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1 Background
TX switching was proposed originally for two carriers, SUL in one band and TDD transmissions using two TX connectors in another band for devices only supporting 2TX chains, but subsequently also included EN-DC and UL CA. For all these  cases the carriers are assumed to be collocated belonging to the same TAG. 
The collocation requirement is not needed for the UL CA case. The WID for enhanced FR1 requirements [1] contains footnotes restricting the deployment scenarions to collocation as per Note 1 and Note 2 below:
· 2) 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.
In this contribution, we propose to remove the single TAG restriction for UL CA, there is no reason to limit UL CA to single TAG from a TX switching standpoint for the maximum transmission timing difference (MTTD) assumed for the inter-band (non-collocated) scenario, MTTD = 34.6 us. This can be done without impact on RAN1 and RAN2 specifications or impact on the DL interruption capability for the said MTTD. In principle, the restriction could also be removed for EN-DC, but would require strict coordination between the cell groups (the TA of the TAGs known across CGs) and subject to UE capability on DPS. 
2 UL and DL interruption for single TAG (collocated deployment)
For an uplink switching triggered for an uplink transmission starting at T0 on either carrier, the 38.214 specifies that UE is not expected to transmit on any of the carriers for a duration of a X ms switching period preceding T0. This period can be taken either in carrier 1 and carrier 2. Figure 1 shows the timing relations for the collocated case with the switching period taken in carrier 1. The DL timing on both carriers must be monitored for timing of the uplink switching also in the collocated case.  The UL timing on a carrier is derived from the DL of the same carrier, which means that there may be a slight difference between the UL timing of the two carriers also in the collocated case due to DL timing errors (BS TAE) and TA adjustment inaccuracy in the uplinks even though the timing advance value NTA is the same. 
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Figure 1: the collocated case with the switching period taken in carrier 1.
DL interruptions are also allowed during uplink switching as specified in 38.214:
8.2.2.2.10
DL Interruptions at UE switching between two uplink carriers

The DL interruption requirements at dynamic switching between two uplink carreirs specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause 6.1.6 of TS 38.214 [26], where NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.

No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause 5.2A.2 of TS 38.101-1 [18].
Table 8.2.2.2.10-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers

	[image: image2.wmf]m


	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:
Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod


which is allowed for certain band combiantions. DL interruptions are allowed from the first symbol overlapping with the UL switching period during switching and the interruption length must also account for any timing advance as evident from Figure 1.
3 Extension to multiple TAG
The 38.214 specifies that the UE may omit uplink transmission during the uplink switching gap [image: image4.png]| A—



 indicated by the switching-period capability X ms preceding an uplink transmission starting at T0 with due account of the PUSCH processing procedure. This provision does not contain any restriction on the relative DL timing of the two carriers. At any rate the DL timing must be monitored on both carriers for timing of the uplink switching for an uplink transmission starting at T0 irrespective of the TA. The MRTD requirements for the non-collocated case implies UL timing difference up to a symbol duration for SCS = 30k. 
Figure 2 shows the timing relations between the carriers for the non-collocated case with the switching period taken in carrier 1 and NTA,1 > NTA ,2, where NTA,1 and NTA,2 denote the timing advance values for the TAG of carrier 1 and carrier 2, respectively. Since the uplink subslots/slots on carrier 1 are ‘early’ compared to those of carrier 2, this means that symbols at the trailing edge of the subslots/slots on carrier 2 must be muted during the switching period prior in the switch back to carrier 1. This is possible e.g. for PUSCH transmissions using mapping A since the gNB is aware of the timing advance of the different TAG.
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Figure 2: the non-collocated case with the switching period taken in carrier 1.

In case NTA,1 < NTA ,2 (uplink subslots/slots on carrier 2 ‘early’), then symbols at the trailing edge of carrier 1 would have to be muted starting at the switching period preceding T0 on carrier 2.
The start and length of the allowed DL interruptions would not be affected since the TA must be accounted for in any deployment case.
Time masks can be constructed by observing that for an uplink switching triggered for an uplink transmission starting at T0 on either carrier, the UE is not expected to transmit on any of the carriers for a duration of X ms preceding T0 regardless of the timing advance NTA of either TAG. Figure 3 shows the case in which the switching period is located in carrier 1.
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Figure 3: time mask for the switching period located in carrier 1 for bothe cases NTA,1 < NTA ,2 (carrier 2 ‘early’) and NTA,1 > NTA ,2 (carrier 1 ‘early’). The UE is not expected to transmit on any carrier starting at the switching period.
The same principle can be used when the switching period is taken in carrier 2 as shown in Figure 4.
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Figure 4: time mask for the switching period located in carrier 2 for both cases NTA,1 < NTA ,2 (carrier 2 ‘early’) and NTA,1 > NTA ,2 (carrier 1 ‘early’). The UE is not expected to transmit on any carrier starting at the switching period.
We remark that the additional muting of the slots/subslots needed does not exceed one symbol at SCS = 30k, corresponding to the maximum UL timing difference subject to the MTTD (the TA difference twice as large). The UL timing difference between carriers is known the gNB sand accounted for by the scheduler, the TAG being configured by the gNB.
4 Specification changes
The changes to the 38.101-1 would look like follows, the cases NTA,1 < NTA ,2 and NTA,1 > NTA ,2 specified in turn but displayed in the same figure for a given location of the switching period (carrier 1 or carrier 2):
6.3A.3.3
Transmit ON/OFF time mask for inter-band CA

