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1. Introduction

In RAN4 #92 meeting, Tx switching between two uplink carriers was discussed, with some initial agreements reached in [1].
In RAN #85 meeting, the proposal on UE requirements to allow switching between two uplink carriers was endorsed in [2] after extensive discussion, and the following objective was added in the revised WID of “RF requirements for NR frequency range 1” [3].
· 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.

The contribution discusses the UE requirements to allow switching between case 1 and case 2.
2. Discussion
2.1  Length of switching period
In RAN4 #92 meeting, the following agreements were reached regarding the length of the switching period:
· Based on the input in this meeting, consider different UE capabilities for the length of switching period, including 0us, 35us, 140 us, 900 us.
· Other options are not precluded

· Technical analysis on the numbers are encouraged

· For UEs supporting switching period larger than [X] us, it can be assumed that this UE does not support the Tx switching between two uplink carriers.

· Intend to limit the number of options if possible

Our contribution to RAN #85 provided technical analysis on the different lengths of switching period, based on the investigation from chipset vendors [4].
On one hand, the length of switching period is up to UE implementation. On the other hand, when the switching period is larger than a certain number, we are afraid that the performance gain by Tx switching will be impacted. So, it is very important to set a threshold on the length of switching period, and it was agreed in the last RAN4 meeting that: for UEs supporting switching period larger than [X] us, it can be assumed that this UE does not support the Tx switching between two uplink carriers.
For the exact number of X, our proposal is 140 us, which corresponds to 2 OFDM symbols for 15kHz SCS and 4 OFDM symbols for 30kHz SCS with normal CP.
Proposal 1: For UEs supporting switching period larger than 140 us, it can be assumed that this UE does not support the switching between two uplink carriers.
One issue to be clarified is whether the transient period, i.e., 10 us for NR and 20 us for LTE, is included in the switching period.
Proposal 2: Clarify whether the transient period, i.e., 10 us for NR and 20 us for LTE, is included in the switching period.
2.2  Location of switching period
In RAN4 #92 meeting, the following agreements were reached regarding the location of the switching period:

· For the location of the switching period, the following options are for further considerations and down-selection:

· For EN-DC

· Option 1: in NR carrier

· Option 2: UE follows BS schedule

· Options for both UL CA and SUL

· Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier

· Option 2: UE follows BS schedule

· Option 3: on UL carrier without PUCCH with A/N

· Options for UL CA only, but not for SUL

· Option 1: the switching period is placed in 1Tx carrier

· Options for SUL only, but not for UL CA

· Option 1: the switching period is placed in SUL carrier

For EN-DC, the switching of uplink transmission across carriers happens on the boundary of LTE sub-frame and NR slot. With the assumption of no change on LTE physical layer design, the switching period is proposed to be located on NR carrier.
Proposal 3: For EN-DC, locate the switching period on NR carrier.
For UL CA and SUL, since both uplink carriers are NR carriers, our suggestion is to select the same option for the switching period location, which could make the discussion more efficiently and help ensure the timely completion of the feature in Rel-16.

For the common options for UL CA and SUL, in our view, option 1 (semi-statically configured in 1Tx carrier or 2Tx carrier) can be seen as one implementation of option 2 (UE follows BS schedule). Moreover, option 1 allows the network flexibility to configure the location of switching period, while avoiding impacting RAN1 spec.
For option 3, i.e., locate switching period on UL carrier without PUCCH with A/N, in general it looks good from the perspective of minimizing impact on PUCCH performance. One issue is that, for NR CA, there can be up to two PUCCH groups. Although two NR PUCCH groups with same or different numerologies are optional UE feature, the possibility of transmitting PUCCH on two uplink carriers cannot be precluded. In addition, for CA with one PUCCH group, option 3 can also be realized by option 1, at the cost of additional RRC signalling. 

In the last RAN4 meeting, some options on fixing switching period in one of the two carriers were proposed. For us, these options restrict the network flexibility and are not preferred.

