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Discussion
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. An LS [2] was sent to RAN1 based on agreements achieved in RAN4 #92bis meeting.
In this contribution, we discuss the potential RAN1 impact to support switching between case 1 and case 2.
2      Discussion
According to the LS [2], RAN4 has achieved the following consensus:

· Recommendation on the length of switching period for switching from case 1 to case 2 and from case 2 to case 1.
· Agreement on the location of the switching period

· Agreement on the transient period
RAN4 also discussed the additional time for PUSCH preparation procedure. In current specification, UE PUSCH preparation procedure time N2 is defined UE processing capability 1 and 2 respectively in subclause 6.4 of TS 38.214. It was clarified in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission [3]. For UE supporting maximum two concurrent transmission, in order to support 1Tx on carrier 1 and 2Tx on carrier 2, 1Tx needs to be switched between carrier 1 and carrier 2, which results in Tx switching period. There are two questions need to be answered.
· Whether additional time is needed for PUSCH preparation procedure?
· If additional time is needed, how long is the additional time?
UE PUSCH preparation procedure time N2 refers to UE baseband processing time, while Tx switching between carrier 1 and carrier 2 may cause RF interruption and switching of the connection of base band. Thus, whether additional time is needed for PUSCH preparation procedure depends on whether UL switching time occurs in parallel with PUSCH preparation time based on UE implementation. If UL switching time does not occur in parallel with PUSCH preparation time, the additional time is needed. Then, if the UL switching period is configured by RRC and the UL switching period actually exists, the additional time for PUSCH preparation procedure is needed, and it equals to the length of UL switching period. 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.

Observation 1: Whether additional time is needed for PUSCH preparation procedure depends on whether UL switching time occurs in parallel with PUSCH preparation time based on UE implementation.

Proposal 1: If additional time for PUSCH preparation is needed, it equals to the length of UL switching period.
For UE supporting maximum two concurrent transmission, it cannot support simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2. For standalone SUL, overlapping PUSCH/PUCCH transmissions in time is avoided by the network specified in subclause 6.9 of TS 38.300. The principle can be extended to inter-band UL CA, i.e. network can control the uplink transmission on two carriers and avoid overlapping uplink transmissions in time and UE supporting maximum two concurrent transmission is not expected to be scheduled with simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2. 

Proposal 2: For inter-band UL CA, network can avoid overlapping uplink transmissions in time and UE supporting maximum two concurrent transmission is not expected to be scheduled with simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
For inter-band EN-DC without SUL, there might be no tight coordination between LTE scheduler and NR scheduler. The transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 might be inevitable. According to WID, no new TDM pattern will be defined, i.e. scheduling-based switching is assumed. In Rel-15 and ongoing Rel-16, the mechanism to handle the transmission collision for EN-DC single Tx operation has been agreed. The same mechanism can be applied to handle transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
Proposal 3: For inter-band EN-DC without SUL, reuse the mechanism specified for EN-DC single Tx operation to handle the transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
According to WID, UE supporting maximum two concurrent transmission can support Tx 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.
· 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
It was further clarified in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission [3]. RAN4 achieved the following agreements 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
But it does not mean the switching period is always needed. For instance, in Figure 1, if the switching period is configured on carrier 1, no switching period is needed in case UE is scheduled 1Tx transmission on carrier 1 in consecutive slots, e.g., slot #0 and slot #1 or second half of slot #2 and slot #3. Likewise, if the switching period is configured on carrier 2, no switching period is needed in case UE is scheduled 2Tx transmission on carrier 2 in consecutive slots, e.g., slot #8 and slot #9.
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Figure 1. Example of scheduling
Observation 2: For a carrier configured with switching period, the switching period is not always needed.
Then when is the switching period actually needed? It depends on whether Tx switching occurs between carrier 1 and carrier 2 in adjacent slots. However, from RAN1 perspective, network is not aware of the number of Tx chains on carrier 2, and this may cause ambiguity on whether the switching period is needed. For instance, if UE is scheduled 1-port transmission on carrier 2, UE can use either 1 Tx or 2Tx for 1-port transmission. If the number of Tx chains for scheduled transmission is changed in the following slot, network cannot determine whether the switching period should be needed, since network does not know whether the number of Tx chain is changed on carrier 2 from UE side. In order to eliminate the misunderstanding between network and UE, the linkage between Tx chain and logical port should be clarified. Then when the switching period is actually needed can be determined accordingly.
There are two options for the linkage between Tx chain and logical port.
· Option 1: UE can only be scheduled UL transmission on carrier 1 for case 1
· Option 2: UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1
Table 1. Option 1
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	
	
	For carrier 2, 2 antenna ports (nrofSRS-Ports) are configured by RRC
	For carrier 2, 1 antenna port (nrofSRS-Ports) is configured by RRC

