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1.
Introduction
One of the Architecture selected by RAN2 is 3C where a radio bearer is split into two RLC/MAC entities, one for MeNB and the other for SeNB. Consequently, the UE has to perform reordering in PDCP because downlink PDCP PDU is received from two RLC entities.
This document discusses how the PDCP reordering function is incorporated into the current specification.
2.
Applicability of PDCP reordering function

The legacy in-order delivery and duplicate detection function is only applicable for AM bearer. Then, it should be decided first whether the PDCP reordering function is applicable for only AM bearer or both for AM and UM bearers. 

It is generally assumed that the dual connectivity is useful for the best-effort type bearers which are typically transmitted via SeNB on RLC-AM. However, there is no reason not to transmit UM bearers via SeNB as long as the overall delay is within the delay requirement. Therefore, we think the PDCP reordering function should be applicable for both AM and UM bearers.
Proposal 1. PDCP reordering function is applicable for both AM and UM bearers.

3.
Location of PDCP reordering function
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Figure 1. Model of receiving PDCP entity

The receiving PDCP entity for user plane data can be modeled as Figure 1. In this figure, five potential candidate places for PDCP reordering function are also shown.
Among five options for location of PDCP reordering, we have following observations.

· 
Options 4 and 5 are not a proper place because Header Decompression cannot be successful if not yet received packet is the Context Update packet (e.g. IR packet).
· 
Options 1 and 2 are practically same because PDCP Control PDUs are not affected by PDCP reordering. The ‘Remove PDCP Header’ block can also be used for PDCP PDU reordering.
· 
Option 3 is feasible. PDCP reordering is performed for deciphered PDCP PDU based on the PDCP SN or COUNT value.

From the above observations, we can narrow-down the options to 1, 2, and 3.
Among three options, it is difficult to say one is better than others. From the functional point of view, they are all feasible, and incur similar level of implication. Then, we have to take another measure to select the one of them.
Looking through the PDCP specification, one can see that DL procedure for AM DRBs is extremely complex. This is because modular operation is not used, i.e. all the state variables are compared with absolute value. Due to the absolute value comparison, there are many ‘if’ conditions to identify the received PDCP SN whether it is below/within/above Reordering Window and whether it causes HFN increment. In each ‘if’ clause, deciphering and/or header decompression is specified, sometimes with mixed procedure.

The problem with option 3 is that the PDCP reordering function should be added in-between deciphering and header decompression, which is very complex with current specification structure. Therefore, as long as the performance is similar to other options, we prefer not to consider option 3 for location of PDCP reordering.

Then, only two options are left, i.e. option 1 and option 2. As already explained above, they are practically same. However, we prefer option 1 as it can be seen as no impact to legacy protocols. The legacy receiving PDCP entity expects to receive PDCP PDUs from the RLC entity in the increasing order of PDCP SN, and the PDCP reordering function in the beginning of receiving PDCP entity can do this job even if the PDCP entity receives PDCP PDUs from the two RLC entities. The Figure 2 shows an example of receiving PDCP entity model for split bearer.
Proposal 2. PDCP reordering function is located as a first function block in the receiving PDCP entity.
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Figure 2. Model of receiving PDCP entity for split bearer
4
Realization of PDCP reordering function

To realize the PDCP reordering function, state variables and timers should be introduced. In current PDCP specification, some state variables are already defined to support ‘in-order delivery and duplicate detection’ function. 

The PDCP reordering function can utilize already defined state variables. However, we are not in favor of impacting legacy protocol behaviors, so we want to introduce new state variables specific to the PDCP reordering function. The timer anyway needs to be introduced for PDCP reordering as the only timer used in legacy protocol is discardTimer.
Proposal 3. Introduce new state variables and timers to support PDCP reordering function.

Finally, we propose that the PDCP reordering function is configurable per radio bearer. Since the split bearer is a kind of configuration from the bearer served by the MeNB, this function should also be configurable depending on whether the radio bearer is served by both MeNB and SeNB, or only by MeNB.
Proposal 4. PDCP reordering function is configurable per radio bearer.
5.
Conclusion

This paper triggers preliminary discussion on PDCP reordering function for Architecture 3C. We propose to agree on basic aspects as follows.

Proposal 1. PDCP reordering function is applicable for both AM and UM bearers.
Proposal 2. PDCP reordering function is located as a first function block in the receiving PDCP entity.
Proposal 3. Introduce new state variables and timers to support PDCP reordering function.

Proposal 4. PDCP reordering function is configurable per radio bearer.
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