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Introduction
[bookmark: _Ref178064866]In this document, we discuss some remaining RAN1 aspects for the below objective of the RAN4 led WI on RF requirements for NR frequency range 1 (FR1).
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Discussion
Impact on PUSCH preparation time
Several aspects related to impact on UE PUSCH preparation procedure were discussed in RAN1#100-eMeeting and related agreements are captured in [2]. Further, the following WA was made in RAN1#100bis-e to provide additional time to other cases.
Working assumption:
· If uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period for the followings cases:
· [bookmark: _Hlk40288347]Tproc,2mux
· Aperiodic SRS transmission
· PDCCH order triggered PRACH transmission
· Tproc, CSI in case of CSI triggered with Z1 of Table 5.4-1 of TS 38.214, FFS: the other cases of Tproc, CSI




Regarding how to capture the additional time in the specification, our preference is increment N2 with the length of switching duration, i.e., replace  with  where  and  with being the UE capability reported for length of UL switching period as agreed in RAN4 [1]. This would address not only PUSCH preparation time (i.e., ) but also other additional cases for which the WA was made in previous meeting.
Proposal 1
· 


For capturing impact of additional processing time for , Tproc,2mux , aperiodic SRS transmission, replace  with  where  and  with being the UE capability reported for length of UL switching period.

Codebook based PUSCH transmission for option 2
It was agreed in RAN1#100bis-e that option 1 and option 2 (as in below agreement) would be supported as separate UE capabilities for CA case.
Agreements:
For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
        Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	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: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	
	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, 0P+1P



Then for supporting codebook based PUSCH transmission for Option 2, general understanding in RAN1#100bis-e was that it should be possible to use DCI format 0_1 to schedule ‘1 port PUSCH transmissions’ on carrier 2. However, the specific mechanism for enabling such switching needs to be decided. Two approaches were discussed for this. 
· One approach was to reuse the UL full power mode 2 mechanism already agreed in eMIMO work item (Option 2 related to proposal 7 in [3]). 

· Another approach was to specify a new mechanism where one of the TPMI values (e.g. TPMI=) is considered as 1 port transmission while other TPMI values (e.g. TPMI= and TPMI=)  are considered as 2 port transmission. (Option 1 related to proposal 7 in [3]).
Our preference is to reuse the mechanism already supported in Rel-16 for full power mode 2.  Mode 2 can operate in a few different ways.  One way is for the UE to transmit both one and two port SRS, so for carrier 2, it is possible to configure nrofSRS-Ports=2 and two SRS resources, one corresponding to 1-port SRS resource for Case 1 and another corresponding to 2-port SRS resource for Case 2.  When the UE transmits on one port, it will transmit full power on carrier 2, and when it transmits on two ports for rank 1, it will transmit half power.  UEs that have a full power PA and a half power PA may also indicate the capability to transmit full power for a TPMI.  When this UE transmits the 2 port SRS resource with e.g. TPMI=, it will transmit full power, whereas with =, it will transmit half power.  Furthermore, a Mode 2 UE can be configured with only one two port SRS resource.  
Comparing these two approaches, there are tradeoffs of UE, CSI accuracy, UE implementation, and SRS overhead.  Using two SRS resources allows one port CSI for the uplink, since it is completely up to UE implementation if it transmits one port SRS by virtualizing the two Tx chains or by selecting either one.  A UE with two half power PAs can virtualize the two Tx chains to one port, and transmit two port UL MIMO as normal without virtualization.  By contrast, UEs that have one full power PA for carrier 2 can indicate full power for a TPMI and may be configured with only one two port SRS resource.  The two SRS resource case for full power Mode 2 is therefore suitable to support UEs with half power PAs and/or to obtain better port CSI, which may be particularly beneficial DCI format 0_0 which can only be one port.  Using one SRS resource for full power Mode 2 conserves SRS resource, and is suitable for UEs with one full power PA.
The ‘Option 1’ proposal that one TPMI is considered as one port transmission, while other TPMIs are considered as two port transmission is not precisely clear.  If indicating a TPMI changes the number of SRS ports used, then this is a new MIMO transmission scheme, since only SRI changes the number of SRS ports in Rel-15 and Rel-16.  Changing the number of indicated SRS ports also implies that the transmit power scaling varies with the number of indicated ports, as can be seen in 38.213 section 7.1.  If the intention of ‘is considered as 1 port’ is that only the power scaling changes with the TPMI, then this is already supported in full power Mode 2 when the UE is configured with one 2 port SRS resource, and so the UE only needs to indicate capability for Mode 2.
Considering the above, we propose the following
Proposal 2
· CA Option 2 UL tx switching is supported by UL full power mode 2
· New MIMO transmission schemes dynamically switching between one and two port transmission or power scaling are not defined.
Conclusions
In this document we discuss some remaining RAN1 aspects of UL tx switching and make the following proposals and observation.
Proposal 1
· 


For capturing impact of additional processing time for , Tproc,2mux  and aperiodic SRS transmission, replace  with  where  and  with being the UE capability reported for length of UL switching period.
Proposal 2
· CA Option 2 UL tx switching is supported by UL full power mode 2
· New MIMO transmission schemes dynamically switching between one and two port transmission or power scaling are not defined.
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e 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|

—  RANI 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 RANT 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
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