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

	Case 2
	0T+2T
	0P+2P or 0P+1P 
	0P+1P


Option 1 is applicable to inter-band EN-DC without SUL, inter-band UL CA and standalone SUL. For option 1, if switching period is configured by RRC, simultaneous transmission on two carriers cannot be supported. Simultaneous transmission on two carriers can only be supported if switching period is not configured. Table 1 describes the detailed linkage between Tx chain and port for case 1 and case 2. For case 1, only 1-port transmission is supported on carrier 1, indicated as 1P+0P in Table 1. For case 2, if two antenna ports are configured by RRC, two states, i.e., 2-port transmission or 1-port transmission on carrier 2 can be supported. For 1-port transmission on carrier 2, transparent Tx diversity using 2Tx can be supported. PUCCH transmission on carrier 2 can be supported for case 2. In addition, option 1 can keep better forward compatibility, e.g., UEs with 23+23 dBm, 26 dBm PC2 on carrier 2 can be considered in later release. Since simultaneous transmission on two carriers cannot be supported, the switching period is only needed when UE is scheduled between UL transmission on carrier 1 and UL transmission on carrier 2.
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Figure 2. Example of the existence of switching period for Option 1
Observation 3: For option 1, simultaneous transmission on two carriers cannot be supported; transparent Tx diversity can be supported; UEs with 23+23 dBm, 26 dBm PC2 on carrier 2 can be considered in later release.
Observation 4: For option 1, the switching period is only needed when UE is scheduled between UL transmission on carrier 1 and UL transmission on carrier 2.
Table 2. Option 2
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	
	
	For carrier 2, 2 antenna ports (nrofSRS-Ports) are configured by RRC
	For carrier 2, 1 antenna port (nrofSRS-Ports) is configured by RRC

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

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


Option 2 is applicable to inter-band EN-DC without SUL, inter-band UL CA. For option 2, if switching period is configured by RRC, simultaneous transmission on two carriers can be supported. Table 2 describes the detailed linkage between Tx chain and port for case 1 and case 2. For case 1, three states, i.e., 1-port transmission on carrier 1, 1-port transmission on carrier 2, or simultaneous transmission on carrier 1 and carrier 2 with 1-port on each carrier, can be supported. For case 2, if two antenna ports are configured by RRC, only 2-port transmission is supported on carrier 2. 1-port transmission on carrier 2 is not supported, so transparent Tx diversity and PUCCH transmission on carrier 2 cannot be supported. Furthermore, if the switching period is configured on carrier 1 and UE is scheduled on carrier 2 in consecutive slots, it is impossible to schedule 1-port transmission in the former slot and 2-port transmission in the latter slot, and vice versa. Regarding the condition on the existence of the switching period, different with option 1, the switching period is only needed when UE is scheduled between 2-port transmission on carrier 2 and 1-port transmission on carrier 1 or carrier 2.
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Figure 3. Example of the existence of switching period for Option 2
Observation 5: For option 2, simultaneous transmission on two carriers can be supported; transparent Tx diversity and PUCCH transmission on carrier 2 cannot be supported; it is difficult to consider UEs with 23+23 dBm, 26 dBm PC2 on carrier 2 in later release.
Observation 6: For option 2, the switching period is only needed when UE is scheduled between 2-port transmission on carrier 2 and 1-port transmission on carrier 1 or carrier 2.
Proposal 4: Make decision on whether both two options can be supported. If only one option is supported, make decision on which option is supported in RAN1 #99.
According to WID and LS from RAN4, RAN1 needs to reply LS to RAN4 by Dec 2019.

Proposal 5: Make decision on the above issues and send LS to RAN4 in RAN1 #99.
3      Conclusion
In this contribution, we discussed the potential RAN1 impact based on WID and LS from RAN4 to support switching between case 1 and case 2. Based on the discussion, we have following observations and proposals.
Observation 1: Whether additional time is needed for PUSCH preparation procedure depends on whether UL switching time occurs in parallel with PUSCH preparation time based on UE implementation.

Observation 2: For a carrier configured with switching period, the switching period is not always needed.
Observation 3: For option 1, simultaneous transmission on two carriers cannot be supported; transparent Tx diversity can be supported; UEs with 23+23 dBm, 26 dBm PC2 on carrier 2 can be considered in later release.
Observation 4: For option 1, the switching period is only needed when UE is scheduled between UL transmission on carrier 1 and UL transmission on carrier 2.
Observation 5: For option 2, simultaneous transmission on two carriers can be supported; transparent Tx diversity and PUCCH transmission on carrier 2 cannot be supported; it is difficult to consider UEs with 23+23 dBm, 26 dBm PC2 on carrier 2 in later release.
Observation 6: For option 2, the switching period is only needed when UE is scheduled between 2-port transmission on carrier 2 and 1-port transmission on carrier 1 or carrier 2.
Proposal 1: If additional time for PUSCH preparation is needed, it equals to the length of UL switching period.
Proposal 2: For inter-band UL CA, network can avoid overlapping uplink transmissions in time and UE supporting maximum two concurrent transmission is not expected to be scheduled with simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
Proposal 3: For inter-band EN-DC without SUL, reuse the mechanism specified for EN-DC single Tx operation to handle the transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
Proposal 4: Make decision on whether both two options can be supported. If only one option is supported, make decision on which option is supported in RAN1 #99.
Proposal 5: Make decision on the above issues and send LS to RAN4 in RAN1 #99.
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