[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #104bis-e 	R1-2103387
E-meeting, April 12th–April 20th, 2021

Agenda Item:	5.1
Source:	Huawei, HiSilicon
Title:	Discussions on enhancements for UL Tx switching
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancement for RF requirements enhancement was approved in RAN#90-e in RP‑202799 [1]. In [3], RAN4 send LS to RAN1 and RAN2 on Rel-17 Tx switching enhancements. UL Tx switching was a part of the enhancement as in below. 
	· Specify UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· Specify UE requirements to enable Tx switching between cases
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify the following RAN4 requirements for above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink 
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and length
· Update the UE capabilities
· Specify UE requirements to enable Tx switching between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and
	 
	Number of Tx chains in WID (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify the following RAN4 requirements for above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and length
· Update the UE capabilities
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 UE is configured with two different uplink carrier frequencies.



There are two parts in the scope for UL Tx switching enhancement, one is the UL Tx switching between two carriers and the other is between two bands and band B bands contains two aggregated contiguous carriers. In the discussion part we will discuss each scenario, respectively.
Discussion
Tx switching between two carriers
In Rel-16, the following options and cases are specified for SUL and inter-band uplink carrier aggregation in table I.
Table I: Rel-16 Tx switching for SUL and UL CA
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T



It is worthwhile to define the RF chain status of the different cases. For “1T+1T”, in the previous RAN4 agreement [2], the UE has two RF chains, and one RF chain is on carrier 1 and the other RF chain is on carrier 2 regardless the RF chain is used or not in the current or preceding UL transmissions. To move one RF chain to the other carrier, RF retuning time is needed. For case 2, the two RF chains are both on carrier 2; if the next transmission is on carrier 1, RF returning time is needed.
In Rel-16, two options are specified for UL CA, i.e. option 1 (switchedUL) and option 2 (dualUL). In option 1, there is no concurrent transmission on the two carriers, which is similar to SUL scenario. In option 2, the concurrent UL transmissions can be scheduled.
In the current RAN1 specification for UL CA option 1 and option 2, the switching time is triggered based on both carriers and the number of antennas ports that are used in the current and the preceding UL transmissions. Then it is worthwhile to define the mapping between the cases and the antenna ports used in the UL transmission.
In SUL scenario and UL CA option 1 scenario, transmission switching time is triggered whenever current UL transmission carrier is different from the preceding carrier regardless the number of ports used for the transmission.
For option 2 in UL CA scenario, the switching time is triggered based on the relationship of the carrier and antenna ports used in the current and the preceding UL transmission. In our understanding the following RF chain to antenna ports mapping is listed in table II and III for SUL and CA cases.
Table II: Tx switching for SUL and UL CA option 1
	
	Number of Tx chains in WID 
(carrier 1 + carrier 2)
	Number of antenna ports for UL transmission 
(carrier 1 + carrier 2) for SUL scenario
	Number of antenna ports for UL transmission 
(carrier 1 + carrier 2) for inter-band CA Option 1 scenario

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

	Case 3
	2T+0T
	2P+0P, 1P+0P
	2P+0P, 1P+0P



Table III: Tx switching for inter-band UL CA option 2 with case 1
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)
Inter-band CA Option 2

