Conclusions
In this paper, we made the following observations and proposals:
Observation #1: RAN1 specification does not differentiate between beam switching within the same antenna array and across different antenna array.
Observation #2: It is up to UE implementation which way of SRS antenna switching to support. 
Observation #3: There is no RAN1 definition on “antenna panel” and RAN1 just started discussion recently on the “panel” for Rel-16. 
Observation #4: More important aspect would be whether UE has sufficient time for SRS antenna switching preparation.
Observation #5: There would be enough time for UE to prepare for SRS antenna switching, i.e. ramping up the 2nd or more physical antenna(s). Then the switching time (Y) would not be a concern.
Observation #6: In case of multiple active antennas, UE power consumption would be very huge if there is no DCI command from network, or DCI command is received by UE after long time.

Propose #1: To avoid potential confusion of understanding and interpretation of the specifications, it is proposed to use other terminology at least for Rel-15.
Propose #2: It is proposed to revise or remove the first bullet in the WF as follow:
· Option 1: Revise to “SRS antenna switching time for FR2 applies for switching cases both in the same antenna port and between different antenna ports.”
· Option 2: Remove the first bullet in the WF.
Proposal #3: Introduce a timer to UE for SRS antenna switching purpose. Network may configure the timer or UE may trigger the timer by itself.
Proposal #4: Timer window is no more than 10 ms, i.e., 1 frame, to balance between UE performance and power consumption.
Proposal #5: The 2nd antenna will be transited to OFF mode once the timer is expired.
Proposal #6: If DCI command is received the outside of the timer window (after timer is expired), then UE can do SRS antenna switching within a new time Y’ (Y’ > Y), i.e., 3 ms to give UE to ramp up the 2nd antenna.
Proposal #7: For the case of multiple SRS antenna switching operation, timer is reset after each SRS antenna switching operation. If the timer is expired, the 2nd antenna goes to OFF mode.
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Appendix
· RRC reconfiguration time is defined by Table 12.1-1 in TS 38.331:
Table 12.1-1: UE performance requirements for RRC procedures for UEs
	Procedure title:
	Network -> UE
	UE -> Network
	Value [ms]
	Notes

	RRC Connection Control Procedures

	RRC reconfiguration

	RRCReconfiguration
	RRCReconfigurationComplete
	10
	

	RRC reconfiguration (scell addition/release)
	RRCReconfiguration
	RRCReconfigurationComplete
	16
	

	RRC reconfiguration (SCG establishment/ modification/ release)
	RRCReconfiguration
	RRCReconfigurationComplete
	16
	

	RRC setup
	RRCSetup
	RRCSetupComplete
	10
	

	RRC Release
	RRCRelease
	
	NA
	

	RRC re-establishment
	RRCReestablishment
	RRCReestablishmentComplete
	FFS
	

	RRC resume
	RRCResume
	RRCResumeComplete
	10
	

	RRC resume (scell addition/release)
	RRCResume
	RRCResumeComplete
	16
	

	Initial security activation
	SecurityModeCommand
	SecurityModeComplete/SecurityModeFailure
	5
	

	Initial security activation + RRC reconfiguration
	SecurityModeCommand, RRCReconfiguration
	RRCReconfigurationComplete
	FFS
	The two DL messages are transmitted in the same TTI

	Other procedures

	UE assistance information
	
	UEAssistanceInformation
	NA
	

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	FFS
	

	Counter check
	CounterCheck
	CounterCheckResponse
	5
	




· N2 (PUSCH preparation time) is defined by Table 6.4-1 in TS 38.214:
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36




· The minimum guard period Y is defined by Table 6.2.1.2-1 in TS 38.214:
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2
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