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Introduction

In RAN2 #101 meeting, PC5 packet duplication related agreement was reached as follows [1]:
	Agreement

1. PDCP performs packet duplication detection in Rx UE.


Due to sidelink PDCP layer does not support duplication detection in R14, new mechanism should be introduced to deal with duplicated packet caused by packet duplication function in R15. In this contribution, we will discuss the PDCP duplication detection mechanism and the related PDCP parameters configuration.
Discussion
PDCP duplication detection mechanism 
Sidelink packet duplication is introduced to improve the reliability of sidelink V2X packet delivery, especially for those V2X services that require high reliability. In order to support this new functionality, one PDCP entity will be associated with two different RLC entities. The packets received by different RLC entities will encounter different radio channel quality, and the packets received by PCPC entity may out-of-order. Thus, the design of PDCP duplication detection mechanism can be divided into two categories:

Class 1: PDCP entity only perform duplication detection

Class 2: PDCP entity performs duplication detection and guarantees in-order delivery
For class 1, when receiving a PDCP PDU from lower layer, the receiving PDCP entity shall either discard the received PDCP PDU or deliver it to upper layer. In order to perform duplication detection, the receiving PDCP entity should record the SN corresponding to the packet which has been delivered to upper layer. This method can guarantee the packet is delivered to upper layer in time.

For class 2, when receiving a PDCP PDU from lower layer, the receiving PDCP entity shall either discard the received PDCP PDU or place it into the reception buffer. As packets need to be stored in buffer before delivering to upper layer, this reception mechanism may generate a certain amount of delay. However, it can reduce the processing load of upper layer due to out-of-order delivery.

Proposal 1: PDCP performs in-order delivery in addition to packet duplication detection in Rx UE.
Considering feedback is not supported between transmitting PDCP entity and receiving PDCP entity, push window based reception is not suggested to adopt with the reason that the transmitting PDCP entity cannot guarantee the packet which corresponding SN falls out of the upper boundary of the receive window will not be transmitted. Assumed feedback is introduced, UE complexity and delay will increase consequently. Thus, we suggest adopting pull window based reception mechanism. The detailed reception mechanism is shown as Fig. 1, and related PDCP configuration is shown in Table 1.
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Fig.1 Window only based duplication detection mechanism

If a PDCP PDU with SN=X is received, the PDCP entity compares the X with state variables:
-
If the X is within region 1, i.e. X < RX_Next-Win_size, the UE considers it as new packet.

-
If the X is within region 2, i.e. RX_Next-Win_size<= X < RX_Next, the UE will discard the received PDCP PDU.

-
If the X is within region 3, i.e.RX_Deliv<= X < RX_Next, the UE will discard the received PDCP PDU if the corresponding PDCP PDU with SN=x has been stored in reception buffer. Otherwise, the UE places it into buffer and reorders it.

-
If the X is within region 4, i.e. RX_Next <= X, the UE considers it as new packet, and stores it in the reordering buffer. In addition, The UE advances reordering window by setting RX_Next to X + 1.

In order to detect loss of PDCP PDUs at lower layer and avoid large delay caused by reordering, PDCP layer can introduce a t-reordering timer to set a maximum waiting time. PDCP layer starts this timer when detecting loss of PDCP PDU and waits for the packets which has not been received in order during the running time of this timer. When t-reordering timer expires, the receiving PDCP entity shall update RX_Deliv to the SN of the first UMD PDU that has not been received, and deliver all the PDCP SDUs with the corresponding SN<updated RX_Deliv in ascending order of the PDCP SN. If the updated RX_Deliv<RX_Next, restart t-reordering timer and set RX_timer=RX_Next.

This kind of timer and window based reception mechanism is similar with R14 UM RLC reception mechanism. It can guarantee that PDCP entity receives packet as much as possible while a large delay will not be generated. In addition, the generated delay can decrease by configuring suitable t-reordering timer value.
Table 1. window and timer based reception mechanism related PDCP configuration

	RX_Deliv


	This state variable holds the value of the SN of the earliest PDCP PDU that is still considered for reordering. It is initially set to 0.

	RX_Next


	This state variable holds the value of the SN following the SN of the PDCP PDU with the highest SN among received RLC data PDUs. It is initially set to 0.

	Win_size
	This constant is used by the receiving PDCP entity to define SNs of those PDCP PDUs that can be received without causing an advancement of the receiving window

	t-reordering
	This timer is used by the receiving PDCP entity in order to detect loss of PDCP PDUs at lower layer. If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per PDCP entity is running at a given time.


Proposal 2: R14 UM RLC reception mechanism can be reused, i.e., t-reordering timer and pull window based reception mechanism.

 PDCP parameter configuration 
Parameters for PDCP reception are described in Table 2.

	Parameters for PDCP reception

	Win_size

t-reordering timer 

pdcp-SN-Size


Table. 2  Parameters for PDCP reception mechanism
In principle, Win_size and t-Reordering is only meant to be used by the receiving entity, these values do not need to be shared between Tx and Rx entities. However, these parameters can be coordinated between Tx UE and Rx UE in order to deal with different service requirement. For example, the value of t-reordering timer can configure a relative small value for service which require low latency. The pdcp-SN-Size is used by transmitting entity and receiving entity, and need to be shared between Tx and Rx entities in order for the PDCP PDUs to be processed correctly. According to the current specification for cellular, these parameters are configured to UEs via RRC signalling, so the UEs and eNB share common values. However, for V2X communication, Rx PDCP/RLC entity is not established via RRC signalling. Instead Rx PDCP/RLC is established according to the first received RLC PDU. In particular, for the out-of-coverage scenario, V2X UEs can not receive the RRC signalling, so both Tx and Rx PDCP/RLC entities need to coordinate these values before actual data transmission. 

The simplest way to coordinate the values for PDCP parameters configuration is to depend on hard-coded, which can work well for both in coverage and out-of-coverage scenario. However, this way lacks flexibility for different service requirement. But if more than one value for each parameter needs to be supported, alternative solutions may be needed  to further discussion to ensure Tx UE and Rx UE have common understanding. For example, in-coverage Tx V2X UE provides the values for PDCP/RLC configuration to the out-of-coverage Rx V2X UE thought SL-BCH to align the PDCP parameters configuration. 

Proposal 3: Whether the V2X UE is allowed to autonomously select the desired values for PDCP reception related parameters should be discussed.

Proposal 4: If V2X UE is not allowed to select PDCP reception related parameters autonomously, one PDCP parameters configuration should be specified.

3. Conclusion

In this contribution, we discuss the sidelink PDCP reception mechanism which can perform duplication detection and related PDCP parameters configuration. Related proposals are given as following:

Proposal 1: PDCP performs in-order delivery in addition to packet duplication detection in Rx UE.
Proposal 2: R14 UM RLC reception mechanism can be reused, i.e., t-reordering timer and pull window based reception mechanism.

Proposal 3: Whether the V2X UE is allowed to autonomously select the desired values for PDCP reception related parameters should be discussed.

Proposal 4: If V2X UE is not allowed to select PDCP reception related parameters autonomously, one PDCP parameters configuration should be specified.
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