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1 Introduction
In Rel-16 WI LTE/NR mobility enhancement, DAPS handover has been discussed and stabilizing, which has a big impact on PDCP specification. In this contribution, we can discuss leftover PDCP issues to be more specific on how the PDCP entity works during DAPS handover.
2  Discussion
2.1 State variables for LTE / NR PDCP receive operation 

In LTE, the PDCP receive operation is different per DRB, e.g. for UM DRB without reordering, AM DRB without reordering, AM DRB (split DRB or LWA DRB or SLRB) with reordering, etc. Hence, the different PDCP state variables should be maintained to operate the different PDCP receive operation for each DRB. 

Unlink LTE, the NR PDCP receive operation is common for all DRB and even for SRB, i.e. a single PDCP receive operation with reordering. The same PDCP state variables are maintained to operate the PDCP receive operation regardless of which type of DRB.
Observation 1. For LTE UM DRB and LTE AM DRB (not split DRB, not LWA DRB, and not SLRB), the reordering function is not used.
In RAN2#107bis, RAN2 agreed to make the following agreements regarding the reordering function for DAPS PDCP:
Agreements for NR and LTE

Reordering: 

10
Stick to current process of reordering and RoHC in LTE and NR.

11
For both LTE and NR, the current PDCP reordering function can be reused to reorder the PDCP PDUs received from the source cell and the target cell when DAPS is configured during HO.

Agreements for NR 

Reordering: 

12
One common PDCP reordering is used to realize in-order delivery for header decompression and in-order delivery of PDCP SDUs to upper layer.  FFS which part of operation is left to UE implementation.

Based on the above agreements, our understanding is that at least LTE DAPS PDCP receive operation would be very similar as that of legacy AM DRB with reordering.
The state variables for LTE PDCP, NR PDCP, LTE DAPS PDCP and NR DAPS PDCP receive operation can be summarized as follows:

	
	Normal PDCP
	DAPS PDCP

	LTE UM DRB
	Next_PDCP_RX_SN
	Next_PDCP_RX_SN
Last_Submitted_PDCP_RX_SN
Reordering_PDCP_RX_COUNT

	LTE AM DRB
	Next_PDCP_RX_SN
Last_Submitted_PDCP_RX_SN
	Next_PDCP_RX_SN
Last_Submitted_PDCP_RX_SN
Reordering_PDCP_RX_COUNT

	LTE AM DRB with reordering
	Next_PDCP_RX_SN
Last_Submitted_PDCP_RX_SN
Reordering_PDCP_RX_COUNT
	Next_PDCP_RX_SN
Last_Submitted_PDCP_RX_SN
Reordering_PDCP_RX_COUNT

	NR DRB
	RX_NEXT
RX_DELIV
RX_REORD
	RX_NEXT
RX_DELIV
RX_REORD


Table 1. State variables for PDCP receive operation
To reuse the current reordering function, we think that LTE DAPS PDCP should maintain three state variables, i.e. Next_PDCP_RX_SN, Last_Submitted_PDCP_RX_SN, and Reordering_PDCP_RX_COUNT while that NR DAPS PDCP should maintain three state variables, i.e. RX_NEXT, RX_DELIV, and RX_REORD as shown in the table.

Proposal 1. As in legacy LTE reordering function, LTE DAPS PDCP reuses three state variables i.e. Next_PDCP_RX_SN, Last_Submitted_PDCP_RX_SN, and Reordering_PDCP_RX_COUNT.
Proposal 2. As in legacy NR reordering function, NR DAPS PDCP reuses three state variables i.e. RX_NEXT, RX_DELIV, and RX_ REORD.
Note that Last_Submitted_PDCP_RX_SN and Reordering_PDCP_RX_COUNT are not in use for LTE UM DRB upon PDCP reconfiguration from normal PDCP to DAPS PDCP as shown in the table.
Also, we need to note that Reordering_PDCP_RX_COUNT is not in use for LTE AM DRB without reordering upon PDCP reconfiguration from normal PDCP to DAPS PDCP as shown in the table.
Observation 2. Last_Submitted_PDCP_RX_SN and Reordering_PDCP_RX_COUNT are not in use for LTE UM DRB upon PDCP reconfiguration from normal PDCP to DAPS PDCP. 

