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1
Introduction
	It has been decided in RAN2 #107 to specify Dual Active Protocol Stack (DAPS) solution for minimizing user data interruption during handover [1]: Agreements

1
We will not specify single active protocol stack solution (option 0/1/2)

2
We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).


	Agreements

1
Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 

2
UL PUSCH switches from source to target after reception of the first UL grant from the target eNB



In this paper, we analyse how mobility robustness could be provided to non-split bearer solution with dual active protocol stacks.
2
Non-Split Bearer with Dual Active Protocol Stacks
The steps of non-split bearer solution with dual active protocol stacks are summarized in [2]. Herein, each of the source and target eNB has full L2 protocol stack with own security key for ciphering and deciphering of the PDCP SDUs. To avoid a hard handover causing service interruption, the UE should establish a new radio link with respect to the target eNB before detaching the radio link of the source eNB. That is for some time before releasing the source eNB, the UE would be exchanging data with both source and target gNBs.
An illustration of the non-split bearer solution with dual active protocol stack is shown in Fig. 1:

· Steps 1 to 7 are similar to baseline handover. 

· After receiving the handover command in step 7, the UE continues exchanging user data with source eNB, even when sending the RACH preamble to the target eNB. The received user data is ciphered by the key of the source eNB. 
· When receiving the first UL grant in the RACH response, UE switches the UL PUSCH from source to target cell and sends RRC Connection Reconfiguration in step 10.
· After completing the access to the target eNB in step 10, the UE exchanges DL user data with source and target eNBs that is ciphered with different security keys. The UE applies the security keys of the target eNB for UL transmission on PUSCH.
· After having established a new radio link with the target eNB, the radio link of the source eNB is released and the path switch is performed to complete the handover.
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    Figure 1: Non-split bearer solution with dual active protocol stacks.

3
Mobility Robustness
In this section, we analyse two methods for providing mobility robustness for non-split bearer with dual active protocol stacks. The first method uses conditional handover with non-split bearer solution whereas the second method relies on early handover execution and late detach of the source cell. The details of the two methods are discussed in the following subsections.
3.1
Combination with Conditional Handover (Method 1)
In this method, conditional handover is applied in combination with non-split bearer solution to provide mobility robustness. Mobility robustness is provided by early handover preparation when the radio link of the source cell is still sufficient and late handover execution when the target cell is already stable.

The steps of the combined solution are shown in Fig. 2a, i.e., the first six steps are the same as in Fig. 1 and they have been omitted for simplicity:
· In step 7, the source cell sends to the UE the handover command containing the list of prepared candidate cells and the CHO condition(s) that the UE has to evaluate for executing the handover. 

· After receiving the handover command, the UE continues to exchange user data with the source cell and evaluates the CHO condition.

· Once the CHO condition expires, the UE executes the random access to the target cell and continues to receive user data from the source cell.

· After having established a new radio link with the target eNB (i.e. after Step 10 in Fig. 2a), the radio link of the source eNB is released and the UE continues exchanging data with the target eNB.

Observation 1: Mobility robustness can be provided to non-split bearer solution by applying conditional handover resulting in early preparation of the handover and late handover execution.
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Figure 2: Two methods for providing mobility robustness to non-split bearer with dual protocol stacks.

3.2
Early Handover Execution and Late Source eNB Detach (Method 2)
In this method, mobility robustness is provided by establishing early the second radio link with the target cell. After completing the access, the UE does not release immediately the radio link of the source cell, but rather waits until the radio link of the target cell becomes strong enough, e.g., X dB stronger than source cell.  The steps of the solutions are shown in Fig. 2b:
· In step 7, the source cell instructs the UE to execute an early handover to the target cell. Moreover, the UE is provided with a condition on when to detach the source cell after establishing the radio link of the target cell.

· While performing the random access (steps 8-10), the UE continues to exchange user data with the source cell. 

· After establishing the radio link of the target cell, the UE starts to evaluate the condition on when to detach the radio link of the source cell. For instance, the detach of the source cell could be triggered when the radio link of the target cell is X dB better than the source cell.
· Once the condition is fulfilled, the radio link of the source eNB can be released as shown in step 12. Herein, two options are possible:

· Option 1: The UE releases the radio link of the source eNB autonomously.

· Option 2: The UE sends a measurement report to the network which in turn sends an RRC signalling message to release the source eNB.

Observation 2: As an alternative to applying conditional handover, mobility robustness can be provided to non-split bearer solution by establishing early the radio link with the target cell and releasing late the radio link of the source cell.
3.3
Comparison of Method 1 and Method 2
With respect to downlink transmission, in method 1 the second DL radio link of the target cell is established late once the CHO condition expires. In this case, the DL radio link of the source cell should be sufficiently reliable till the DL second radio link is established, otherwise the UE may experience service interruption time. On the other hand, in method 2 the DL radio link of the target cell is established early and the source cell is released late which is much safer approach and provides robustness against any possible degradation of the DL source cell radio link
Observation 3: Early access of the target eNB and late release of the source eNB provides more reliable downlink transmission than using conditional handover with DAPS.

On the other hand, with respect to uplink transmission it is not obvious which method performs better. In method 1, the UE has to maintain the UL transmission in the source cell until CHO execution condition expires which might result in UL interruption if performed late. On the other, in method 2 the UE has to switch the UL PUSCH transmission early to a target cell which may not be stable yet.
Observation 3: Both methods 1) early access of the target eNB and late release of the source eNB and 2) CHO + DAPS have their pros and cons with respect to reliability of UL transmission.
Proposal 1: RAN 2 to discuss both methods 1) early access of the target eNB and late release of the source eNB and 2) CHO + DAPS for providing mobility robustness in dual-active protocol stack solution.

4
Conclusion
In this paper, we have analysed two methods for providing mobility robustness to non-split bearer with dual active protocol stacks. The observations and proposals are as follows:
Observation 1: Mobility robustness can be provided to non-split bearer solution by applying conditional handover resulting in early preparation of the handover and late handover execution.

Observation 2: As an alternative to applying conditional handover, mobility robustness can be provided to non-split bearer solution by establishing early the radio link with the target cell and releasing late the radio link of the source cell.
Observation 3: Both methods 1) early access of the target eNB and late release of the source eNB and 2) CHO + DAPS have their pros and cons with respect to reliability of UL transmission.

Proposal 1: RAN 2 to discuss both methods 1) early access of the target eNB and late release of the source eNB and 2) CHO + DAPS for providing mobility robustness in dual-active protocol stack solution.

References
[1]   R2-1908108, Report from session on Rel-16 LTE mobility enhancements WI, Session chair (Nokia), 3GPP TSG-RAN WG2 Meeting #106, Reno, USA, 13th – 17th May 2019.
[2]   R2-1904255, Report of [105#57][LTE/feMOB] UE and network side impacts of single/dual protocol stacks, ZTE, 3GPP TSG RAN WG2 Meeting #105-bis, Xi’an, China, 8th-12th April 2019.

b) Mobility robustness is provided by early access of the target eNB and late detach of the source eNB.





a) Mobility robustness is provided by using conditional handover.