6.3A.3.3.1
General 

For inter-band carrier aggregation with uplink assigned to two NR bands, the general output power ON/OFF time mask specified in clause 6.3.3.1 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in clause 6.3.3.1 shall only be applicable for each component carrier when all the component carriers are OFF.

· 6.3A.3.3.2
Time mask for switching between two uplink carriers
In addition to the requirements in 6.3A.3.3.1 and the maximum output power requirement specified in Table 6.2A.1.3-1 with uplink assigned to two NR bands, the switching time mask specified in this clause is applicable for an uplink band pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanisms specified in clause 6.1.6 of TS 38.214 [10], where NR UL carrier 1 is capable of one transmit antenna connector and NR UL carrier 2 is capable of two transmit antenna connectors with 3dB boosting on the maximum output power for CA power class 3 when the capability uplinkTxSwitchingPowerBoosting is present and the IE uplinkTxSwitchingPowerBoosting is enabled, and the two uplink carriers are in different bands with different carrier frequencies. The UE shall support the switch between single layer transmission with one antenna port and two-layer transmission with two antenna ports on the two uplink carriers following the scheduling commands and rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port shall be supported on NR UL carrier 2.
The switching periods described in Figure 6.3A.3.3.2-1a and Figure 6.3A.3.3.2-1b are located in either NR carrier 1 or carrier 2 as indicated in RRC signalling uplinkTxSwitchingPeriodLocation [7], and the length of uplink switching period X is less than the value indicated by UE capability uplinkTxSwitchingPeriod. 
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Figure 6.3A.3.3.2-1a: Time mask for switching between UL carrier 1 and UL Carrier 2, where the switching period is located in carrier 1
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Figure 6.3A.3.3.2-1b: Time mask for switching between UL carrier 1 and UL Carrier 2, where the switching period is located in carrier 2
The above requirements apply for the case of co-located and synchronized network deployment for the two uplink carriers with a 
single TAG for the two uplink carriers, i.e., the same uplink timing for the two carriers as described in clause 4.2 of TS 38.213 [8].
For the case of non-collocated and synchronized network deployment for the two uplink carriers belonging to different TAG, the switching time masks are specified in Figure 6.3A.3.3.2-1c and Figure 6.3A.3.3.2-1d with the switching period taken in carrier 1 and carrier 2, respectively. For an uplink switching triggered for an uplink transmission starting at T0 on either carrier, the UE is not expected to transmit on any of the carriers for a duration of X ms preceding T0 regardless of the timing advance NTA of either TAG with NTA as specified in clause 4.2 of [8]. 
For the switching period located in carrier 1 as specified in Figure 6.3A.3.3.2-1c, the UE is not expected to transmit on carrier 1 after T0 on carrier 2 when NTA,1 < NTA,2 and is not expected to transmit on carrier 2 during any overlap with the switching period preceding T0 on carrier 1 when NTA,1 > NTA,2, where NTA,1 and NTA,2 denote the timing advance values for the TAG of carrier 1 and carrier 2, respectively. 
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Figure 6.3A.3.3.2-1c: Time mask for switching between UL carrier 1 and UL Carrier 2 belonging to different TAG, where the switching period is located in carrier 1
For the switching period located in carrier 2 as specified in Figure 6.3A.3.3.2-1d, the UE is not expected to transmit on carrier 1 during any overlap with the switching period preceding T0 on carrier 2 when NTA,1 < NTA,2, and is not expected to transmit on carrier 2 after T0 on carrier 1 when NTA,1 > NTA,2. 
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Figure 6.3A.3.3.2-1d: Time mask for switching between UL carrier 1 and UL Carrier 2 belonging to different TAG, where the switching period is located in carrier 2
The requirements for the non-collocated case apply for an MTTD in accordance with clause 7.5.4 of [13].
6.3A.3.3.3
Time mask for switching between two uplink carriers with two transmit antenna connectors
Changes to RAN1 and RAN2 specifications are not needed. The changes could in fact be made also for Rel-16.
5 Proposal
We make the following

Proposal 1: the restriction to a single TAG for UL CA with TX switching should be removed.
A draft CR with modified time masks for the non-collocated scenario with TX switching is supplied in [2] for Rel-17. Changes could also be implemented from Rel-16.
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