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

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

	Case 3
	2T+0T
	2P+0P, 1P+0P



One of the RAN1 impacts of UL Tx switching in R17 is to introduce the triggering procedure of switching time for the cases in the above tables. It is proposed to align the understanding of the antenna ports mapping to the Tx chains. For the switching among case 1, 2 and 3 for UL option 1, since there is no concurrent transmission on the two carriers, the switching time is triggered once the carrier is switched, then in our understanding, its port-to-Tx chain mapping has been captured in Table II. 
Proposal 1: The Rel-17 UL Tx switching cases are mapped to the antenna port transmissions according to the mappings in Table II and III.
Tx switching between two bands
The Tx switching between two bands is similar with the Tx switching between two carriers, but with two aggregated contiguous uplink carriers in one of the bands. Then the RF chain to antenna ports are similar as in the above tables.
In order to align the understanding of the antenna ports mapping to the Tx chains between two bands, we can use table Ⅳ for SUL and UL CA option 1 and use table V for UL CA option 2. Both table Ⅳ and Ⅴinvolves case 1 and case 2. In case 1 of table IV, only 1-port transmission on carrier 1 is allowed. There is no concurrent transmission on the two band in case 1 of table IV. In case 1 of table Ⅴ, UE can support 1-port UL transmission on any of the three carriers or simultaneous 1-port UL transmission on any two of the three carriers or simultaneous 1-port UL transmission on all of the three carriers. In case 2 of both tables IV and V, 2-port or 1-port UL transmissions on one carrier or two carriers of band B is supported. 
Table IV: Tx switching for SUL and UL CA option 1 between two bands (case1 and case2)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

	Case 1
	1T+1T
	1P+(0P+0P)

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



Table V: Tx switching for UL CA option 2 between two bands (case1 and case2)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

	Case 1
	1T+1T
	1P+(0P+0P), 0P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 1P+(1P+1P), 1P+(1P+0P), 1P+(0P+1P)

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



When only case 2 and case 3 is involved, we can use table VI for SUL and UL CA option 1. In case 2, 2-port or 1-port UL transmissions on one carrier or two carriers of band B is supported. In case 3, 2-port or 1-port UL transmissions on carrier 1 is supported.
Table VI: Tx switching for SUL and UL CA option 1 between two bands (case2 and case3)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

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

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



For UL CA option 2 in all three cases, we can use table VII. In case 1, UE can support 1-port UL transmission on any of the three carriers or simultaneous 1-port UL transmission on any two of the three carriers or simultaneous 1-port UL transmission on all of the three carriers. In case 2, 2-port or 1-port UL transmissions on one carrier or two carriers of band B is supported. In case 3, 2-port or 1-port UL transmissions on carrier 1 is supported. 
Table VII: Tx switching for UL CA option 2 between two bands (case1, case2 and case3)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

	Case 1
	1T+1T
	1P+(0P+0P), 0P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 1P+(1P+1P), 1P+(1P+0P), 1P+(0P+1P)

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

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



Proposal 2: The Rel-17 UL Tx switching cases between two bands are mapped to the antenna port transmissions according to the mappings in Table IV, V, VI, and VII.
Although the Tx switching between two bands involves three carriers, the contiguous CCs in band B can be considered as a single CC for the purpose of UL Tx switching, because in the RAN4 agreement [3], one TX chain can be used for the transmission on both CCs simultaneously, i.e. the two CCs can be viewed as a whole for UL switching. It means the presence of transmission occasion on any carrier of Band B has the same impact on whether to trigger an uplink switching.
Proposal 3: For UL-CA/SUL, if UE is configured with UL Tx switching and additionally intra-band CA, the contiguous CCs in a band should be considered as a single CC for the purpose of UL Tx switching. With respect to the determination of uplink switching triggering, the presence of transmission occasion on any one uplink of the contiguous intra-band CA is equivalent to the presence of transmission occasion on any other uplink(s) of the contiguous intra-band CA.
On preparation time
In RAN4 LS [3], the same candidate set of switching time as Rel-16 is agreed to reuse in Rel-17 for 2Tx-2Tx switching. Because the increased number of Tx involved in switching may require different UE implementation from the switching in Rel-16, which may require different switching time by the same UE, it is expected to allow a UE to report different switching time for 2Tx-2Tx switching from that for 1Tx-2Tx switching in the same band pair. 
Proposal 4: For UL Tx switching in a band pair of a band combination, the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.
For a UE capable of both 1Tx-2Tx and 2Tx-2Tx UL Tx switching, the UE can be configured with two operation modes, either 1Tx-2Tx or 2Tx-2Tx UL Tx switching, where different switching time can cause different UL interruption time and preparation time. Thus, it is necessary to differentiate them with the existing RRC configurations. As discussed in Rel-16 UL Tx switching, among four NR PHY channels, only PUSCH and SRS transmissions can have two ports. Additionally, the number of ports for PUSCH is the same as the number of ports of associated SRS resources. Therefore, the number of ports of configured SRS resources on an uplink completely determines the maximum Tx chain required on the uplink, which can also easily differentiate 2Tx-2Tx from 1Tx-2Tx. We propose,
Proposal 5: For a UE configured with UL Tx switching via uplinkTxSwitching, the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources is used to determine the operation mode, i.e. either 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· 2Tx-2Tx switching mode: when the maximum number is 2 for both uplinks configured with uplinkTxSwitching
· 1Tx-2Tx switching mode: when the maximum number is 1 for any one uplink configured with uplinkTxSwitching
· the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode
· If the switching time capability value for 1Tx-2Tx switching mode is not reported by the UE, the value reported for 2Tx-2Tx switching mode is applied.
Conclusion
In this contribution, analysis of the issues of introducing UL Tx switching for Rel-17 are provided. The following proposals are given:

