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1	Introduction
In this contribution we discuss the impact of 2-step RA and RACH-less access on the switch of UL data during DAPS handover, which is relevant in view of the following agreement and FFS from RAN2 #107bis. 
Agreements for LTE and NR
1 	UE switches the UL PDCP data transmission upon successful RACH procedure (Msg2 for CFRA or Msg4 for CBRA).  
2	The UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB.
3	When an uplink grant indicating the HARQ new transmission is received in the source link after UL data switching, the UE is expected to perform the corresponding UL transmission accordingly.
4	During Rel-16 RUDI handover, the UE only supports two links (i.e. the source MCG link and the target MCG link).

Agreements for LTE
1 RACHless applicability can be discused after procedure has progressed more.

Agreements for NR
2 FFS if Msg.B for 2-step RACH works the same.

[bookmark: _Ref178064866]2	Discussion
2.1	DAPS HO with 2-step RA
For DAPS HO it has been agreed that the UE switches the UL transmissions on DRBs from the source cell to the target cell upon completion of a successful random access procedure in the target cell (i.e. on reception of Msg2 for CFRA or Msg4 for CBRA) as per the above agreement from RAN2 #107bis. However, the messages in the random access procedure are different in the case of 2-step RA and it should be analyzed what would be a suitable trigger of the switch of UL PDCP data transmission in the 2-step RA case.
Starting from the above agreement, completion of a 2-step RA procedure is marked by reception of a MsgB containing a successRAR MAC subPDU matching the UE’s MsgA transmission, i.e. indicating the preamble and PRACH occasion the UE used and containing a contention resolution ID matching the MsgA the UE transmitted (i.e. the contention resolution is successful).
However, MsgB is used as a response to a MsgA transmission only when the UE is in RRC_IDLE or RRC_INACTIVE state. A UE in RRC_CONNECTED state provides its C-RNTI in a C-RNTI MAC CE in MsgA and the network responds in another way than with a MsgB and hence the 2-step RA procedure is completed in another way than with a MsgB.
[bookmark: _Toc32250904]Reception of MsgB indicating successful contention resolution marks the completion of the 2-step random access procedure for RRC_IDLE and RRC_INACTIVE UEs.
[bookmark: _Toc32250905]For a UE in RRC_CONNECTED state, which provides its C-RNTI in MsgA, the 2-step RA procedure is completed in another way than with a regular MsgB.
When using 2-step RA to access the target cell during a handover, the UE is obviously in RRC_CONNECTED state, so the 2-step RA completion for this state should be the UL DRB switch trigger. To find the marker for completion of the 2-step RA procedure when the UE is in RRC_CONNECTED state, we turn to the current running 2-step RA CR for TS 38.321 and find the following paragraphs, where the parts relevant for the handover case are highlighted:
Once the MSGA is transmitted, regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1> start the msgB-ResponseWindow at the first PDCCH occasion from the end of the MSGA transmission as specified in TS 38.213 [6];
1>	monitor the PDCCH of the SpCell for a Random Access response identified by MSGB-RNTI while the msgB-ResponseWindow is running;
1> if C-RNTI MAC CE was included in the MSGA:
2> monitor the PDCCH of the SpCell for random access response identified by the C-RNTI while the msgB-ResponseWindow is running;
1>	if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:
2>	if the C-RNTI MAC CE was included in MSGA:
3> if the Random Access procedure was initiated for beam failure recovery (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI: 
4> consider this Random Access Response reception successful;
4> stop the msgB-ResponseWindow;
4>	consider this Random Access procedure successfully completed.
3>	else if the timeAlignmentTimer associated with the PTAG is running:
4> if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:
5> consider this Random Access Response reception successful;
5> stop the msgB-ResponseWindow;
5>	consider this Random Access procedure successfully completed.
3>	else:
4> if a downlink assignment has been received on the PDCCH for the C-RNTI and the received TB is successfully decoded:
5>	if the MAC PDU contains the Absolute Timing Advance Command MAC CE in the MAC subPDU:
6> process the received Timing Advance Command (see clause 5.2);
6> consider this Random Access Response reception successful;
6> stop the msgB-ResponseWindow; 
6>	consider this Random Access procedure successfully completed and finish the disassembly and demultiplexing of the MAC PDU.
