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1 Introduction
According to agreement of Rel-17 Work plan, SRS antenna port switching related requirement will be specified:
	· Specify RRM requirement for SRS antenna port switching, e.g.
· Interruption requirement
· Potential impact on other RRM requirements


In this contribution, we will provide our views on SRS antenna switching for FR2 and also on the respective interruption requirements.
2 SRS antenna switching time for FR2
SRS antenna switching was discussed in the scope of the Rel-15 NR RF and the conclusions were summarized in in RAN4#88 in the  LS to RAN1 and state that 15uS SRS antenna switching time applies for both FR1 and FR2 [1]. However, we note that RAN4 also mentioned that the SRS switching time for FR2 was not fully discussed and additional investigation was expected.
	RAN4 had agreement that 15us is needed for SRS antenna switching and noticed that the guard period between two SRS resources for antenna switching already considers the switching time in RAN1 specification for different SCS. 
For FR2, same 15us antenna switching time as FR1 can be applied since RAN4 has not discussed SRS switching for FR2. RAN4 will discuss if the switching time can be zero or shorter than 15us in next RAN4 meeting and come back with another reply to original LS.


 
After additional discussion a WF [2] was approved which noted that the 15us SRS antenna switching time applies for FR2. However, the 15us value indeed was based on FR1 scenario and detailed studies on FR2 scenario are needed. Therefore, it was also agreed to continue discussion in Rel-16, but there is no WI scope since then and this question remains open from our point of view.
	Agreements in RAN4#90:
· SRS antenna switching time for FR2 applies for switching cases both in the same panel and between two panels
Agreements in RAN4#90bis:
· RAN4 further discusses SRS antenna switching time in Rel-16.
· Which WI is used and objective is clarified in May meeting.



In our view further discussion on the SRS antenna switching time for FR2 case is required. In particular, the SRS switching scenarios with switching within the same panel and switching between different panels may need to be considered. For FR2 SRS antenna switching in the same panel, 15 us switching time can be applied. However, if SRS antenna switching happens between different panels, 15 us may not be enough, which is dependent on whether the 2nd RF chain is turned ON or OFF.
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.

Current RRC specification (TS 38.331) defines 10ms 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, in case the SRS antenna panel is pre-activated in advance, then the SRS antenna switching time (Y) is not a concern. However, for power saving purposes UE may turn off one of the panels in case it expects that the panel is not actively used. In case all panels are activated all the time, the UE power consumption would be very huge, especially in case of active multiple (physical) antenna panels. There is huge power consumption if 2nd RF is turned on for quite a long time. 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.
In order to save power, 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 procedures if DCI comes later
Therefore, we recommend RAN4 to further discuss the assumptions for FR2 SRS antenna port switching and address possible power consumption issues in case of multi-panel UE implementations. In particular, it needs further discussion  whether extra ramp up timing for another antennas are needed. Also, we recommend to clarify that  current 15us SRS antenna switching time is applied for FR2 case where SRS antenna switch in the same panel.
Proposal 1: Clarify that Current SRS antenna switching time of 15us is applied for FR2 case where SRS antenna switch in the same panel.
Proposal 2: For the case that SRS antenna switching happens between different panels for FR2, it needs further discussion  whether extra ramp up timing for other panels are needed.
3 Interruption requirement
Since SRS antenna switching in one carrier will possibly influence the reception/transmission for other carriers, RAN4 need to study the interruption requirement for SRS antenna switching.
In RAN1, The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set, which is defined in 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




Considering the TA between UL and DL, 1 additional OFDM symbol shall be added to the impacted DL interruption. Then one extra symbol will be considered. The interruption length is (OFDM symbols of UL switching time+1 OFDM symbol). Table 1 shows the DL interruption in the unit of OFDM symbols. 
Table 1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for SRS antenna port switching 
	[image: ]
	NR Slot length (ms)
	Interruption length (symbols)


	0
	1
	2

	1
	0.5
	2

	2
	0.25
	2

	3
	0.125
	3



Proposal 3: 1 additional OFDM symbol shall be added to the impacted DL interruption. The interruption length is 2 symbols for SCS=15KHz/30KHz/60KHz case and 3 symbols for SCS=120KHz case.
4 Conclusion
In this contribution, we provide our views regarding the SRS antenna port switching:
Proposal 1: Clarify that current SRS antenna switching time of 15us is applied for FR2 case where SRS antenna switch in the same panel.
Proposal 2: For the case that SRS antenna switching happens between different panels for FR2, it needs further discussion  whether extra ramp up timing for other antennas are needed.
Proposal 3: 1 additional OFDM symbol shall be added to the impacted DL interruption. The interruption length is 2 symbols for SCS=15KHz/30KHz/60KHz case and 3 symbols for SCS=120KHz case.
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