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1	Introduction
It has been agreed in RAN2 that split bearer can also be used with RLC UM mode. The current LTE specification only describes the case of split bearer mapped to RLC AM. This contribution proposes some basic principles for the handling of split bearer mapped on RLC UM.
We think that AM and UM re-ordering should not be treated in a similar way: a pushed window should be used for AM and a pulled window should be used for UM.
2	UM handling for split bearers
Split bearer option for DRB is described in 36.323 [1], and gives a full normative description of the UE behaviour in the case of Split Bearer mapped on RLC AM. 
2.1	General description
A proposal on handling of UM bearer was submitted already in [2] with some stage 3 description: the basic principles are inspired by RLC UM procedures in LTE specification [3].
The handling of Split bearer for AM in LTE’s PDCP is based on the MCG/SCG bearer handling, with the addition of re-ordering timer for pushed based window, inspired by RLC AM [3]. For UM, the same principle can apply: the handling of split bearer for UM is based on the SCG/MCG LTE bearer for UM with the addition of re-ordering timer based on pulled window as in RLC UM.
It is to be noted that in NR, there is no re-ordering any more in RLC sub layer for UM. The re-ordering is performed in PDCP sub layer. It would be consistent to use the same re-ordering in PDCP as was used in RLC for UM bearer. 
Proposal 1: The handling of reception of PDU for UM split bearer is based on pulled window.
Proposal 2: A reordering timer is introduced to maintain in-order delivery.
In this contribution, we use variables based on COUNT to follow the agreement in RAN2. We tried to align the names with the ones used in [4]
The new variable introduced, compared to AM mode (see [1]) are:
· VRUR: indicates the value of the PDCP COUNT of the earliest PDCP Data PDU that is still considered for reordering
The following state variable, constants and timers are re-used (see [1] )
	-	SN and COUNT: the SN and COUNT value of the received PDU.
-	Reordering_Window (=(Maximum_PDCP_SN + 1)/2)
-	t-Reordering
-	Next_PDCP, which can be divided into
-	Next_PDCP_SN
-	Next PDCP_HFN
-	Reordering_PDCP 
The next sections give a brief overview of DL handling, and an example of stage 3 is proposed in annex.
2.2	Basic Principles for DL reception
2.2.1	Variables and window handling.
The reception window is determined by Next_PDCP for the higher boundary and Next_PDCP − Reordering_Window for the lower boundary. Note that there is no stored PDCP with COUNT = Next_PDCP, as in AM mode case.
When a PDU is received outside the reception window, it is considered as new. This is described further below.
When a PDU with SN < VRUR (and within the reception window), it is considered as received too late and it is discarded.
When a PDU is received in the Reception window, but with COUNT >= VRUR, it is stored, and further action may take place.


Figure 1: Description of the receiving variables (linear description)
2.2.2	COUNT allocation
When a PDU is received, the receiver only knows the SN, and a COUNT has to be allocated based on the received SN and Next_PDCP. This section shows how this can be performed.
The basic principle is that the PDU that are received outside the window are considered as new, and will receive a COUNT which is higher than Next_PDCP.
The allocation depends on the value of Next_PDCP_SN:
-	If Next_PDCP_SN < Reordering_Window, the allocation is done according to the figure below:


Figure 2: Allocation of COUNT for received PDU
-	If Next_PDCP_SN >= Reordering_Window, the allocation is done according to the figure below:


Figure 3: Allocation of COUNT for received PDU
2.2.3	Reception of a PDU outside the Reception window
Whenever a PDU is received outside the reception window, it is considered as a new PDU, the window is moved and the PDU that fall out of the window are delivered to upper layers. Next_PDCP takes the value COUNT+1.


Figure 3: A PDU is received outside the receiving window
2.2.4	VRUR falls outside of the Reception window
When VRUR falls outside of the reordering window, resulting from a move of the reception window (cf. above), it is moved to Next_SN - Reordering_Window which is the lower boundary of the reception window 



Figure 4: VRUR falls outside the reordering window
2.2.5	Missing PDU
The missing PDUs are handled via a re-ordering timer: when the received PDU is creating a hole (a PDU is missing) the re-ordering timer is launched. The variable Reordering_PDCP takes the updated value of Next_PDCP, i.e. the received PDU COUNT +1.


Figure 5: Missing PDU
2.2.6	Expiry of reordering Timer 
When the reordering timer expires, the PDU with SN between VRUR and Reordering_SN are delivered to higher layers, as well as the consecutive ones after Reordering_SN. VRUR is set to the SN following the SN of the last PDU delivered to higher layers.
If there are still missing PDUs, the timer is relaunched with Reordering_SN = Next SN.


