3GPP TSG-RAN WG4 #99e	R4-2110393
Electronic Meeting, May. 19-27, 2021               

Title: 					TDD UL-DL and DL-UL switching in DAPS handover
Source: 				Ericsson
Agenda item:	6.7.2
Document for:	Discussion
Introduction
In NR DAPS a way forward was agreed in RAN4#97:
	· Issue 1-3: further clarification on DL-to-UL and UL-to-DL switching time
· 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




Discussion
Option 1 followed exactly the CR presented in RAN4#97. Prior to the meeting, our interpretation of the CR and especially the wording “not expected to transmit / not expected to receive” was that this is an impact requirement on the network to avoid such condition, for example, by configuring legacy rather than DAPS handover in case the timing requirements cannot be met. This view is supported because there is no statement of what the UE is expected to do, meaning that it may for instance skip the transmission or reception completely from either source or target cell for any length of time, even the remainder of the radio frame. It is not generally always possible for the network to mitigate these conditions, because the network is not aware of some aspects of the condition the UE would experience such as:
· The propagation delays from source and target cell to UE, or equivalently the receive time difference (such as SFTD) at the UE
· The network does not exactly know its own TAE for source and target transmissions (if such were known, then it could be used to synchronize the nodes better).
· The timing advance on source and target cells being used by the UE, although it may potentially be estimated by tracking initial Ta and accumulated Ta commands. Cases where the network transmits a TA command but it is not successfully received impact the accuracy of such an estimate.
· The actual switching capability of the UE (i.e. if it could switch faster than the minimum requirement)
X
This is particularly true before the target link has even been established, since the timing of the target UL is found by the initial random access procedure.
We also believe that it would be rather undesirable to extend GP to facilitate DAPS handover, since GP is used by all UEs and minimizing the GP overhead (within what is practical for pre DAPS deployment) is important for system efficiency. In practice TDD configurations needs to be agreed across operators and countries and can involve inter RAT inter technology dependencies.
Observation 1 : Network does not know the exact timing condition at UE when DAPS HO is being performed
Observation 2 : It is important not to extend GP to facilitate DAPS operation, from an overhead perspective
During the discussion in the meeting, it emerged that some companies viewed the DAPS switching constraints (DL-DL and UL-DL) as more of a UE issue, and that there would be autonomous interruption by the UE for ~<3us, similarly as the interruptions which were already discussed to DL for UE AGC switching issues when the RTD exceeds the cyclic prefix in synchronous operations. A word of caution here is that UL-DL and DL-UL switching will occur in every radio frame, whereas AGC updates are less frequent (even if the AGC is nominally updated on every SMTC this may well be 20ms or greater. And many times the updated AGC setting may be very similar or identical to the already used setting) In addition, the earlier identified AGC issues only have impact to the DL, whereas this issue has potential impact to both DL and UL.In principle, DL PDCP data from both nodes is duplicated and identical, whereas UL PDCP has a hard switchover after the target random access procedure.  Nevertheless, it does appear that an autonomous interruption based solution to allow the UE to operate with a common RX/TX chain and with two signals that do not have perfect synchronization has some merit, even though this is not really captured by any of the options in the WF.
Before turning to this discussion, we consider the options in the WF, and provide the following comment
Option 1 : The main aspect of option 1 is to allow the same RX/TX switching requirement as for single cell operation. In our view, this is necessary since it is very unattractive to implement DAPS if it implies hardware components in the UE which can switch between UL and DL more rapidly, and current specification is consistent with the RF on/off time mask and transient specified in 38.101-1 section 6.3.3.
Option 2 : This was proposed by Ericsson, but our main point in proposing this was just to emphasize that this is what will happen unless companies agree on an alternative. CRs to the specification text are only agreed if there is consensus to agree a change, However, although the existing text is fine from a network implementation perspective we also don’t consider that it would be desirable not to agree any CR; UEs in practice might behave in different ways which would be clearly undesirable from an interoperability  perspective.
Option 3 : This seems not practical as it would require 3uS faster UL to DL and DL to UL switching in the UE.
We think other options need discussion, or at a minimum clarification under option 1 of what the UE is expected to do is necessary to solve the problem.
The scenario for UL to DL and DL to UL switching with DAPS is shown in figure 1 and 1b, with an early and late cell (either source or target) such that the TAE is depicted to be 3uS.
[image: ]
Figure 1(a) DAPS handover at cell edger and figure 1(b)DAPS handover at cell centre
Figure 1(a) shows the situation at cell edge, where DL to UL switching can potentially be constrained. If the UE needs to receive from BS2 and the TA for BS1 UL transmission is such that there is insufficient time for the switchover to the UL transmission towards BS1 then there will be a constraint. Conversely figure 1b shows that, at cell centre, if the here is a late UL transmission due to BS1 then there may be insufficient time to switch to receive BS2 downlink.
In either case, our view is that the UE can manage the situation with autonomous interruption, either by
· In the case of figure 1a (a problem with DL to UL transition,  skipping up to 3uS of DL reception from BS2 or up to 3uS of transmission to BS1
· In the case of figure 1b (a problem with UL to DL transition, skipping up to 3uS of UL transmission to BS1 or up to 3uS of reception from BS1

