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Discussion and Decision
1      Introduction
In RAN #85 meeting, the following objective was added in the revised WID of “RF requirements for NR frequency range 1” [1].

· 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.
During RAN4 #92bis meeting, RAN4 discussed the UE requirements to allow switching between case 1 and case 2 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. It was clarified in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission [2]. An LS [3] was sent to RAN1 based on agreements achieved in RAN4 #92bis meeting, RAN4 reached the following consensus:

· 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

· RAN4 agreement on the location of the switching period

· For EN-DC: in NR carrier

· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers
· RAN4 agreement on the transient period

· Define transient period in addition to the switching period

· Length of transient period: 10 us for NR, 20 us for E-UTRA

· Additional time for PUSCH preparation procedure

· A potential issue was raised in RAN4 that UL switching period may impact PUSCH preparation procedure time.
· RAN4 can continue discussing on whether the PUSCH preparation time can happen in parallel with the switching time, based on the UE implementation.

2      Discussion
2.1     Length of switching period
· Is there any RAN1 impact on the length of switching period?

· Yes (If yes, what is the exact RAN1 impact?)
· No
· CTC, Huawei, HiSilicon, ZTE, vivo, Samsung, CATT, MTK, Qualcomm, OPPO
· The determination of length of switching period is up to RAN4.

· Support: CTC, Huawei, HiSilicon, ZTE, vivo, Samsung, CATT, MTK, Qualcomm, OPPO
Agreements: (in response to RAN4 LS)
· There is no RAN1 impact on the length of switching period.

· The determination of length of switching period is up to RAN4.
2.2     Location of the switching period
· Is there any RAN1 impact on the location of switching period?

· Yes (If yes, what is the exact RAN1 impact?)
· No

· CTC, Huawei, HiSilicon, ZTE, vivo, Samsung, CATT, MTK, Qualcomm, OPPO
Agreements:

· In response to the RAN4 LS, RAN1 sees no issues on the location of the switching period.
2.3     Transient period
· Is there any RAN1 impact on transient period?

· Yes (If yes, what is the exact RAN1 impact?)
· No
· CTC, Huawei, HiSilicon, ZTE, vivo, Samsung, CATT, MTK, Qualcomm, OPPO
· The determination of transient period is up to RAN4.

· Support: CTC, Huawei, HiSilicon, ZTE, vivo, CATT, MTK, Qualcomm, OPPO
Agreements: (in response to RAN4 LS)
· There is no RAN1 impact on the transient period.

· The determination of transient period is up to RAN4.

2.4     Additional time for PUSCH preparation procedure

· If the UL switching period is configured by RRC and the UL switching period does not exist, the additional time for PUSCH preparation procedure is not needed.
· If the UL switching period is configured by RRC and the UL switching period actually exists due to Tx switching, whether additional time is needed for PUSCH preparation procedure?
· Option 1: Yes

· CTC, Qualcomm, MTK, OPPO
· Option 2: No

· Nokia, NSB
· If additional time is needed, how long is the additional time?
· Option 1: Equal to the length of UL switching period
· CTC, MTK
Agreements:

· If the UL switching period does not exist, additional time is not needed for PUSCH preparation procedure.

· If the UL switching period actually exists due to Tx switching
· Additional time is needed for PUSCH preparation procedure time.

· The length of the additional time will be decided in next RAN1 meeting.

2.5     Handling of transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2
· For standalone SUL
· No such issue

· For inter-band UL CA
· Option 1: Transmission collision can be avoided by network scheduling. UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.
· CTC, Huawei, HiSilicon, ZTE, vivo, Samsung, Qualcomm, MTK, CATT, OPPO
· Option 2: Specify UE behaviour for handling of transmission collision
· Nokia, NSB
· Option 3: Handling of transmission collision is up to UE implementation
· For inter-band EN-DC without SUL
· Option 1: Reuse the mechanism specified for EN-DC single Tx operation
· CTC, Huawei, HiSilicon, ZTE, Samsung, vivo, CATT, MTK, OPPO
Agreements:

· For standalone SUL
· No such issue of concurrent transmission between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.

· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
· For inter-band UL CA, UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.
· It is captured in RAN1 spec.
· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
Proposal

· Option 1: For inter-band EN-DC without SUL, reuse the mechanism specified for EN-DC single Tx operation to handle transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
· Option 2: For inter-band EN-DC without SUL, at least the Rel-15 mechanism specified for EN-DC single Tx operation can be reused to handle transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
	Agreements (RAN1#96):

For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config

· For DL HARQ timing, the DL-reference UL/DL configuration is applied

· Only LTE TDD Pattern 2, 4, 5 can be used as DL-reference

· For UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6, 

· FFS: whether/how to support TDD pattern 0/6 for LTE PCell

· UE is not expected to transmit on the MCG and SCG simultaneously

· For type 2 UE (i.e., UE without dynamic power sharing capability):

· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration

· For type 1 UE (i.e., UE with dynamic power sharing capability): 

· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration

· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration

· If there is a collision, 

· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH

· In other UL subframes, UE behaviour to be expected to specified with details FFS

· E.g., drop LTE PUSCH, drop NR PUSCH, etc.

· FFS for the case of NR SRS & NR PRACH

· Note: the impact of switching time (if non-zero) will be further studied.

· Note: the above does not assume any restriction between gNB and eNB (e.g., tight coordination)

· FFS: whether/how to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD PCell)


	Agreements (RAN1#98bis):

· For the single-Tx case, for FDD LTE Pcell,

· All uplink subframes can be scheduled for LTE for type 1 UEs

· In which case, NR transmission is dropped for when the LTE and NR transmissions collide

· Note: there is no change of UL scheduling timing for LTE


2.6     Condition of the existence of UL switching period

2.6.1  Standalone SUL
· For a carrier configured with switching period, the switching period does not always exist.

· For standalone SUL, the switching period only exists when UE is scheduled UL transmission between on carrier 1 and carrier 2.
· For case 1, 1-port transmission on carrier 1 is supported.

· For case 2, 1-port transmission on carrier 2, 2-port transmission on carrier 2 are supported.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


· Is there any RAN1 impact on the condition of existence of UL switching period?

· Yes (If yes, what is the exact RAN1 impact?)
· No

· CTC, Huawei, HiSilicon, Samsung, vivo, CATT, MTK
Agreements:

· For standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
Note: in the reply LS to RAN4, add a bit more details explaining UL transmission occasion based on 38.213. 
2.6.2  Inter-band UL CA and inter-band EN-DC without SUL
· For inter-band UL CA and inter-band EN-DC without SUL, the condition of the existence of UL switching period depends on whether UE can be scheduled on carrier 2 for case 1.
· Option 1: UE can only be scheduled UL transmission on carrier 1 for case 1, the switching period only exists when the scheduled UL transmissions are switched between carrier 1 and carrier 2.

· For case 1, 1-port transmission on carrier 1 is supported.

· For case 2, 1-port transmission on carrier 2, 2-port transmission on carrier 2 are supported.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


· Option 2: UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1 simultaneously
· Option 2-1: The switching period only exists when the scheduled UL transmissions are switched between 2-port transmission on carrier 2 and 1-port transmission on carrier 1 or carrier 2.
· For case 1, 1-port transmission on carrier 1, 1-port transmission on carrier 2, 1-port transmission on both carrier 1 and carrier 2 are supported.

· For case 2, 2-port transmission on carrier 1 is supported.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P


· Option 2-2: 

· For case 1, 1-port transmission on carrier 1, 1-port transmission on both carrier 1 and carrier 2 are supported.

· For case 2, 1-port transmission on carrier 2, 2-port transmission on carrier 2 are supported.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


· Option 1: UE can only be scheduled UL transmission on carrier 1 for case 1.

· Support: Huawei, HiSilicon, ZTE, vivo, MTK, CATT, OPPO
· Is there any RAN1 impact for option 1?

