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1 Introduction
For D2D communication, UP protocol stack consists of PDCP/RLC/MAC and PHY are shown in the below:
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So far, the L2 entity details are captured in [1] as follows:

-
MAC sub header contains LCIDs (to differentiate multiple logical channels).

-
The MAC header comprises a Source Layer-2 ID and a Destination Layer-2 ID.
-
A receiving UE needs to maintain at least one RLC UM entity per transmitting peer UE. 

-
An RLC UM receiver entity does not need to be configured prior to reception of the first RLC UM data unit.
In this contribution, we further discuss how to initialize RLC/PDCP state variables at receiving RLC/PDCP entity establishment.
2 Initialization of RLC state variables
The current UM RLC reordering mechanism provides two functionalities, i.e. reordering and duplicate discard. The received PDU is either reordered or discarded depending on the comparison result of received RLC SN and state variables, as explained in Figure 1.
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Figure1. UM RLC reordering window operation

If a RLC PDU with SN=X is received, the UM RLC compares the X with state variables.
-
If the X is within region 1, i.e. VR(UH) – UM_WIN <= X < VR(UR), the UE considers it as old packet, and discards it.

-
If the X is within region 2, i.e. VR(UR) <= X < VR(UH), the UE reorders it if it is not duplicate. Otherwise, the UE discards it.

-
If the X is within region 3, i.e. VR(UH) <= X, the UE considers it as new packet, and stores it in the reordering buffer. The UE advances reordering window by setting VR(UH) to X + 1.
As per current specification, the initial values of the state variables VR(UH) and VR(UR) are zero, and the size of UM window UM_WIN = 16 for 5 bit SN and 512 for 10 bit SN. Then, when a UM RLC entity is established, the UM RLC entity will discard the received packet if it has the RLC SN between 16 to 31 (for 5bit SN) or 512 to 1023 (for 10bit SN). The UM RLC entity will keep discarding the packet until the received packet has the RLC SN between 0 to 15 (for 5bit SN) or 0 to 511 (for 10bit SN).
Considering that the UE can join the D2D group at any time during communication, the first received PDU can have any value of SN, and it is required to avoid packet discarding at RLC entity establishment. Three options can be considered for this purpose.
-
Option1. Set UM_WIN to 0
-
Option2. Set VR(UH) and VR(UR) to the first received SN

-
Option3. Set VR(UH) to the first received SN and set VR(UR) to the first received SN – offset
Option1 means that the reordering function is disabled. Therefore, the UM RLC entity considers every received PDU as a new one and delivers it to the PDCP entity. However, it should be noted that this option can work only if the L1 provides in-order delivery. Otherwise, there will be errors in deciphering and header decompression in the PDCP entity.

With Option2, the UM RLC entity starts with the first received PDU. That is, the reordering window is initialized so that the first received PDU lies in the upper edge of the reordering window. Since the reordering functionality is maintained the UM RLC entity, the L1 does not have to provide in-order delivery. Thus, the Option2 is more future proof than the Option1.
Option3 is a slight enhancement of Option2. In Option2, if the second and following PDUs have SNs lower than the SN of the first PDU, they are all discarded as the SNs of them are lower than VR(UR) (i.e. the region 1 in Figure 1). This option is useful when the first PDU is received out-of-order. However, the defect is that the delivery of the first PDU is delayed until reordering timer expiry even if it is received in-sequence.
Comparing three options, we think Option1 is not preferred as it does not support reordering. Though we don’t know at this moment whether the L1 provides in-order delivery, support of reordering is more future proof. Thus, we want to exclude Option1 for the D2D receiver.
Between Option2 and Option3, we think Option2 is enough. The gain of Option3 over Option2 is that some initial PDUs are not discarded in case the first PDU is received out-of-order. However, we think the probability of the first received PDU being out-of-order is much less than that of the first received PDU being in-sequence, in which case the gain is not justified over the cost.
Proposal1: The UM RLC entity in D2D receiver sets VR(UH) and VR(UR) to the first received SN.

