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1. Introduction

In this contribution, we discuss two issues related to sidelink duplication reception, including:

(1) Packet delivery at initial sidelink duplication reception; and

(2) Sidelink duplication de-configuration.
2. Discussion

2.1
Packet delivery at initial sidelink duplication reception
According to the current TS36.323, the receiving UE shall perform the re-ordering procedure (in subclause 5.1.2.1.4.1) for sidelink reception if the receiving UE detects sidelink duplication reception on the duplication logical channel or receives a PDCP SN which is not “0” from the non-duplication logical channel. Otherwise, the receiving UE shall perform a procedure without re-ordering function (in subclause 5.1.2.1.3) for sidelink reception.

	5.1.4
SL Data Reception Procedures

For Sidelink reception, the UE shall follow the procedures in subclause 5.1.2.1.3 with following modifications:

-
the requirements for maintaining Next_PDCP_RX_SN and RX_HFN are not applicable;
-
perform the deciphering (if configured) as specified in subclause 5.6.1 and 5.6.2;

-
perform the header decompression (if configured) if SDU Type is set to 000, i.e. IP SDUs.

For sidelink duplication reception capable UE, if it detects PDCP duplication reception in duplication logical channel, or if it receives a PDCP SN which is not "0" from the non-duplication logical channel, the Sidelink reception of the UE shall follow the procedures in subclause 5.1.2.1.4.1 with following modifications compared to above Sidelink reception procedure:

-
the requirements for maintaining Next_PDCP_RX_SN and RX_HFN are applicable;

-
perform the re-ordering procedure as specified in subclause 5.1.2.1.4.1.


If sidelink duplication transmission is configured for a SLRB in the transmitting UE, the receiving UE in the beginning will receive the very first PDCP PDU with PDCP SN=“0” on the non-duplication logical channel (e.g. T1 in the Figure 1). The receiving UE performs the procedure without re-ordering function and delivers the resulting PDCP SDU of the very first PDCP PDU to upper layer. When the receiving UE receives another PDCP PDU with PDCP SN=“0” on the duplication logical channel (e.g. T2 in the Figure 1), the receiving UE starts performing the re-ordering procedure with the Next_PDCP_RX_SN and RX_HFN being initialized to “0”. In this situation, the UE still delivers the resulting PDCP SDU of this PDCP PDU to the upper layer because this received PDCP SN (=“0”) is equal to the current Next_PDCP_RX_SN (=“0”). As a result, two same PDCP SDUs will be delivered to upper layer at the beginning of sidelink duplication reception.

[image: image1]Figure 1: Illustration of delivering two same PDCP SDUs to upper layer in the receiving UE.

Observation 1: Two duplicate PDCP SDUs may be delivered to upper layer at the beginning of sidelink duplication reception.
To avoid redundant delivery of two same PDCP SDUs to upper layer, one simple way is for the receiving UE to start performing the re-ordering procedure for the very first PDCP PDU with PDCP SN set to “0” received on the non-duplication logical channel. If the receiving UE receives a new PDCP PDU with PDCP SN also set to “0” on the duplication logical channel, the receiving UE will discard the new PDCP PDU in the re-ordering procedure. If the new PDCP PDU is received on the non-duplication logical channel, the receiving UE can make sure the sidelink duplication is not enabled in the transmitting UE, and then performs the procedure without re-ordering function for reception of the new PDCP PDU and the following PDCP PDUs. Therefore, we propose:

Proposal 1:  When the very first PDCP PDU with PDCP SN set to “0” is received on the non-duplication logical channel, the receiving UE performs the re-ordering procedure for reception of the very first PDCP PDU. 

Proposal 2:  If the very first PDCP PDU with PDCP SN set to “0” is followed by a PDCP PDU received on the non-duplication logical channel with PDCP SN set to “0” (i.e. successive receptions of two PDCP SNs which are “0” on the non-duplication logical channel), the receiving UE performs the procedure without re-ordering function for reception of the PDCP PDU and the following PDCP PDUs.
2.2
Sidelink duplication de-configuration
According to the current TS36.323, a transmitting UE shall maintain the Next_PDCP_TX_SN and TX_HFN for sidelink transmission if the transmitting UE is configured with sidelink duplication transmission for a SLRB with packets which have PPPR no lower than a threshold. Otherwise, the transmitting UE shall not maintain the Next_PDCP_TX_SN and TX_HFN for sidelink transmission.

	5.1.3
SL Data Transmission Procedures

For Sidelink transmission, the UE shall follow the procedures in subclause 5.1.1 with following modifications:

-
the requirements for maintaining Next_PDCP_TX_SN and TX_HFN are not applicable;

-
determine a PDCP SN ensuring that a PDCP SN value is not reused with the same key;

-
perform ciphering (if configured) as specified in subclause 5.6.1 and 5.6.2;

-
perform the header compression (if configured) if SDU Type is set to 000, i.e. IP SDUs.

For sidelink duplication transmission  capable UE, when PDCP duplication transmission is configured, for the SLRB with packets which have PPPR no lower than the configured PPPR threshold, the Sidelink transmission of UE shall follow the procedures in subclause 5.1.1 with following modifications compared to above Sidelink transmission procedure:

-
the requirements for maintaining Next_PDCP_TX_SN and TX_HFN are applicable;

-
the PDCP entity duplicates the PDCP PDUs, and delivers the PDCP PDUs to both RLC entities for transmission.


