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Introduction

In the current specification, PDCP SN list of UL SDUs in the SN STATUS TRANSFER message is FFS in stage 2 and stage 3. Moreover, stage 2 and stage 3 specification are not aligned. Stage 2 describes a PDCP SN list of missing SDUs, whereas stage 3 has specified a PDCP SN list of UL SDUs received out of sequence.

We will show that the current definition of the stage 3 SN list and the UL PDCP-SN Next In-Sequence Expected IE does not work, since the next in sequence indication is an upper window marker and the PDCP SN list indicates the PDCP SN of UL SDUs received out of sequence. Hence, there is no lower window marker.
We propose sending a bit string and a last in-sequence window marker as UL PDCP status information over X2. This would be the same as the UE PDCP status report message and hence give minimal effort for the target eNB. 

Moreover, there is a stage 2 requirement to maintain Hyper Frame Numbers (HFNs) at handover of RRC_AM bearers. For the purpose to fulfill this requirement we propose to add an UL HFN and a DL HFN into SN STATUS TRANSFER message.

Problems with current stage 3 specification
The current specification contains a SN STATUS TRANSFER message, which the source eNB sends the to the target eNB to convey the uplink PDCP SN receiver status of SAE bearers for which PDCP status preservation applies. The uplink PDCP SN receiver status includes at least the PDCP SN of the next expected in-sequence UL SDU (upper window edge) and may include a list of the PDCP SN of 
Stage 2) the out of sequence missing UL SDUs that the UE needs to retransmit in the target cell.

Stage 3) the UL SDUs received out of sequence that the UE does not need to retransmit in the target cell. 
Example 1:

Now let us consider the example of PDCP SDU receiver status as described in the figure below. SDU 4 and 11 have been sent from UE but they have not been received correctly. SDU 13 and SDUs with higher PDCP SNs have not been sent from the UE. 

As stated above the UL PDCP-SN Next In-Sequence Expected IE is an upper marker of the UL SDU PDCP SN. In case of UL forwarding and the source eNB receiver status as in the example below this means that this IE is set to 13.
The stage 3 list of UL SDUs received out of sequence would in the example contain PDCP SN 5 to 10 and 12. It would not contain PDCP SN 3, since that SDU is not received out of sequence. 
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Figure 1. Example of PDCP SDU receiver status in source eNB.
Example 2:
Let us now consider the similar example of PDCP SDU receiver status as described in the figure below. SDU 3, 4 and 11 have been sent from UE but they have not been received correctly. SDU 13 and SDUs with higher PDCP SNs have not been sent from the UE. 

In this case UL PDCP-SN Next In-Sequence Expected IE is set to 13 as in the previous example. The list of UL SDUs received out of sequence would contain PDCP SN 5 to 10 and 12. 
Hence the information that the target eNB receives in the two examples is identical, and the target eNB has no way to conclude what SDUs are missing.
[image: image2.emf]Correct SDU

Un-received SDU

1

2

3

4

5

6

7

8

14

10

11

12

13


Furthermore, the current stage 3 specification says:
For each bearer for which the UL PDCP-SN Next In-Sequence Expected IE is received in the STATUS TRANSFER message, the target eNodeB shall use it and not deliver any uplink packet which has a PDCP SN lower than the value contained in this IE.
Since the UL PDCP-SN Next In-Sequence Expected IE is an upper window marker this leads to that no packet below the upper window marker will ever be delivered to the GW. Hence, in the example 1, SDU 4 to 12 will never be delivered to the GW if SDU 5 to 10 and SDU 12 are forwarded to target eNB and even if SDU 4 and 11 is retransmitted in the target cell, since no UL packet with lower number than 13 should be delivered.
Solution alternatives
The following solution alternatives could be possible:
a) Use the stage 2 description with upper window marker and a list of missing SDUs.

b) Change the upper window marker into a lower window marker and use a list of SDUs received out of sequence as described in stage 3.

c) Adopt the same UL PDCP status information over X2 as in the UE PDCP status report message, i.e. a last in-sequence window marker and a bit string that indicates the PDCP received status of out of sequence SDUs.
The main drawback with solution a) is that the target eNB needs to process the information to for example build the UE PDCP status report message. 
The main drawback of solution b) is that the list of SDUs received out of sequence will be long, since the rate of missing SDUs will be very low, see [1]. Hence, when SDUs are missing it will usually be much more SDUs correctly received than missing, and it would be more efficient to indicate the missing SDUs. Another drawback is that the target eNB needs to process the information to build the UE PDCP status report message.
The main drawback of solution c) is that the source eNB probably needs to perform more processing to create the information.
Of these alternatives we think that c) has most advantages and is most attractive, since it provides the information in a good and minimal format to the target eNB.
Hyper Frame Number
For ciphering and integrity protection a COUNT value is maintained [2]. The COUNT value is composed of a Hyper Frame Number (HFN) and the PDCP Sequence Number. The COUNT value is 32 bits long and since PDCP SN is 12 bits, HFN would be 20 bits. For security synchronisation, HFN needs to be maintained during handover.
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HFN is also an overflow counter mechanism. It is used in the eNB and UE in order to limit the actual number of sequence number bits that is needed to be sent over the radio, but the HFN needs to be synchronized between the UE and eNB.
According to 36.300 the handling of HFN and PDCP SN at handover depends on the type of radio bearer:

-
SRB: HFN and PDCP SN are reset.

-
RLC-UM bearers: HFN and PDCP SN are reset.

-
RLC-AM bearers: PDCP SN and HFN are maintained.

Hence, for each bearer that the source eNB is required to maintain PDCP SN to, it needs to provide not only PDCP SN status to the target eNB but also one reference HFN for the UL and one for the DL, i.e. a HFN marker to corresponding PDCP SN marker, see [3].
Conclusion and Proposal
 In conclusion the current stage 3 specified UL PDCP SN handling does not work.
We propose to agree on the proposal of sending a bit string with receiver status and a last in-sequence window marker as UL PDCP status information over X2.
Moreover, we propose to add to SN STATUS TRANSFER message one DL HFN associated to the DL PDCP SN marker and one UL HFN associated to the UL PDCP SN marker.
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