3 Initialization of PDCP state variables
In PDCP mapped on UM RLC, two state variables need to be considered, i.e. RX_HFN and Next_PDCP_RX_SN. As per current specification, they are all initialized to 0 at PDCP entity establishment. 

The RX_HFN is maintained in the receiver internally, and it should be synchronized to the TX_HFN. The RX_HFN is updated (i.e. incremented) depending on the comparison result between received PDCP SN and Next_PDCP_RX_SN, as shown below.
	5.1.2.1.3
Procedures for DRBs mapped on RLC UM

For DRBs mapped on RLC UM, at reception of a PDCP Data PDU from lower layers, the UE shall:

-
if received PDCP SN < Next_PDCP_RX_SN:

-
increment RX_HFN by one;

-
decipher the PDCP Data PDU using COUNT based on RX_HFN and the received PDCP SN as specified in the subclause 5.6;
-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
if Next_PDCP_RX_SN > Maximum_PDCP_SN:

-
set Next_PDCP_RX_SN to 0;

-
increment RX_HFN by one;

-
perform header decompression (if configured) of the deciphered PDCP Data PDU as specified in the subclause 5.5.5;

-
deliver the resulting PDCP SDU to upper layer.


Therefore, if deciphering is performed in PDCP layer for D2D communication, the state variables RX_HFN and Next_PDCP_RX_SN should be initialized to defined values or initialized based on a defined rule in order to maintain the synchronization of HFN values between the transmitter and the receiver.
As explained before, the RX_HFN is maintained in the receiver internally. Thus, the receiver does not know the correct RX_HFN value when the receiving PDCP entity is established. Two options can be considered for synchronization of HFN values.
-
Option1. The transmitter transmits the current HFN value to the receiver via e.g. a PDCP Control PDU

-
Option2. The 32bit COUNT value is attached to every PDCP Data PDU
-
Option3. Fix the HFN values to a predefined value
In Option1, the transmitter should transmit the HFN value periodically because the UE can join the D2D group at any time during communication. Even with periodical transmission, the UE cannot decipher the received PDCP PDUs until the UE receives HFN value information from the transmitter.
Option2 is more robust solution than Option1 by adding whole COUNT value to each PDCP Data PDU. However, it increases much overhead considering that VoIP packet is usually transmitted in D2D communication.
In Option3, both the transmitter and the receiver fix the HFN value to the predefined value e.g. 0, and use this HFN value for all the PDCP Data PDUs transmitted and received. This option provides robustness with less overhead. 
Among three options, we think Option3 is better because it is robust and has less overhead.
Proposal2: If ciphering is applied in PDCP, the HFN values are fixed to zero in the D2D transmitter and the D2D receiver. 
With Proposal2, however, the legacy procedure should be modified not to increase TX_HFN and RX_HFN values. It can be achieved by e.g. re-establish the PDCP entity when the SN wrap-around occurs. Another method is not to use Next_PDCP_RX_SN at all, because it is only used to update the HFN value in the receiver. Similarly, the Next_PDCP_TX_SN is not needed in the transmitter. 
Therefore, in addition to the Proposal2, we further propose that Next_PDCP_RX_SN and Next_PDCP_TX_SN are not used in the PDCP entity. This proposal also holds for the case when the ciphering is not applied.
Proposal3: The D2D transmitter and the D2D receiver do not use Next_PDCP_TX_SN and Next_PDCP_RX_SN, respectively.

4 Conclusion
This document discusses possible methods to initialize RLC and PDCP state variables, and following proposals are made:
Proposal1: The UM RLC entity in D2D receiver sets VR(UH) and VR(UR) to the first received SN.

Proposal2: If ciphering is applied in PDCP, the HFN values are fixed to zero in the D2D transmitter and the D2D receiver. 
Proposal3: The D2D transmitter and the D2D receiver do not use Next_PDCP_TX_SN and Next_PDCP_RX_SN, respectively.
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