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In RAN #85 meeting, a WID for RF requirements towards NR FR 1 [1] has been updated as follows:
	· 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.


And during RAN4 #92bis meeting [2], following agreements have been achieved:
	· 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.



RAN1 feedback on these agreements is requested by RAN4 [4], hence our analysis and views are provided in this contribution.
[bookmark: _Ref129681832]Discussions
On the length and location of the switching time 
RAN4 recommends a set of switching time depending on the UE capability. According to the RAN4 agreements, for EN-DC, switching period should be located at NR side. Noted that NR already supports the flexible scheduling at OFDM symbol level, e.g. this switching gap can be arranged by different start point and duration combinations of PUSCH. Hence no additional UE behavior can be found when following the switching-considering scheduling. As for SUL and UL-CA, switching period location is agreed to be semi-statically configured on one specific carrier by RRC. Both NR uplinks in case of SUL and UL-CA supports flexible scheduling as aforementioned. In conclusion, we fail to see any spec impact for RAN4 agreements on the location of the switching for EN-DC, SUL and UL-CA regardless of switching time length that UE reports.
Observation 1: No RAN1 spec is impacted by RAN4 decision on length and location of switching time.
Switching time impacts to the  
For the potential issue raised by RAN4, the switching time may need to be considered into the PUSCH preparing procedure time, the definition of the whole preparing time  is provided in TS 38.214 as follows:

Considering an uplink grant carried by PDCCH, if the PUSCH scheduled by the grant is right after another PUSCH on different carrier, then UE process of Tx switching may be needed in addition to PUSCH preparing procedure. N2 mainly refers to UE baseband processing while the Tx switching between two carriers will cause RF chain preparation. Thus, the minimum time gap between the end of the last symbol of the PDCCH and the start of the first symbol of the scheduling PUSCH should cover both the transmitter RF preparation and the PUSCH preparing procedure. If UE’s implementation does not support handling the Tx switching and PUSCH preparing procedure in parallel, it is reasonable to add the switching time into N2 as follows:

Where the   is the round up value of the result of switching time divided by the OFDM symbol duration . Otherwise the total time should be the max value between preparing time and switching time: 

Considering the RAN4 agreements on switching time length,  is always smaller than . Thus,  value will not be changed in this case.
Proposal 1: If the scheduling PUSCH is on a different carrier from the current one that UE is tuning on,  should be either unchanged or its component  should be enlarged by the reported switching time, depending on whether UE is capable of sufficient parallel processing for both RF switching and PUSCH baseband preparation or not.
Because no Rel-16 RAN4 specification text has been built up on or rely on the exact value of , the RAN1 progress on  will not impact on RAN4 ongoing discussions.
Observation 2: In RAN1 understanding, RAN4’s ongoing discussions do not rely on RAN1 progress on  discussion. Thus, they can proceed in parallel. 
Consecutive uplink scheduling on the same uplink carrier
For the situation that consecutive uplink transmissions are scheduled on one specific carrier, the switching period is not needed.  
[image: ]
Figure 1. Illustration of consecutive scheduling
As depicted in Figure 1, in order to minimize uplink performance loss, there is no need for scheduler to spare switching time between slot 0 and slot 1 or slot 2 and slot 3 and UE’s RF chain can remain working on carrier 1, which brings no additional complexity for UE RF chain implementation. Same strategy is applicable for carrier 2 within slot 4. For the case that UE is scheduled SRS transmission on carrier 1 in slot 2, although scheduling is not consecutive between slot 1 and slot 2, switching is still not necessary due to there is no uplink transmission on carrier 2. 
Proposal 2: For the consecutive uplink transmissions on one carrier, no need to reserve switching time in uplink scheduling.
Handling of transmission collision between 1 Tx and 2 Tx uplink carriers
Inter-band EN-DC 
In Rel-15, semi-static TDM pattern, i.e. tdm-PatternConfig-r15 is well designed to support the single uplink operation EN-DC. Since the EN-DC UE is only capable of maximum two concurrent transmission chains, the TDM pattern can be reused here for EN-DC to avoid the scheduling collision between 1 Tx and 2 Tx uplink carriers. In other words, the UE is not expected to be scheduled NR transmission on 2 Tx carrier within the TDM pattern. 
Observation 3: Rel-15 tdm-PatternConfig-r15 that has been specified for SUO HARQ timing Case 1 can be reused for inter-band EN-DC to avoid the collision between 1 Tx and 2 Tx.  
For the UE which is capable of dynamic power sharing, one option is still restricting base station to scheduling the uplink transmission on 1 Tx carrier only in the subframes dedicated as uplink by TDM pattern. The other option is following the latest agreement on Rel-16 single Tx in RAN1#98bis meeting [4] as follows: 
	Agreements:
· 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


