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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
For PUSCH preparation time, the following was agreed in RAN1#99
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.

[bookmark: _Hlk32335896]The required additional PUSCH preparation time need not be any longer than the length of UL switching period being discussed in RAN4 [1]. and can be captured in RAN1 specs as shown in below TP to 38.214.

--------------- start TP1 to sub clause 6.4 of TS 38.214 ------------------------------
6.4	UE PUSCH preparation procedure time



If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211].
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to enable,
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.


-	If the UE is configured with multiple uplink carriers or EN-DC, and configured with a switching gap for the serving cell with the PUSCH transmission,    is given by the parameter <switching_time_case1_case2> supported by the UE; otherwise 
Otherwise the UE may ignore the scheduling DCI. 

<unchanged part omitted>
------------------- end TP1 ---------------------------------------

Proposal 1
· Additional PUSCH preparation time due to UL tx switching is same as the switching period discussed in RAN4. 
· Agree to TP1.

Condition and Presence of switching period
Following was concluded in RAN1#99 regarding the condition and presence of switching period 
Conclusion:
· The condition of the presence of the switching period for inter-band UL CA and inter-band EN-DC without SUL are to be captured in RAN1. 
· RAN1 will continue discussing the related issue and solutions (including the applicability period of switching (in terms of number of slot(s)).
· There is no additional RAN4 impact.

For UL CA case, following two options were considered in the discussions in RAN1#99 

· 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 simultaneously

Figures 1-3 below illustrate the options. Figure 1 is the baseline CA case possible with Rel15. Figures 2 and 3 are Option 1 and Option 2 respectively that were discussed in RAN1#99. In the figures, light green indicates UL slot with 1layer transmission and dark green is slot with UL MIMO 2layer transmission. Shaded parts are switching gaps. While exact switching gap durations are yet to be decided in RAN4[2], gap durations between 35us to 250us are being discussed.
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Figure 1 – Baseline Rel15 CA (assuming 1 layer for TDD band)
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Figure 2 – Rel16 CA with UL tx switching between carriers enabled using Option 1

[image: ]
Figure 3 – Rel16 CA with UL tx switching between carriers enabled using Option 2

As seen from the figures, the primary difference between options 1 and 2 is that option 2 allows the case of FDD-1layer+TDD-1layer while Option 1 precludes this case. 

Table 1 below shows UE spectral efficiency (user throughput scaled by BW) (bps/Hz) measured from system simulations for UMi deployment scenario for an example FDD band (1.8GHz) and a TDD band (3.5GHz). 

Table 1 – UE spectral efficiency (UMi)

	Case
	UE spectral efficiency (bps/Hz) for UMi scenario

	
	Median 
	5%le 
	95%le 

	FDD band (1.8GHz) 1 port with max power set to 20dBm
	1.58
	0.66
	4.67

	FDD band (1.8GHz) 1 port with max power set to 23dBm
	1.64
	0.73
	4.78

	TDD band (3.5GHz) 1 port with max power set to 20dBm
	1.32
	0.21
	4.60

	TDD band (3.5GHz) 1 port with max power set to 23dBm
	1.40
	0.32
	4.72

	TDD band (3.5GHz) 2 layers (always) with max power set to 20dBm+20dBm=23dBm (i.e., 20dBm per port)
	1.86
	0.18
	6.90



Achievable user throughput for below scenarios can then be estimated using the data in Table 1 and assuming full buffer traffic 
· 'r15CA-1lfdd-2ltdd(3tx)' = Rel15 CA with UE supporting 1 tx-chain for FDD band and 2 tx-chains for TDD band (so total 3tx chains)
· 'r15CA-1lfdd-1ltdd(2tx)' = Rel15 CA with UE supporting 1 tx-chain for FDD band and 1 tx-chain for TDD band (so total 2tx chains. Baseline for comparison)
· 'r16CA-switch-op1(2tx)' = Option 1 Rel16 CA with UE supporting 2tx chains and UL tx switching between FDD and TDD bands without support for 1layerFDD+1layerTDD transmission (as in Figure 2)
· 'r16CA-switch-op2(2tx)' = Option 2 Rel16 CA with UE supporting 2tx chains and UL tx switching between FDD and TDD bands (as in Figure 3)
Figures 4-6 below show estimated UE throughput assuming 20MHz FDD BW, different TDD BWs (20MHz-100MHz) and 35us/140us switching time (as these are two candidate values being discussed in RAN4). Since Pcell is expected to be in low band (i.e., FDD) carrying PUCCH, switching gaps are assumed to be within the PUSCH slots of TDD band. 
Figure 4 shows estimated UE throughput for ‘median UE’ and assuming 80% availability of 2 layer transmissions on TDD band (FDD band is always 1layer, 20MHz BW). 
 [image: ] [image: ]
Figure 4 – CA performance with UL tx switching (‘median UE’)

Figure 5 shows estimated UE throughput for ‘95%le UE’ and assuming 100% availability of 2 layer transmissions on TDD band (FDD band is always 1layer, 20MHz BW). 
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Figure 5 – CA performance with UL tx switching (‘95%le UE’)

Figure 6 shows estimated UE throughput for ‘5%le UE’, and assuming 100% 1 layer transmissions on TDD band (FDD band is always 1layer, 20MHz BW). Since all TDD slots have 1layer transmission, throughput for option 2 and will be same as CA with 2Tx.
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Figure 6 – CA performance with UL tx switching (‘5%le UE’)

Tables 2a and 2b compare performance of Options 1,2 relative to rel15 CA case with 2Tx chains (i.e., 'r15CA-1lfdd-1ltdd(2tx)'). Table 2a shows the gain (%) assuming 35us switching gap. Table 2b shows gain for 140us switching gap.