Observation 3. Reordering_PDCP_RX_COUNT is not in use for LTE AM DRB without reordering upon PDCP reconfiguration from normal PDCP to DAPS PDCP. 
In RAN2#108, RAN2 made more specific agreements as follows:
Agreements

1
Confirm to use the term ‘DAPS PDCP’ to name the PDCP entity supporting DAPS. 

2
The ‘PDCP reconfiguration’ procedure handles the two cases:

•
Change from the normal PDCP entity to the DAPS PDCP entity;

•
Change from the DAPS PDCP entity to normal PDCP entity.
3
When upper layers request a PDCP reconfiguration, UE shall performs PDCP reconfiguration from the normal PDCP to DAPS PDCP.

4
For the change from the normal PDCP to DAPS PDCP, UE establishes a ciphering function, integrity protection function and ROHC protocol stack and applies the security algorithms and keys provided by upper layer.

5
When upper layers request a PDCP reconfiguration and the source protocol is released, UE shall performs PDCP reconfiguration from DAPS PDCP to normal PDCP. 

6
For the change from DAPS PDCP to the normal PDCP, UE releases the ciphering function, integrity protection function associated to the released RLC entity. FFS how RoHC is handled

7
PDCP status report is triggered when UL switching occurs (from MAC to RRC to PDCP). Since PDCP has switched to target, it is transmitted to target only.

FFS whether PDCP status report is triggered when upper layer requests a PDCP reconfiguration with source protocol release.

8
The state variables control the transmission and reception operation should not be reset and the timers including t-Reordering and discardTimer keeps running during PDCP reconfiguration procedure.
As RAN2 agreed, our understanding is that the state variables “in use” should not be reset not to hurt on-going data reception in PDCP receive operation upon PDCP reconfiguration.
Proposal 3. The state variables in use should not be reset upon PDCP reconfiguration during DAPS handover.
However, as we mentioned above, two cases should need to be discussed, i.e. PDCP reconfiguration for LTE UM DRB and LTE AM DRB without reordering. 
Since Last_Submitted_PDCP_RX_SN and Reordering_PDCP_RX_COUNT are not in use for LTE UM DRB and Reordering_PDCP_RX_COUNT is not in use for LTE AM DRB without reordering, these two state variables should be initialized upon PDCP reconfiguration from normal PDCP to DAPS PDCP. 

In order not to trigger a reordering upon PDCP reconfiguration, Reordering_PDCP_RX_COUNT should be set to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.

Proposal 4. Reordering_PDCP_RX_COUNT is set to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN upon PDCP reconfiguration for LTE UM DRB and LTE AM DRB without reordering from normal PDCP to DAPS PDCP.
To follow the variable’s definition, Last_Submitted_PDCP_RX_SN should be set to [(Next_PDCP_RX_SN-1) modulo (Maximum_PDCP_SN+1)]. 

Proposal 5. Last_Submitted_PDCP_RX_SN should be set to [(Next_PDCP_RX_SN-1) modulo (Maximum_PDCP_SN+1)] upon PDCP reconfiguration for LTE UM DRB from normal PDCP to DAPS PDCP.
In LTE, the AM DRB can be reconfigured with split AM DRB by reconfiguring the PDCP receive operation without reordering to the PDCP receive operation with reordering. 

Note that the reordering function is still maintained to process the buffered data or possible data due to LTE RLC re-establishment when split AM DRB is reconfigured with non-split AM DRB, i.e. SCG release.

In the same reason, we think it would be better to maintain the reordering function even if DAPS PDCP is reconfigured with normal PDCP upon the source release.  

Proposal 6. For the change from DAPS PDCP to the normal PDCP upon the source release, the reordering function is still maintained. 
3 Conclusion

In this contribution, we provide our view on the leftover issues on DAPS PDCP to discuss the following proposals:

Proposal 1. As in legacy LTE reordering function, LTE DAPS PDCP reuses three state variables i.e. Next_PDCP_RX_SN, Last_Submitted_PDCP_RX_SN, and Reordering_PDCP_RX_COUNT.
Proposal 2. As in legacy NR reordering function, NR DAPS PDCP reuses three state variables i.e. RX_NEXT, RX_DELIV, and RX_ REORD.
Proposal 3. The state variables in use should not be reset upon PDCP reconfiguration during DAPS handover.

Proposal 4. Reordering_PDCP_RX_COUNT is set to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN upon PDCP reconfiguration for LTE UM DRB and LTE AM DRB without reordering from normal PDCP to DAPS PDCP.
Proposal 5. Last_Submitted_PDCP_RX_SN should be set to [(Next_PDCP_RX_SN-1) modulo (Maximum_PDCP_SN+1)] upon PDCP reconfiguration for LTE UM DRB from normal PDCP to DAPS PDCP.
Proposal 6. For the change from DAPS PDCP to the normal PDCP upon the source release, the reordering function is still maintained. 
