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1. Introduction

RAN#85 approved the revised WID for FR1 RF requirements in [1], capturing the proposals for UE requirements to support the switching between 1Tx carrier and 2Tx carrier as copied below.

	· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 

Case 1 
1 Tx on carrier 1 and 1 Tx on carrier 2
Case 2 
0 Tx on carrier 1 and 2 Tx on carrier 2 
· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any

· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point

· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed

· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any

· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 

· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  

· Strive to minimize RAN1 impact. 

· Strive to achieve no impact to RAN1 E-UTRAN spec 

· Strive to avoid defining location of switching period impacting RAN1 spec 

· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers

Note 2: Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA

Note 3: The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission

Note 4: The UE is configured with two different uplink carrier frequencies.


This contribution presents discussions on some technical insights upon the switching period for both SUL and EN-DC. We propose to confirm 35us as an UE capability for the switching period length between 1Tx carrier and 2Tx carrier and we propose not to allow any longer period than 140us. 
2. Discussion
The allowed length of the switching periods in the specification should be according to mature considerations upon UE implementation. In the last RAN4 meeting, we have seen the proposals from different vendors on the length of the switching period according to various kinds of RF and baseband implementations [2]. It is agreed that,
	· RAN4 recommendation on the length of UL switching period for defining UE RF requirements and capability reporting:
· [0]us, 35us, 140 us, [250]us

· RAN4 will decide whether 250us will be defined based on UE implementation in RAN4 #93 meeting

· 0us cannot be achieved with the UE implementation of 2 Tx chains in total. RAN4 will decide whether 0us will be defined from RF requirements and/or capability reporting perspective for forward compatibility in RAN4 #93 meeting.

· The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1.

· RAN4 does not preclude the possibility of down-selecting to the single value (e.g., one non-zero value) due to BS complexity issue and system performance.

· RAN4 does not preclude the possibility of introducing UE capability bit to allow different UE implementation. 

· Existing RAN4 requirements will be not impact by introducing of the length of UL switching period


2.1. Length of the switching periods for SUL
In Figure 1 we show the concept of switching between 1Tx uplink carrier and 2Tx uplink carrier for SUL.
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Figure 1: Concept of switching between 1Tx uplink carrier and 2Tx uplink carrier

Among the above candidates, we still consider 35us as the most beneficial one since under the mainstream restriction of 2 concurrent Tx chains it yields the best performance by achieving the shortest period (1 symbol under 30k SCS). The possible implementation for 35us can be considered as in Figure 2.
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Figure 2: Possible implementation for 35us switching period

Besides, it is proposed by companies that 140us of switching period should also be allowed especially for some band combinations and some implementations where separate PA/PLL-s is difficult to implement. The possible implementation for 140us is provided in Figure 3.
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Figure 3: Possible implementation for 140us switching period
For 0us switching period, our understanding is that the UE has to implement 3 dedicated Tx chains including transceiver, PA and power supply to achieve 0us switching period, which may go beyond the current mainstream implementation and needs higher cost, complexity and power consumption.
Proposal 1: Specify 35us and 140us as the only two options from which a UE choose to report its capability of the switching period for SUL case.

2.2. Length of the switching periods for EN-DC
Figure 4 shows the concept of switching between 1Tx LTE uplink carrier (FDD) and 2Tx NR uplink carrier (TDD) for inter-band EN-DC.
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Figure 4: Concept of switching between 1Tx LTE uplink carrier and 2Tx NR uplink carrier
RF switching period

We’ve already provided extensive analysis for SUL on the length of the switching periods and the corresponding possible implementations that accommodate certain capabilities of the UE. 

Similarly, given the limitation of two concurrent transmitters, the non-zero value of switching period should be allowed for EN-DC supporting switching between 1Tx and 2Tx uplink carriers. According to our analysis, 35us and 140us switching periods are achievable depending on the different UE architectures, i.e., whether the PLL frequency retuning needs be conducted or not.

Our idea is to preclude other longer values that would be harmful to the system performance if they are introduced and allowed.

Misalignment between LTE and NR uplink carriers
The difference for EN-DC from SUL case is that there is timing difference between PCell and PSCell downlink CCs. UE should maintain the timing tracking loops for them separately. Companies raised the issue of misalignment of LTE and NR DL timing having impact on the length of the switching period. 
Since it is agreed that we only consider the co-located and synchronized EN-DC cases, it is reasonable to consider following the existing timing alignment requirement for intra-band EN-DC, i.e. to consider 3us as the maximum timing misalignment between LTE and NR downlink carriers, which is aligned with the maximum receive timing difference (MRTD) requirement for the co-located intra-band EN-DC case and can be achievable. Based on it, the maximum transmit timing difference (MTTD) requirement under the case that LTE Tx and NR Tx are configured with two different TAG-s should follow the corresponding requirement for co-located synchronized intra-band EN-DC case, i.e., 5.21us. 

Table 1 and Table 2 are copied from TS38.133 to show the MRTD and MTTD requirements for co-located synchronized intra-band EN-DC, which should be followed when defining the switching requirement for inter-band EN-DC case in our view.

Table 1 (Table 7.6.3-1 in TS38.133): Maximum receive timing difference requirement for intra-band synchronous EN-DC

	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	NOTE 1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.


Table 2 (Table 7.5.3-1 in TS38.133): Maximum uplink transmission timing difference requirement for intra-band synchronous EN-DC

	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	5.21Note1

	15
	30
	5.21

	15
	60
	5.21

	NOTE 1:
This is not applicable for a UE which indicates the capability of only supporting single UL timing (ul-TimingAlignmentEUTRA-NR is signalled). Single UL timing for E-UTRA and NR cell is assumed for this UE.  


So we have the proposal

Proposal 2: Given that only addressing the case of co-located and synchronized deployment for the two UL carriers is required in WID, the maximum transmit timing difference (MTTD) between LTE and NR uplink carriers should follow the requirement for intra-band EN-DC, i.e., less than or equal to 5.21us.

Different from SUL scenario, the additional 5.21us timing difference should be considered. Compared to the proposed RF switching period of 35us and 140us, 5.21us is relatively smaller. And when defining the time mask for the switching, the additional transient periods to accommodate PA power on/off should be taken into account in addition to RF switching period, which is 10us on each of slots being switched from or to. So 5.21us can be covered by 35us and 140us. 

Based on the above analysis, we propose the total number of switching periods should be 35us or 140us depending on the UE capability. Thus we propose that

Proposal 3: Consider 35us and 140us as the only two options from which the UE choose to report its capability of supporting length of the switching period for inter-band EN-DC case.

3. Conclusion
This contribution presents discussions on some technical insights upon the switching period for both SUL and EN-DC. We propose to confirm 35us as an UE capability for the switching period length between 1Tx carrier and 2Tx carrier and we propose not to allow any longer period than 140us. 
Proposal 1: Specify 35us and 140us as the only two options from which a UE choose to report its capability of the switching period for SUL case.

Proposal 2: Given that only addressing the case of co-located and synchronized deployment for the two UL carriers is required in WID, the maximum transmit timing difference (MTTD) between LTE and NR uplink carriers should follow the requirement for intra-band EN-DC, i.e., less than or equal to 5.21us.

Proposal 3: Consider 35us and 140us as the only two options from which the UE choose to report its capability of supporting length of the switching period for inter-band EN-DC case.
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