There are also a number of aspects related to the design of DAPS which are relevant.
1. Prior to the start of the random access procedure towards target, the UE will be receiving from the source and target cells, but only transmitting towards the source cell. Therefore the situation in figure 1a can only occur if the source cell timing is earlier than the target. The situation in figure 1b can only occur if the source cell timing is later than the target.
2. After completion of the random access procedure, the UE transmits PDCP data only to the target. Although the UE capable of simultaneous transmission can transmit towards the source cell as well, it is much more common that data transmissions to target are scheduled.

Taking these aspects together, our view is that it is better to prioritize UL transmission towards the source prior to starting the random access procedure towards the target, and it is better to prioritize UL transmission towards the target as soon as the random access procedure begins. Similarly, for the DL it makes more sense to prioritize reception from the source cell before the target cell uplink has been set up, and prioritize reception from the target cell after the target cell uplink has been set up. In the case of DL, PDCP data is duplicated so in principle, receiving DPCP DL streams from both source and target fully should not be needed, further motivating a  prioritization.
	Scenario
	Mitigation action

	Early target, late source, prior to start of random access
	Not applicable (no target transmission)

	Late target, early source, prior to start of random access
	Skip last part of target DL

	Early target, late source, after start of random access
	Skip last part of source reception

	Late target, early source, after start of random access
	Skip first part of source transmission


Table 2 : Mitigation of constraints for DL to UL switching

	Scenario
	Mitigation action

	Early target, late source, prior to start of random access
	Skip first part of target DL

	Late target, early source, prior to start of random access
	Not applicable (no target transmission)

	Early target, late source, after start of random access
	Skip last part of source transmission

	Late target, early source, , after start of random access
	Skip first part of source reception


Table 3 : Mitigation of constraints for UL to DL switching

Although there are many cases in table 2 and 3, the basic rule is simple; prior to random access procedure the autonomous interruption is done in communication towards the target cell as necessary to enable the UE to have sufficient switching time, and after the random access procedure the autonomous interruption is done in communication towards source cell as necessary to allow the UE to have sufficient switching time.
Proposal 1 : Prior to random access procedure autonomous interruption is done in communication towards the target cell as necessary to enable the UE to have sufficient switching time, and after the random access procedure autonomous interruption is done in communication towards source cell as necessary to allow the UE to have sufficient switching time.
The corresponding CR can be found in [2].
Conclusions
[bookmark: _Hlk61343482][bookmark: _Hlk61343618]In this contribution we have discussed further clarification on DL-to-UL and UL-to-DL switching time. A corresponding CR to TS 38.133 can be found in [2].
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