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Introduction
[bookmark: OLE_LINK27]In RAN4#97-e meeting, the clarification on DL-to-UL and UL-to-DL switching time for intra-band DAPS handover were discussed and three options provided in [1] are considered.
	· [bookmark: OLE_LINK77]Option 1: 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: Retain the existing specification that DL-to-UL and UL-to-DL switching time applies within the same cell
· Note 2:      For DAPS handover on a TDD band, a UE is not expected to transmit in the uplink earlier than NRX-TX after the end of the last received downlink symbol in the same cell where NRX-TX=25600Tc.  
· Note 3:  For DAPS handover on a TDD band, a UE is not expected to receive in the downlink earlier than NTX-RX after the end of the last transmitted uplink symbol in the same cell where NTX-RX=25600Tc.
· Option 3: clarify that 10us 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=19712Tc. 
· 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=19712Tc.
· Other options


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]In TS 38.211, RAN1 specify the minimum time reserved for UE performing DL-to-UL and UL-to-DL switching from single cell perspective and the minimum time is defined as 13us (=25600Tc). 
[bookmark: OLE_LINK40][bookmark: OLE_LINK71]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. Form single cell perspective, the time period allowed for UL-to-DL switching is the time advance between UE transmission timing and the downlink timing, and the time period allowed for DL-to-UL switching is equal to the guard period (GP) minus the time advance, where the value of time advance is defined as (NTA + NTA-offset). 
[bookmark: OLE_LINK73][bookmark: OLE_LINK78][bookmark: OLE_LINK72]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.
If the downlink receive timing difference between source cell and target cell is assumed as Tsync, then the timing relationship between source cell and target cell can be shown as Figure 1.
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Figure 1: Timing relationship between source cell and target cell with PUSCH
From Figure 1, it can be observed that the time period allowed for DL-to-UL switching on both source and target cells is equal to (GP - NTA1 - NTA-offset - Tsync), and the time period allowed for UL-to-DL switching for both source and target cells is equal to  (NTA2 + NTA-offset - Tsync). 
According to TS38.101-1, the transient period between transmit OFF and ON power and between transmit ON and OFF power is defined as 10us. 
	[image: ]
Figure 6.3.3.2-1 (in TS38.101-1): General ON/OFF time mask for NR UL transmission in FR1


[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Then, the values of (GP - NTA1 - NTA-offset - Tsync) and (NTA2 + NTA-offset - Tsync) need to be longer than 10us, which means the values of (GP - NTA1 - NTA-offset) and (NTA2 + NTA-offset) need to be longer than (Tsync + 10us). The maximum receive timing difference between source cell and target cell for intra-band sync DAPS handover is defined as 6us, including 3us BS TAE and 3us propagation delay difference. So the values of (GP - NTA1 - NTA-offset) and (NTA2 + NTA-offset) need to be longer than 16us. In considering of simultaneous switching on both source and target cell, additional 3us margin due to propagation delay difference needs to be considered.
The configuration of GP shall consider the cell coverage (Tprop) and the minimum switching period (13us).  In other words, the value of GP shall be configured to be longer than (2* Tprop + 26us). However, GP is a symbol-level configurable parameter and could not be configured as (2* Tprop + 26us). So, the value of GP usually has a margin. For DL-to-UL switching, the value of (GP - NTA1 - NTA-offset - Tsync) very possibly could be longer than 10us. The value of NTA2 for PDSCH transmission could be considered as the twice of propagation delay between target cell and UE. If the receiving propagation delay difference is assumed as 3us, then value of NTA2 would be larger than 3us. For UL-to-DL switching, the value of (NTA2 + NTA-offset - Tsync) would be longer than 10us. The value of NTA2 for PRACH transmission is defined as 0, then the timing relationship between source cell and target cell can be shown as Figure 2.
[image: ]
Figure 2: Timing relationship between source cell and target cell with PRACH
From Figure 2, it can be observed that the time period allowed for UL-to-DL switching for both source and target cells is equal to (NTA-offset - Tsync). In considering of 6us maximum receive timing difference (Tsync=6us), the value of (NTA-offset - Tsync) could be down to 7us, which does not allow enough time for UE completing UL-to-DL switching. So, the UE shall be allowed to drop a fraction of downlink receptions and the dropping of downlink reception is up to 3us. As specified in TS38.133, the demodulation performance degradation on the first symbol of the slot is allowed for intra-band synchronous DAPS handover. So, no additional performance degradation will be introduced.
Observation 1: Option 2 could not provide sufficient time for UE completing UL-to-DL switching on both source cell and target cell for intra-band DAPS handover.
Proposal 1: option 3 is suggested to clarify the switching time allowed between source cell and target cell.

Conclusions
This contribution provides the discussion on the handover requirements for DAPS-based handover for NR mobility enhancements. The following are provided:
[bookmark: _GoBack]Observation 1: Option 2 could not provide sufficient time for UE completing UL-to-DL switching on both source cell and target cell for intra-band DAPS handover.
Proposal 1: option 3 is suggested to clarify the switching time allowed between source cell and target cell.
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