Proposal 1: The Rel-17 UL Tx switching cases are mapped to the antenna port transmissions according to the mappings in Table II and III.
Table II: Tx switching for SUL and UL CA option 1
	
	Number of Tx chains in WID 
(carrier 1 + carrier 2)
	Number of antenna ports for UL transmission 
(carrier 1 + carrier 2) for SUL scenario
	Number of antenna ports for UL transmission 
(carrier 1 + carrier 2) for inter-band CA Option 1 scenario

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

	Case 3
	2T+0T
	2P+0P, 1P+0P
	2P+0P, 1P+0P



Table III: Tx switching for inter-band UL CA option 2 with case 1
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)
Inter-band CA Option 2

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

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

	Case 3
	2T+0T
	2P+0P, 1P+0P



Proposal 2: The Rel-17 UL Tx switching cases between two bands are mapped to the antenna port transmissions according to the mappings in Table IV, V, VI, and VII.
Table IV: Tx switching for SUL and UL CA option 1 between two bands (case1 and case2)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

	Case 1
	1T+1T
	1P+(0P+0P)

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



Table V: Tx switching for UL CA option 2 between two bands (case1 and case2)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

	Case 1
	1T+1T
	1P+(0P+0P), 0P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 1P+(1P+1P), 1P+(1P+0P), 1P+(0P+1P)

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



Table VI: Tx switching for SUL and UL CA option 1 between two bands (case2 and case3)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

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

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



Table VII: Tx switching for UL CA option 2 between two bands (case1, case2 and case3)
	
	Number of Tx chains in WID 
(band A + band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

	Case 1
	1T+1T
	1P+(0P+0P), 0P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 1P+(1P+1P), 1P+(1P+0P), 1P+(0P+1P)

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

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



Proposal 3: For UL-CA/SUL, if UE is configured with UL Tx switching and additionally intra-band CA, the contiguous CCs in a band should be considered as a single CC for the purpose of UL Tx switching. With respect to the determination of uplink switching triggering, the presence of transmission occasion on any one uplink of the contiguous intra-band CA is equivalent to the presence of transmission occasion on any other uplink(s) of the contiguous intra-band CA.
Proposal 4: For UL Tx switching in a band pair of a band combination, the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.
Proposal 5: For a UE configured with UL Tx switching via uplinkTxSwitching, the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources is used to determine the operation mode, i.e. either 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· 2Tx-2Tx switching mode: when the maximum number is 2 for both uplinks configured with uplinkTxSwitching
· 1Tx-2Tx switching mode: when the maximum number is 1 for any one uplink configured with uplinkTxSwitching
· the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode
· If the switching time capability value for 1Tx-2Tx switching mode is not reported by the UE, the value reported for 2Tx-2Tx switching mode is applied.
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