· For inter-band UL CA, UE is not expected to be scheduled on carrier 1 and on carrier 2 simultaneously.
· For inter-band EN-DC without SUL, reuse EN-DC single Tx operation.
· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
· Option 2: UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1 simultaneously
· Support: Nokia, NSB, Qualcomm
· Is there any RAN1 impact for option 2?
· Need to be clarified.
Proposed by Qualcomm

· Is there any RAN1 impact for option 2?
· For inter-band UL CA, UE determines switching based on scheduling information

· Presence of switching depends on whether a transmission using two Tx is requested on the carrier supporting two Tx

· RAN4 to determine whether a single port transmission with TxDiv is considered a transmission using two Tx for switching determination purposes

· When the carrier supporting two ports is TDD, no switching between consecutive UL slots (including UL part of mixed DL/UL slots) or within UL slots on that TDD carrier
· No support for the case where the carrier supporting two Tx is FDD and the carrier supporting one Tx is TDD

· No support for the case where both carriers are FDD
· For inter-band EN-DC, reuse Rel-15 EN-DC single UL Tx operation with FDD PCell

· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes

· No change to LTE operation

Proposed by Nokia

UL CA UE is supposed to be able to transmit on two carrier simultaneously and UL MIMO UE is supposed to have 2 Tx ports available on the UL carrier to transmit MIMO.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+1P

	Case 2
	0T+2T
	0P+2P


Proposals:
· For inter-band UL CA, RAN1 has identified the following RAN1 impact for option 1:
· UE is not expected to be scheduled on carrier 1 and on carrier 2 simultaneously.
· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
· The condition of the presence of the switching period is captured in RAN1. There is no RAN4 impact.

· There is no other RAN1 impact.
· For inter-band UL CA, RAN1 has identified the following RAN1 impact for option 2:
· Presence of switching depends on whether a transmission using two Tx is requested on the carrier supporting two Tx

· When the carrier supporting two ports is TDD, no switching between consecutive UL slots (including UL part of mixed DL/UL slots) or within UL slots on that TDD carrier, guaranteed by network.
· There is no Tx diversity.
· The condition of the presence of the switching period is captured in RAN1. There is no RAN4 impact.

Proposal:

· Alt 1: Option 1 is supported.
· Alt 2: Option 2 is supported.
· Alt 3: Both option 1 and option 2 are supported. Network can configure one of the two options by RRC.
Proposal:
   For inter-band EN-DC UEs in operation of UL switching between Case 1 and Case2, reuse Rel-15 EN-DC HARQ timing case 1 (i.e. configuration tdm-PatternConfig-r16) with FDD PCell

​          UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes

o    In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission.

​          No change to LTE operation

​          UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration

​          For Type-1 UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.

2.7     Reply LS
	1. Overall Description:

RAN1 thanks RAN4 for the LS on switching period between case 1 and case 2. RAN1 has reached the following agreements in RAN1#99 meeting:

Agreements: (in response to RAN4 LS)

· There is no RAN1 impact on the length of switching period.

· The determination of length of switching period is up to RAN4.

Agreements:

· In response to the RAN4 LS, RAN1 sees no issues on the location of the switching period.

Agreements: (in response to RAN4 LS)

· There is no RAN1 impact on the transient period.

· The determination of transient period is up to RAN4.

Agreements:

· If the UL switching period does not exist, additional time is not needed for PUSCH preparation procedure.

· If the UL switching period actually exists due to Tx switching

· Additional time is needed for PUSCH preparation procedure time.

· The length of the additional time will be decided in next RAN1 meeting.

Agreements:

· For standalone SUL
· No such issue of concurrent transmission between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.

· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
· For inter-band UL CA, UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.
· It is captured in RAN1 spec.
· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
Agreements:

· For standalone SUL, if UL switching period is configured by RRC

· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.

UL transmission occasion refers to PUSCH/PUCCH/SRS/PRACH transmission occasion defined in clause 7 of TS 38.213.

2. Actions:

To RAN WG4:

ACTION: 
RAN1 respectfully asks RAN4 to take the above information into account.


Offline agreements:
· RAN1 sends reply LS on the above agreements to RAN4 in this RAN1 meeting.

· If additional agreements are reached in this meeting, the additional agreements are appended in the reply LS.
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