Table 2a – Impact of UL tx switching (35us switching gap)

	 
 
 
	Gain (%) of UL Tx switching vs Rel15 CA(2Tx)
(35us switching time)

	
	20MHz TDD BW
	40MHz TDD BW
	60MHz TDD BW
	80MHz TDD BW
	100MHz TDD BW

	‘median UE'
	Option 1
	-13.1%
	-8.3%
	-4.5%
	-1.5%
	0.9%

	
	Option 2
	0.0%
	0.0%
	0.0%
	0.4%
	2.5%

	
	 
	
	
	
	
	

	‘95%le UE'
	Option 1
	-10.1%
	-3.2%
	2.0%
	6.1%
	9.4%

	
	Option 2
	0.0%
	0.0%
	2.0%
	6.1%
	9.4%

	
	 
	
	
	
	
	

	‘5%le UE'
	Option 1
	-14.6%
	-11.3%
	-8.2%
	-5.5%
	-3.0%

	
	Option 2
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%




Table 2b – Impact of UL tx switching (140us switching gap)

	 
 
 
	Gain (%) of UL Tx switching vs Rel15 CA(2Tx)
(140us switching time)

	
	20MHz TDD BW
	40MHz TDD BW
	60MHz TDD BW
	80MHz TDD BW
	100MHz TDD BW

	‘median UE'
	Option 1
	-15.8%
	-13.2%
	-11.1%
	-9.4%
	-8.0%

	
	Option 2
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	 
	
	
	
	
	

	‘95%le UE'
	Option 1
	-15.3%
	-12.1%
	-9.8%
	-7.9%
	-6.4%

	
	Option 2
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	 
	
	
	
	
	

	‘5%le UE'
	Option 1
	-14.6%
	-11.3%
	-8.2%
	-5.5%
	-3.0%

	
	Option 2
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%



We make the following observations based on the above tables
1. Large switching time (e.g. 140us or larger), significantly impacts performance of UL tx switching and any gains for UL tx switching are observable only for the case of 35us switching time.
2. For the case of 35us switching time, gain from UL Tx switching is mainly for cases where large BW (e.g. 80MHz/100MHz) is available for TDD and channel conditions are excellent (i.e., 0.4-3% gain for median UE with 80/100MHz TDD BW and 2-10% gain for 95%le UE with 60-100MHz TDD BW)
3. When channel conditions are not excellent (e.g. not a 95% UE), or when enough bandwidth is not available on TDD leg (e.g. not >60MHz), scheduling 1layerFDD+1layerTDD is better than scheduling 0FDD+2layerTDD. 
a. Option 1 does not provide this fallback of scheduling 1layerFDD+1layerTDD. Given this, configuring UL tx switching with Option 1 results in UE/NW performance degradation compared to Rel15 CA with 2Tx
b. Option 2 provides the fallback of scheduling 1layerFDD+1layerTDD. So, configuring UL tx switching with Option 2 will give at least same performance as Rel15 CA with 2Tx, and when feasible (e.g. 35us switching time, >=60MHz TDD BW, 95%le UE) it can give some benefit (2-10%) over CA with 2Tx.
Based on the above, we propose that Option 2 is used for defining the condition and presence of switching periods for UL tx switching with CA case.

Proposal 2
· Adopt Option 2 – “UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1 simultaneously” for defining the condition and presence of switching periods for UL tx switching with CA case.

Conclusions
In this document we discuss some remaining RAN1 aspects of UL tx switching and propose the following
Proposal 1
· Additional PUSCH preparation time due to UL tx switching is same as the switching period discussed in RAN4. 
· For capturing the additional PUSCH preparation time in specifications, agree to the Text Proposal 1 for sub clause 6.4 in 38.214 shown below.

Proposal 2
· Adopt Option 2 – “UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1 simultaneously” for defining the condition and presence of switching periods for UL tx switching with CA case.

Text Proposal 1

--------------- start TP1 to sub clause 6.4 of TS 38.214 ------------------------------
6.4	UE PUSCH preparation procedure time



If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211].
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to enable,
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.


-	If the UE is configured with multiple uplink carriers or EN-DC, and configured with a switching gap for the serving cell with the PUSCH transmission,    is given by the parameter <switching_time_case1_case2> supported by the UE; otherwise 
Otherwise the UE may ignore the scheduling DCI. 

<unchanged part omitted>
------------------- end TP1 ---------------------------------------
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CA performance with UL Tx switching

(35us switching gap)
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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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