Apparently, when the UE is in RRC_CONNECTED state, it includes its C-RNTI in MsgA and a subsequent reception of a PDCCH transmission addressed to the UE’s C-RNTI marks the completion of the 2-step RA procedure. In case of a handover, where the 2-step RA procedure is performed in the target cell, the PDCCH transmission would typically be a downlink assignment and an additional condition for successful 2-step RA completion is that the corresponding PDSCH transmission (which contains an Absolute Timing Advance Command MAC CE) should be successfully decoded. Hence, this should be the trigger for switching of the UL DRB transmissions from the source cell to the target cell. That is, after transmitting MsgA (including the C-RNTI MAC CE) in the target cell, the UE monitors the PDCCH in the target cell and upon reception of a downlink assignment PDCCH transmission addressed to the UE’s C-RNTI and successful decoding of the transport block transmitted on the allocated PDSCH resources, the UE switches the UL DRB transmissions from the source cell to the target cell.
[bookmark: _Toc32250906]Reception of a downlink assignment PDCCH transmission addressed to the UE’s C-RNTI in the target cell and successful decoding of the transport block transmitted on the allocated PDSCH resources marks the completion of the 2-step RA procedure in the case of handover.
[bookmark: _Toc32511550]When a UE uses 2-step RA to access the target cell during a DAPS HO, reception of a subsequent downlink assignment PDCCH transmission addressed to the UE’s C-RNTI in the target cell and successful decoding of the transport block transmitted on the allocated PDSCH resources triggers the UE to switch the UL DRB transmissions to the target cell.
A conclusion of this is that MsgA PUSCH must not contain any DRB data, but can only contain the RRCReconfigurationComplete message indicating the conclusion of the handover. If DRB data were to be multiplexed with this RRC message and it turns out that the gNB was not able to decode MsgA (and might not even have received the preamble), and the UE consequently continues to transmit in the source cell, the DRB data transmitted in the target cell would cause a gap in the PDCP sequence numbers which would increase the PDCP reordering delay in the receiving PDCP entity.
[bookmark: _Toc32250907]Transmission of DRB data in MsgA PUSCH (multiplexed with the RRCReconfigurationComplete message), i.e. prior to receiving the above proposed trigger for switching of UL DRB transmissions, may cause PDCP reordering delay in the gNB’s receiving PDCP entity in the source cell.
The above discussion covers the case of successful 2-step RA for both the CBRA and the CFRA case. However, another case which remains to be discussed is when the 2-step RA preamble is successfully received but the MsgA PUSCH is not. In this case (which is applicable to UEs in all states), the network can trigger a fallback to 4-step RA by responding with a MsgB containing a fallbackRAR MAC subPDU matching the UE’s preamble transmission. The fallbackRAR MAC subPDU contains an UL grant in the same way as a Random Access Response in the 4-step RA case and the UE uses the UL grant to retransmit MsgA PUSCH in the form of Msg3. Hence, random access procedure, which was initiated as a 2-step RA procedure, is effectively turned into a 4-step RA procedure. Then we can essentially reuse the already agreed triggers. This means that in the case of fallback from 2-step RA to 4-step RA, in the CFRA case the UE switches the UL DRB transmissions from the source cell to the target cell upon reception of a MsgB containing a fallbackRAR MAC subPDU matching the UE’s preamble transmissions and in the CBRA case the UE switches the UL DRB transmissions from the source cell to the target cell upon reception of a Msg4 addressed to the UE’s C-RNTI.
[bookmark: _Toc32511551]During DAPS handover, in the case of fallback from 2-step RA to 4-step RA when the UE used a CFRA preamble in the MsgA transmission, the UE switches the UL DRB transmissions from the source cell to the target cell upon reception of a MsgB containing a fallbackRAR MAC subPDU matching the UE’s preamble transmission.
Note: That a fallbackRAR MAC subPDU in a MsgB matches the UE’s preamble transmission means 1) that the DCI containing the downlink assignment for the MsgB contains an indication of the two least significant bits of the SFN which matches the PRACH occasion the UE used for transmission of the preamble and 2) that the preamble ID in the fallbackRAR MAC subPDU matches the preamble ID of the preamble the UE transmitted.
[bookmark: _Toc32511552]During DAPS handover, in the case of fallback from 2-step RA to 4-step RA when the UE used a CBRA preamble in the MsgA transmission in the target cell, the UE switches the UL DRB transmissions from the source cell to the target cell upon reception of a Msg4 addressed to the UE’s TC-RNTI including a matching Contention Resolution Identity MAC CE.
