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Introduction
[bookmark: OLE_LINK27]In RAN4#98-e meeting, the clarification on DL-to-UL and UL-to-DL switching time for intra-band DAPS handover were discussed and two options provided in [1] are considered.
	· Option 1: same as option 1 in R4-2017093: clarify that 13us switching time is allowed between source cell and target cell: 
· Note 2:	For DAPS handover on a TDD band, a UE is not expected to transmit in the uplink to source or target cell earlier than NRX-TX after the end of the last received downlink symbol from source or target cell in the same TDD band where NRX-TX=25600Tc. 
· Note 3:	For DAPS handover on a TDD band, a UE is not expected to receive in the downlink from source or target cell earlier than NTX-RX after the end of the last transmitted uplink symbol toward source or target cell in the same TDD band where NTX-RX=25600Tc.
· Option 2: Add conditions for not expected to transmit / not expected to receive covering both source and target cell. Autonomous interruption is allowed if these conditions are not met: 
· Note 2:	For DAPS handover on a TDD band, a UE shall be capable to transmit in the uplink to source or target cell after NRX-TX  from the end of the last received downlink symbol from source or target cell in the same TDD-band where NRX-TX=25600Tc. When this condition is not met, the UE may perfrom autonomous interruption as shown in Table 6.1.3.2-2.
· Note 3:	For DAPS handover on a TDD band, a UE is shall be capable to receive in the downlink from source or target cell after NTX-RX after the end of the last transmitted uplink symbol towards source or target cell in the same TDD-band where NTX-RX=25600Tc. When this condition is not met, the UE mau perfrom autonomous interruption as shown in table 6.1.3.2-3.
Table  6.1.3.2-2: Autonomous interruptions related to DL to UL switching for syncrounous TDD DAPS handover in the same band
	Scenario
	Allowed interruption

	Target cell earlier than source cellNote 1, prior to start of random access
	Not applicable 

	Target cell later than source cell Note 1, prior to start of random access
	The UE may stop receiving the target DL up to 25600 Tc prior to the start of the source UL

	Target cell earlier than source cell Note 1, after start of random access
	The UE may stop receiving the source DL up to 25600 Tc prior to the start of the target UL

	Target cell later than source cell Note 1, after start of random access
	The UE may start transmitting the source UL up to 25600 Tc after the start of the source DL

	Note 1: As observed by UE at antenna connector



Table  6.1.3.2-3: Autonomous interruptions related to UL to DL switching for syncrounous TDD DAPS handover in the same band
	Scenario
	Allowed interruption

	Target cell earlier than source cell Note 1, prior to start of random access
	The UE may start receiving the target DL up to 25600 Tc after the end of the source UL

	Target cell later than source cell Note 1 prior to start of random access
	Not applicable

	Target cell earlier than source cell Note 1, after start of random access
	The UE may stop transmissions of the source UL up to 25600 Tc prior to the start of target DL reception.

	Target cell later than source cell Note 1, after start of random access
	The UE may start receiving the source DL up to 25600 Tc after the end of the target UL

	Note 1: As observed by UE at antenna connector


 