Proposal 4: For UL CA and SUL, select the same option for the switching period location.
Proposal 5: For UL CA and SUL, semi-statically configure the switching period on one of the two uplink carriers.
2.3  DL interruption due to UL switching

In RAN #85, the issue of DL interruption due to UL switching was raised. From operator perspective, the DL interruption is not favourable. From UE perspective, the DL interruption may or may not happen, depending on UE architecture, e.g., separate or shared PLL for DL and UL. If unfortunately, for some band combinations, DL interruption cannot be avoided for some UE implementations, different capabilities should be defined for UEs with and without DL interruption, and RAN4 need to discuss DL interruption happens on one or both carriers for EN-DC and CA. 
Moreover, the DL interruption (if any) happens during the UL switching, and the RAN5 test setup for UL switching and DL interruption shall be designed together. So we think the DL interruption time should not be longer than UL switching time, and the corresponding requirements (if any) should be defined in RF spec instead of RRM spec.
Proposal 6: Encourage to avoid any DL interruption due to UL switching if possible.
Proposal 7: If DL interruption cannot be avoided for some UE implementations,
· Define different capabilities for UEs with and without DL interruption,
· Discuss DL interruption happens one or both carriers for EN-DC and CA,

· Define DL interruption requirements (if any) in RF spec, and DL interruption time should not be longer than UL switching time.

2.4  RRM switching delay

In our understanding, the switching time proposed in the last RAN4 meeting include both RF and baseband (if any) retuning time. In RAN5 conformance test for Rel-15 time mask requirement, uplink PUSCH physical data channel is scheduled before and after the transient period. So, we do not see the additional test point with RRM switching delay requirement, and it just doubles the number of test cases.
Proposal 8: Not define RRM switching delay requirement in addition to the RF time mask requirement.
2.5  UE capability reporting

According to the WID, per band per band combination or per band combination UE capability signaling will be defined if needed.

In [5], it proposed to specify the capability per pair of bands in each band combination for SUL and EN-DC. We think this is a good approach and can also be used for UL CA.
Moreover, this approach has already been used for UE capability reporting on SRS carrier switching, as seen in the table below.

Table 1: UE capability reporting on SRS carrier switching (in sub-clause 4.2.7.1 of TS 38.306)
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	srs-SwitchingTimeNR

Indicates the interruption time on DL/UL reception within a NR band pair during the RF retuning for switching between a carrier on one band and another (PUSCH-less) carrier on the other band to transmit SRS. switchingTimeDL/ switchingTimeUL : n0 represents 0 us, n30us represents 30us, and so on. switchingTimeDL/ switchingTimeDL is mandatory present if switching between the NR band pair is supported, otherwise the field is absent. It is signalled per pair of bands per band combination.
	FD
	No
	No
	No


Proposal 9: Report the capability per pair of uplink bands in each band combination.
3. Conclusion

The contribution discussed the UE requirements to allow switching between two uplink carriers, with the following proposals.
For the length of switching period:
Proposal 1: For UEs supporting switching period larger than 140 us, it can be assumed that this UE does not support the switching between two uplink carriers.
Proposal 2: Clarify whether the transient period, i.e., 10 us for NR and 20 us for LTE, is included in the switching period.
For the location of switching period:
Proposal 3: For EN-DC, locate the switching period on NR carrier.
Proposal 4: For UL CA and SUL, select the same option for the switching period location.
Proposal 5: For UL CA and SUL, semi-statically configure the switching period on one of the two uplink carriers.
For DL interruption due to UL switching:

Proposal 6: Encourage to avoid any DL interruption due to UL switching if possible.
Proposal 7: If DL interruption cannot be avoided for some UE implementations,
· Define different capabilities for UEs with and without DL interruption,

· Discuss DL interruption happens one or both carriers for EN-DC and CA,

· Define DL interruption requirements (if any) in RF spec, and DL interruption time should not be longer than UL switching time.

For RRM switching delay:

Proposal 8: Not define RRM switching delay requirement in addition to the RF time mask requirement.
For UE capability reporting:

Proposal 9: Report the capability per pair of uplink bands in each band combination.
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