2.2	DAPS HO with RACH-less access
During RACH-less HO in LTE there is no Msg2, Msg4 or MsgB in the traditional sense and there are instead other ways to conclude a successfully completed handover and access to the target cell.
There are two flavours of RACH-less HO. As one option, the UE is configured with repetitive preconfigured UL grants in the target cell. With the other option, no UL grants are preconfigured and the UE instead monitors the PDCCH in the target cell for dynamically assigned UL grants. In both cases the UE uses the first possible UL grant to transmit the RRCConnectionReconfigurationComplete message. What happens next is captured by the following lines in TS 36.321:
-    if the MAC entity is configured with rach-Skip or rach-SkipSCG and a UE Contention Resolution Identity MAC control element for this TTI has been received on the PDSCH indicated by the PDCCH of the SpCell addressed to the C-RNTI:
-	indicate to upper layer the successful reception of a PDCCH transmission addressed to the C-RNTI.
There is a corresponding procedure text in TS 36.331:
1>	if MAC successfully completes the random access procedure; or
1>	if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>	stop timer T304;
2>	release rach-Skip;
…
Apparently, the UE’s successful access to the target cell and the completion of the handover procedure is indicated by a downlink assignment on the PDCCH addressed to the UE’s C-RNTI and a successfully received associated PDSCH transmission containing a matching Contention Resolution Identity MAC CE. This should thus be the trigger for the UE to switch the UL DRB transmissions from the source cell to the target cell.
[bookmark: _Toc32511553]When DAPS handover is combined with RACH-less access (in LTE), the UE switches UL DRB transmissions from the source cell to the target cell upon reception of a downlink assignment on the PDCCH addressed to the UE’s C-RNTI and a successfully received associated PDSCH transmission containing a matching Contention Resolution Identity MAC CE.
And in line with what is concluded in observation 4,transmission of DRB data in the first UL message in the target cell (multiplexed with the RRCConnectionReconfigurationComplete message), i.e. prior to receiving the above proposed trigger for switching of UL DRB transmissions, may cause PDCP reordering delay in the eNB’s receiving PDCP entity in the target cell.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Reception of MsgB indicating successful contention resolution marks the completion of the 2-step random access procedure for RRC_IDLE and RRC_INACTIVE UEs.
Observation 2	For a UE in RRC_CONNECTED state, which provides its C-RNTI in MsgA, the 2-step RA procedure is completed in another way than with a regular MsgB.
Observation 3	Reception of a downlink assignment PDCCH transmission addressed to the UE’s C-RNTI in the target cell and successful decoding of the transport block transmitted on the allocated PDSCH resources marks the completion of the 2-step RA procedure in the case of handover.
Observation 4	Transmission of DRB data in MsgA PUSCH (multiplexed with the RRCReconfigurationComplete message), i.e. prior to receiving the above proposed trigger for switching of UL DRB transmissions, may cause PDCP reordering delay in the gNB’s receiving PDCP entity in the source cell.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When a UE uses 2-step RA to access the target cell during a DAPS HO, reception of a subsequent downlink assignment PDCCH transmission addressed to the UE’s C-RNTI in the target cell and successful decoding of the transport block transmitted on the allocated PDSCH resources triggers the UE to switch the UL DRB transmissions to the target cell.
Proposal 2	During DAPS handover, in the case of fallback from 2-step RA to 4-step RA when the UE used a CFRA preamble in the MsgA transmission, the UE switches the UL DRB transmissions from the source cell to the target cell upon reception of a MsgB containing a fallbackRAR MAC subPDU matching the UE’s preamble transmission.
Proposal 3	During DAPS handover, in the case of fallback from 2-step RA to 4-step RA when the UE used a CBRA preamble in the MsgA transmission in the target cell, the UE switches the UL DRB transmissions from the source cell to the target cell upon reception of a Msg4 addressed to the UE’s TC-RNTI including a matching Contention Resolution Identity MAC CE.
Proposal 4	When DAPS handover is combined with RACH-less access (in LTE), the UE switches UL DRB transmissions from the source cell to the target cell upon reception of a downlink assignment on the PDCCH addressed to the UE’s C-RNTI and a successfully received associated PDSCH transmission containing a matching Contention Resolution Identity MAC CE.
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