In this contribution, we provide the discussion on the clarification on DL-to-UL and UL-to-DL switching time for intra-band DAPS handover.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For intra-band DAPS handover, UE is allowed to implement with shared RF chain for source cell and target cell. The UE needs to perform DL-to-UL and UL-to-DL switching simultaneously on both source cell and target cell. The time period allowed for DL-to-UL and UL-to-DL switching shall be long enough for UE performing intra-band DAPS handover.
[bookmark: OLE_LINK140][bookmark: OLE_LINK139][bookmark: OLE_LINK150][bookmark: OLE_LINK147][bookmark: OLE_LINK155]During DAPS handover, the UE need to transmit PRACH to the target cell. After successful RACH procedure of the target cell, the UE still keeps connection with the source cell and will transmit PUCCH/PUSCH to source cell before receiving source cell release command. For PUCCH/PUSCH transmission, the time period allowed for DL-to-UL switching from single cell perspective is equal to (NTA-offset + NTA) and the time period allowed for UL-to-DL switching from single cell perspective is equal to the guard period (GP) minus (NTA-offset + NTA). NTA for PRACH transmission is defined as 0. For PRACH transmission, the time period allowed for DL-to-UL switching from single cell perspective is equal to NTA-offset and the time period allowed for UL-to-DL switching from single cell perspective is equal to the guard period (GP) minus NTA-offset.
[bookmark: OLE_LINK134]According to the definition in TS38.211, the minimum time reserved for UE performing DL-to-UL or UL-to-DL switching from single cell perspective is defined as 13us (=25600Tc). Then, the values of (GP - NTA - NTA-offset) and (NTA + NTA-offset) shall be no shorter than 13us. The maximum value of NTA could be considered as the twice of propagation delay between gNB and UE. The value of NTA-offset for NR TDD carrier is equal to 13us. Hence, the value of GP shall be configured to be longer than (2*Tprop + 26us), where Tprop is denoted as the cell coverage. 
When the UE sends PRACH transmission to target cell, the timing relationship between source cell and target cell can be shown as Figure 1.
[image: ]
(a) Target cell earlier than source cell
[image: ]
(b) Target cell later than source cell
Figure 1: Timing relationship between source cell and target cell with PRACH
[bookmark: OLE_LINK145][bookmark: OLE_LINK135][bookmark: OLE_LINK138]The downlink receive timing difference between source cell and target cell is assumed as Tsync. The TA command for source cell is assumed as NTA1, which is equal to twice of propagation delay between source cell and UE. The value of NTA1 usually can be considered to be larger than the value of Tsync.
[bookmark: OLE_LINK156][bookmark: OLE_LINK142][bookmark: OLE_LINK144][bookmark: OLE_LINK148][bookmark: OLE_LINK136][bookmark: OLE_LINK146][bookmark: OLE_LINK151][bookmark: OLE_LINK137][bookmark: OLE_LINK149][bookmark: OLE_LINK153][bookmark: OLE_LINK152][bookmark: OLE_LINK154]When the target cell is earlier than the source cell, the timing relationship between source cell and target cell can be shown as Figure 1-(a). The value of (GP - NTA-offset) can be considered to be larger than the value of (GP - NTA-offset - NTA1 + Tsync). The available time for DL-to-UL switching on both source cell and target cell is equal to (GP - NTA-offset - NTA1) and shall be longer than 13us. Then, there is no interruption due to DL-to-UL switching. The value of (NTA-offset + NTA1 - Tsync) can be considered to be larger than the value of NTA-offset. The available time for UL-to-DL switching on both source cell and target cell is equal to NTA-offset (=13us). So, there is no interruption due to UL-to-DL switching either.
[bookmark: OLE_LINK157][bookmark: OLE_LINK143]Observation 1: For PRACH transmission on target cell, no interruption is needed when the target cell downlink timing is earlier than the source cell downlink timing.
When the target cell is later than the source cell, the timing relationship between source cell and target cell can be shown as Figure 1-(b). The available time for DL-to-UL switching on both source cell and target cell is equal to (GP - NTA-offset - NTA1- Tsync). Since the minimum value of GP is (2*Tprop + 26us), the corresponding minimum value of (GP - NTA-offset - NTA1- Tsync) is equal to (13us - Tsync). A Tsync interruption due to DL-to-UL switching may be needed. The available time for UL-to-DL switching on both source cell and target cell is equal to (NTA-offset - Tsync) and shorter than 13us. A Tsync interruption due to UL-to-DL switching is needed.
Observation 2: For PRACH transmission on target cell, an interruption of up to 6us due to DL-to-UL or UL-to-DL switching may be needed when the target cell downlink timing is later than the source cell downlink timing.
When the UE sends PUCCH/PUSCH transmission to target cell, the timing relationship between source cell and target cell can be shown as Figure 2.
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(a) Target cell earlier than source cell
[image: ]
(b) Target cell later than source cell
Figure 2: Timing relationship between source cell and target cell with PUCCH/PUSCH