So UE can be scheduled with LTE uplink transmission on 1 Tx carrier in all uplink subframes and drop the 2 Tx NR carrier transmission if there is a collision. If UE is not configured with the TDM pattern, then base station should guarantee no overlapping between the 1 Tx and 2 Tx transmissions and UE can drop the 2 Tx carrier transmission for the collision situation. 
Observation 4: For the UE which is capable of dynamic power sharing and configured with TDM pattern of HARQ timing Case 1, there are two alternative ways to maintain single uplink operation:
· Transmission collision between 1 Tx carrier and 2 Tx carrier can be avoided by prohibiting 1 Tx carrier transmission scheduled outside the TDM pattern.
· If 1 Tx carrier transmission can be scheduled in all uplink subframes, UE can follow the collision handling as agreed for single-Tx EN-DC with LTE FDD PCell.
· The above two options can be differentiated by Rel-15 RRC configuration tdm-PatternConfig-r15 and Rel-16 RRC configuration tdm-PatternConfig-r16. Thus, they can be supported by a UE at the same time.
SUL
In current NR spec, simultaneous transmission on normal UL and SUL is not expected, so no collision transmission between 1 Tx carrier and 2 Tx carrier will happen for SUL case.
Inter-band UL CA
Unlike EN-DC, the scheduling information for two carriers of inter-band UL CA come from single scheduler, so network can dynamically schedule the uplink transmissions on carrier 1 and carrier 2 without overlapping without any additional spec impacts.
[bookmark: _GoBack]Observation 5: For SUL, no collision transmission will happen between 1 Tx carrier and 2 Tx carrier. For the inter-band UL CA, collision can be avoided by network scheduling. In both cases, no additional RAN1 spec impact is needed.
Conclusions
In this contribution, analysis towards the spec impacts of introducing the switching period between 1 Tx and 2 Tx on one uplink carrier for the UE supporting maximum two concurrent transmission are provided. The following observations and proposals are given:
Observation 1: No RAN1 spec is impacted by RAN4 decision on length and location of switching time.
Observation 2: In RAN1 understanding, RAN4’s ongoing discussion does not rely on RAN1 progress on  discussion. Thus, they can proceed in parallel.
Observation 3: Rel-15 tdm-PatternConfig-r15 that has been specified for SUO HARQ timing Case 1 can be reused for inter-band EN-DC to avoid the collision between 1 Tx and 2 Tx.
Observation 4: For the UE which is capable of dynamic power sharing and configured with TDM pattern of HARQ timing Case 1, there are two alternative ways to maintain single uplink operation:
· Transmission collision between 1 Tx carrier and 2 Tx carrier can be avoided by prohibiting 1 Tx carrier transmission scheduled outside the TDM pattern.
· If 1 Tx carrier transmission can be scheduled in all uplink subframes, UE can follow the collision handling as agreed for single-Tx EN-DC with LTE FDD PCell.
· The above two options can be differentiated by Rel-15 RRC configuration tdm-PatternConfig-r15 and Rel-16 RRC configuration tdm-PatternConfig-r16. Thus, they can be supported by a UE at the same time.
Observation 5: For SUL, no collision transmission will happen between 1 Tx carrier and 2 Tx carrier. For the inter-band UL CA, collision can be avoided by network scheduling. In both cases, no additional RAN1 spec impact is needed.

Proposal 1: If the scheduling PUSCH is on a different carrier from the current one that UE is tuning on,  should be either unchanged or its component  should be enlarged by the reported switching time, depending on whether UE is capable of sufficient parallel processing for both RF switching and PUSCH baseband preparation or not.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: For the consecutive uplink transmissions on one carrier, no need to reserve switching time in uplink scheduling.
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