Figure 6: expiry of re-ordering timer

2.2.7	Way forward
We suggest that the above principles are taken into account and that RAN2 considers the attached text proposal in Annex for the split bearer handling mapped to RLC UM.
 Proposal 3: Adopt the proposed principles for split bearer mapped on RLC UM
3	Conclusion 
This contribution has proposed a way to handle UM bearers and the following proposal are made:
Proposal 1: The handling of reception of PDU for UM split bearer is based on pulled window.
Proposal 2: A reordering timer is introduced to maintain in-order delivery.
Proposal 3: Adopt the proposed principles for split bearer mapped on RLC UM
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Annex 1: stage 3 proposal using COUNT
In this annex, we propose a description of handling of received PDU, based on COUNT. We tried to re-use the model proposed in R2-1702744 [5]
Note that the de-ciphering and integrity protection check has been moved to the beginning.

X.1	Procedures when a PDCP PDU is received from the lower layers (allocation of COUNT)
[ Note: It depends on the position of Next_PDCP in the window and the position of SN relative to Next_PDCP_SN]
Upon reception of a PDCP Data PDU with PDCP Sequence Number SN from lower layers, the UE shall:
-	if Next_PDCP_SN < Reordering_Window
-	if SN< Next_PDCP_SN+ Reordering_Window 
	-	set COUNT to (SN, Next_PDCP_HFN);
-	else
	-	set COUNT to (SN, Next_PDCP_HFN − 1);
-	else ( if Next_PDCP_SN >= Reordering_Window):
-	if SN>= Next_PDCP_SN
	-	set COUNT to (SN, Next_PDCP_HFN);
-	else
	-	set COUNT to (SN, Next_PDCP_HFN + 1);
NOTE: Next_PDCP_HFN is the "HFN" part of Next_PDCP.

[bookmark: _Toc461977506]X.2	Procedures for processing a received PDCP PDU with COUNT
For DRBs mapped on RLC UM, at reception of a PDCP Data PDU from lower layers, the UE shall:
-	use COUNT for deciphering the PDCP PDU;
-	use COUNT for checking integrity protection of the PDCP PDU (if configured);
-	if integrity protection fails, discard the PDU 
-	if COUNT > Next_PDCP
-	set Next_PDCP to the received COUNT + 1;	Comment by Author: Pull the reordering window
-	deliver to upper layers in ascending order of the associated COUNT value: 
-	all stored PDCP SDU(s) with an associated COUNT value less than the COUNT value 
 Next_PDCP − Reordering_Window;	Comment by Author: Deliver the PDU that fall outside the reordering window
-	if VRUR < Next_PDCP− Reordering_Window 	Comment by Author: If the VRUR falls outside the reordering window
-	set VRUR to Next_PDCP  − Reordering_Window;
-	else if COUNT < VRUR:	Comment by Author: If the PDU COUNT has been passed by VRUR	Comment by Author: The PDU is inside the reception window
-	perform header decompression (if configured);
-	discard this PDCP SDU;
-	if the PDCP PDU has not been discarded in the above:	Comment by Author: Same steps as in 5.1.2.1.2
-	perform header decompression (if configured) for the PDCP PDU 
-	if a PDCP SDU with the same PDCP SN is stored:
-	discard this PDCP SDU;
-	else:
-	store the PDCP SDU;
-	if a PDCP SDU with COUNT = VRUR is stored:
-	deliver to upper layers in ascending order of the associated COUNT value:
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value VRUR;
-	set VRUR to the COUNT value following the COUNT value of the last PDCP SDU delivered to upper layers.
X.4	Maintaining t-Reordering
X.4.0	In order delivery
-	if reorderingTimer is running:
-	if the PDCP SDU with Reordering_PDCP – 1 has been delivered to upper layers:
-	stop and reset reorderingTimer;
-	if reorderingTimer is not running (includes the case when reorderingTimer is stopped due to actions above):
-	if there is at least one stored PDCP SDU:
-	start reorderingTimer;
-	set Reordering_PDCP to Next_PDCP.
[bookmark: _Toc461977507]X.4.1	Procedures when t-Reordering expires
When reorderingTimer expires, the UE shall:
-	deliver to upper layers in ascending order of the associated COUNT value: 
-	all stored PDCP SDU(s) with an associated COUNT value less than Reordering_PDCP;
-	all possibly stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from Reordering_PDCP;
-	set VRUR to the COUNT value following the COUNT value associated with the last PDCP SDU delivered to upper layers.
-	 if there is at least one stored PDCP SDU:
-	start reorderingTimer;
-	set Reordering_PDCP to Next_PDCP.
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