The TA command for target cell is assumed as NTA2, which is equal to twice of propagation delay between target cell and UE. The value of NTA2 usually can be considered to be larger than the value of Tsync.
When the target cell is earlier than the source cell, the timing relationship between source cell and target cell can be shown as Figure 2-(a). The available time for DL-to-UL switching on both source cell and target cell is equal to (GP - NTA-offset - NTA2 - Tsync), and the available time for UL-to-DL switching on both source cell and target cell is equal to (NTA-offset + NTA1 - Tsync). With considering that the minimum value of GP is (2*Tprop + 26us), the minimum available time for DL-to-UL switching is equal to (13us - Tsync). A Tsync interruption due to DL-to-UL switching may be needed. Since the value of NTA1 usually can be considered to be larger than the value of Tsync, the minimum available time for UL-to-DL switching would be longer than 13us and no interruption is needed.
Observation 3: For PUCCH/PUSCH transmission on target cell, an interruption of up to 6us due to DL-to-UL switching may be needed when the target cell downlink timing is earlier than the source cell downlink timing.
When the target cell is later than the source cell, the timing relationship between source cell and target cell can be shown as Figure 2-(b). The available time for DL-to-UL switching on both source cell and target cell is equal to (GP - NTA-offset - NTA1 - Tsync), and the available time for UL-to-DL switching on both source cell and target cell is equal to (NTA-offset + NTA2 - Tsync). With considering that the minimum value of GP is (2*Tprop + 26us), the minimum available time for DL-to-UL switching is equal to (13us - Tsync). A Tsync interruption due to DL-to-UL switching may be needed. Since the value of NTA2 usually can be considered to be larger than the value of Tsync, the minimum available time for UL-to-DL switching would be longer than 13us and no interruption is needed.
Observation 4: For PUCCH/PUSCH transmission on target cell, an interruption of up to 6us due to UL-to-DL switching may be needed when the target cell downlink timing is later than the source cell downlink timing.
Based on the above analysis, an interruption due to DL-to-UL or UL-to-DL switching may be needed for some cases. In RAN4, two options are considered to handle with the switching time period. 
According to option 1, the interruptions due to DL-to-UL or UL-to-DL switching would always occur on the first symbol of the slot, which is aligned with Note 1 that performance degradation for the first symbol of the slot is allowed. For PRACH transmission on target cell when the target cell is later than the source cell, the interruption due to DL-to-UL or UL-to-DL switching will occur on the source cell, and the PRACH transmission on target cell will not be impacted. Hence, the PRACH transmission on target cell will not be impacted.
Observation 5: Option 1 has no impact on PRACH transmission for target cell, and the corresponding interruption is aligned with Note 1 that performance degradation for the first symbol of the slot is allowed.
According to option 2, the interruptions due to DL-to-UL or UL-to-DL switching could occur on either the first symbol or the last symbol of the slot for either source cell or target cell. The UE needs to decide whether and source cell or target cell to be interrupted and whether to have interruption on the first symbol or the last symbol according to the downlink timing relationship between source cell and target cell and whether to perform DL-to-UL or UL-to-DL switching, which will introduce more UE complexity. Furthermore, the interruption on the last symbol of the slot would cause the performance degradation on the last symbol of the slot, which is not aligned with the definition of Note 1.
Observation 6: Option 2 would cause UE implementation complexity, and the corresponding interruption is not aligned with the allowed performance degradation defined in Note 1.
From the above observations, we suggest to use option 1 to clarify the DL-to-UL and UL-to-DL switching time for TDD intra-band DAPS handover.
Proposal 1: option 1 is suggested to clarify the switching time allowed between source cell and target cell.
Conclusions
This contribution provides the discussion on maintaining handover requirements for DAPS-based handover for NR mobility enhancements. The following are provided:
Observation 1: For PRACH transmission on target cell, no interruption is needed when the target cell downlink timing is earlier than the source cell downlink timing.
Observation 2: For PRACH transmission on target cell, an interruption of up to 6us due to DL-to-UL or UL-to-DL switching may be needed when the target cell downlink timing is later than the source cell downlink timing.
Observation 3: For PUCCH/PUSCH transmission on target cell, an interruption of up to 6us due to DL-to-UL switching may be needed when the target cell downlink timing is earlier than the source cell downlink timing.
Observation 4: For PUCCH/PUSCH transmission on target cell, an interruption of up to 6us due to UL-to-DL switching may be needed when the target cell downlink timing is later than the source cell downlink timing.
Proposal 1: option 1 is suggested to clarify the switching time allowed between source cell and target cell.
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