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1. Introduction

RAN#85 approved the revised WID for FR1 RF requirements in [1], capturing the proposals for UE requirements to support the switching between 1Tx carrier and 2Tx carrier. In the last RAN4 WG meeting, WF on RRM requirements for Tx switching between two uplink carriers is approved in [2] as copied below.
	· DL Interruption requirements due to UL TX switching shall be defined in TS 38.133
· The applicability of DL interruption requirements and if DL interruptions are allowed wait for the conclusion from RF room.

· The DL interruption granularity is
· Option 1: in the unit of OFDM symbols 

· Option 2: in the unit of Slot

· Switching delay is not specified in TS38.133.

· Companies are encouraged to provide the analysis of DL interruption length/starting point in the next meeting (RAN4#94bis).




This contribution presents discussions on the RRM requirements of DL interruption. 
2. Discussion
In the last RAN4#94 emeeting, an way forward was approved in [3]. The applicability of DL interruption in the WF was duplicated as below,
	· For the following duplex mode combinations, no DL reception interruption (carrier 1 + carrier 2):

· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

· For other duplex mode combinations, define different capabilities for UEs with and without DL interruption depending on the RAN1 feedback.

· UE capability, if defined, is reported per band pair in each band combination

· UE reports for each band within the pair of bands in each band combination.

· If UE does not report this capability, it means there is no DL interruption.

· For the band pairs listed in slide #7, encourage chipset/UE vendors to check before RAN4 #94bis if DL interruption can be avoided. 

· Send LS to RAN1 and ask RAN1’s feedback on RAN1 spec impact if there is DL reception interruption in some scenarios.


It is confirmed in the WF that there is no DL interruption in the following cases:
· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

So the DL interruption analysis focus on FDD-TDD uplink CA and inter-band EN-DC case. It shall be noted that on which band pairs the DL interruptions happen in FDD-TDD uplink CA and inter-band EN-DC depends on the conclusion from RF.
· FDD-TDD uplink CA
As we know, RAN4 is defining the UE requirements to allow switching between case1 and case2.

	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 


In RAN4#92bis, it was agreed that the location of Tx switching period should be semi-statically configured by RRC on one specific carrier of the two uplink carriers, i.e., carrier 1 or carrier 2, in case of SA CA and SUL. For EN-DC, Tx switching period should be always located on the NR carrier (i.e., carrier 2) [4]. RAN2 is designing the corresponding signaling.
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Figure 1. DL interruption for FDD-TDD uplink CA
Figure 1 illustrates the DL interruption analysis for both cases (a) switching period on carrier 1 and (b) switching period on carrier 2. The DL interruption length depends on the switching length and the time misalignment between the TX switching carrier and the SCS of victim DL carrier. 

For the length of UL switching period, the exact value is agreed in [4].
	In RAN4#94e, the follow agreements on the length of UL switching period have been reached. 

· Length of UL switching period for defining UE RF requirements and capability reporting:

· For SUL and UL CA

· {35us, 140 us, 210us} 

· For EN-DC

· {35us, 140 us}


Last meeting the interruption granularity was discussed. The Tx switching between 1Tx carrier and 2Tx carrier may be frequently happen and the switching period can be short (depending on UE capability). The slot level interruption is not friendly for UE and network scheduling. The OFDM level interruption granularity is more reasonable.

It is agreed in [R4-2002817] that “the requirements apply for the case of single TAG for the two uplink carriers, i.e., the same uplink timing for the two carriers as described in sub-clause 4.2 of TS 38.213 [8]”. It means that uplink timing of the two carriers shall be aligned. However the ideal timing alignment is impossible due to the UE uplink timing accuracy. Moreover TA exists for DL and UL timing. Thus the impacted DL interruption shall be (OFDM symbols of UL switching time+1 OFDM symbol). 
It is agreed in [3] that in FDD-TDD CA and inter-band ENDC define the UE capability to indicate if there is DL interruption caused by Tx switching between two uplink carriers. UE capability is reported per DL band in each band combination for each UL band pair supporting Tx switching. Table 1 shows the DL interruption in the unit of OFDM symbols. UE is allowed to cause DL interruption on NR FDD carrier(s) depending on UE capability of X OFDM symbols that overlap with the UL switching period.
Table 1. DL interruption length in the unit of OFDM symbols (X) for FDD-TDD uplink CA
	u
	NR slot length (ms)

of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


Proposal 1: For FDD-TDD uplink CA, due to Tx switching between two uplink carriers, UE is allowed to cause DL interruption on NR carrier(s) depending on UE capability of X OFDM symbols that overlap with the UL switching period. 
Table 1. DL interruption length in the unit of OFDM symbols (X) for FDD-TDD uplink CA
	u
	NR slot length (ms)

of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


· Inter-band EN-DC case
For inter-band EN-DC, the timing difference between two uplink carriers may be not aligned. Tx switching period should be always located on the NR carrier (i.e., carrier 2) [4]. The length of UL switching period is {35us, 140 us}. The analysis of impacted DL interruptions is similar as the FDD-TDD UL case. When the victim carrier is LTE carrier, the DL interruption length is shown in Table 2. When the victim carrier is the DL NR carrier, the DL interruption length is shown in Table 3.

Table 2. DL interruption length on LTE carrier(s) in the unit of OFDM symbols (Y) for inter-band EN-DC
	UL switching period

	35us
	140us

	2
	3


Table 3. DL interruption length on NR carrier(s) in the unit of OFDM symbols (Z) for inter-band EN-DC
	u
	NR slot length (ms)

of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9


Proposal 2: For inter-band EN-DC, due to Tx switching between two uplink carriers, UE is allowed to cause DL interruption on LTE carriers depending on UE capability of Y OFDM symbols that overlap with the UL switching period and UE is allowed to cause DL interruption on NR carriers depending on UE capability of Z OFDM symbols that overlap with the UL switching period
Table 2. DL interruption length in the unit of OFDM symbols (Y) for inter-band EN-DC
	UL switching period

	35us
	140us

	2
	3


Table 3. DL interruption length on NR carrier(s) in the unit of OFDM symbols (Z) for inter-band EN-DC
	u
	NR slot length (ms)

of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9


3. Conclusion
This contribution presents discussions on DL interruptions due to UE switching between 1Tx carrier and 2Tx carrier. 

Below we summarize our observations and proposals:

Proposal 1: For FDD-TDD uplink CA, due to Tx switching between two uplink carriers, UE is allowed to cause DL interruption on NR carrier(s) depending on UE capability of X OFDM symbols that overlap with the UL switching period. 

Table 1. DL interruption length in the unit of OFDM symbols (X) for FDD-TDD uplink CA
	u
	NR slot length (ms)

of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


Proposal 2: For inter-band EN-DC, due to Tx switching between two uplink carriers, UE is allowed to cause DL interruption on LTE carriers depending on UE capability of Y OFDM symbols that overlap with the UL switching period and UE is allowed to cause DL interruption on NR carriers depending on UE capability of Z OFDM symbols that overlap with the UL switching period
Table 2. DL interruption length in the unit of OFDM symbols (Y) for inter-band EN-DC

	UL switching period

	35us
	140us

	2
	3


Table 3. DL interruption length on NR carrier(s) in the unit of OFDM symbols (Z) for inter-band EN-DC
	u
	NR slot length (ms)

of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9
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