In addition, the PDCP SN shall be set to “0” in the PDCP PDU header for a SLRB if ciphering is not configured and sidelink duplication transmission is disabled for the SLRB.
	5.6.1
SL Ciphering and Deciphering for one-to-many communication
If ciphering is not configured, and sidelink duplication transmission is disabled for the SLRB, PDCP SN shall be set to "0" in the PDCP PDU header.


According to the current TS36.300, the transmitting UE shall perform the sidelink duplication transmission for the data with the configured PPPR value(s) until the sidelink duplication transmission is de-configured for these PPPR value(s). In other words, the network may de-configure or disable the sidelink duplication transmission for a SLRB in the transmitting UE after the sidelink duplication transmission has been configured for the SLRB. The transmitting UE can know the sidelink duplication transmission is de-configured or disabled when the IE threshSL-Reliability [1] is reconfigured to a higher value to disable the sidelink duplication transmission for the certain SLRBs with lower PPPR values. But, currently there is no mechanism specified in the current TS36.323 for a receiving UE to know if the sidelink duplication transmission had been de-configured or disabled for a SLRB in the transmitting UE. 
Observation 2: In the current TS36.323, there is no mechanism for the receiving UE to know if the sidelink duplication transmission has been de-configured or disabled for a SLRB in the transmitting UE.

After the sidelink duplication transmission had been configured, the transmitting UE may have transmitted several PDCP PDUs on an SLRB with PDCP SNs which are set based on the Next_PDCP_TX_SN. The receiving UE performs the re-ordering procedure for reception of the PDCP PDUs from the transmitting UE. When the sidelink duplication transmission is de-configured or disabled for the SLRB, the transmitting UE starts to set each PDCP SN to “0” for the following PDCP PDUs for the SLRB according to the current TS36.323. An example is illustrated in Figure 2. In the Figure 2, the transmitting UE sets the PDCP SN of the following PDCP PDUs to “0” (e.g. PDU#6, PDU#7, … and PDU#N in the Figure 2) after the sidelink duplication transmission has been de-configured or disabled. But, the receiving UE is not aware of de-configuring or disabling the sidelink duplication transmission in the transmitting UE so that the PDCP PDUs with PDCP SN set to “0” (e.g. PDU#6, PDU#7, … and PDU#N in the Figure 2) will be discarded because the receiving UE considers the these PDCP PDUs are out of the re-ordering window of the re-ordering procedure (given the current Next_PDCP_RX_SN is equal to 12). 
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Figure 2: Example of incorrectly discarding received PDCP PDU(s) in the receiving UE after the sidelink duplication transmission is de-configured or disabled in the transmitting UE.

Observation 3: After the sidelink duplication transmission is de-configured or disabled for a SLRB in the transmitting UE, the following PDCP SDUs received on the SLRB would be discarded by the receiving UE. 
We think the concept of Proposal 2 can be also used to solve this issue. For example, the receiving UE could detect the sidelink duplication transmission has been de-configured or disabled for the SLRB in the transmitting UE based on successive receptions of two PDCP PDUs with PDCP SN set to “0” on the non-duplication logical channel of the SLRB. And then the receiving UE performs the procedure without re-ordering function for reception of the following PDCP PDUs, which will not be discarded incorrectly. In this situation, the receiving UE should deliver all the stored PDCP SDUs (e.g. the SDUs with SN=7, 8 in the Figure 3) received on the SLRB to upper layer because the re-ordering procedure becomes not applicable for sidelink reception. 
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Figure 3: Example of the receiving UE behaviour when successive receptions of two PDCP SN set to “0” on the non-duplication logical channel is detected.

Thus, we propose:
Proposal 3:  The receiving UE delivers all the stored PDCP SDUs received on the SLRB to upper layer if the receiving UE detects successive receptions of two PDCP PDUs with PDCP SN set to “0” on the non-duplication logical channel of the SLRB.
3. Conclusion
We observe and propose the following:

Observation 1: Two duplicate PDCP SDUs may be delivered to upper layer at the beginning of sidelink duplication reception.
Observation 2: In the current TS36.323, there is no mechanism for the receiving UE to know if the sidelink duplication transmission has been de-configured or disabled for a SLRB in the transmitting UE.

Observation 3: After the sidelink duplication transmission is de-configured or disabled for a SLRB in the transmitting UE, the following PDCP SDUs received on the SLRB would be discarded by the receiving UE.
Proposal 1:  When the very first PDCP PDU with PDCP SN set to “0” is received on the non-duplication logical channel, the receiving UE performs the re-ordering procedure for reception of the very first PDCP PDU.
Proposal 2:  If the very first PDCP PDU with PDCP SN set to “0” is followed by a PDCP PDU received on the non-duplication logical channel with PDCP SN set to “0” (i.e. successive receptions of two PDCP SNs which are “0” on the non-duplication logical channel), the receiving UE performs the procedure without re-ordering function for reception of the PDCP PDU and the following PDCP PDUs.

Proposal 3:  The receiving UE delivers all the stored PDCP SDUs received on the SLRB to upper layer if the receiving UE detects successive receptions of two PDCP PDUs with PDCP SN set to “0” on the non-duplication logical channel of the SLRB.

In addition, we also provide the corresponding text proposals in the following and a companion CR in R2-1812839 [2].

4. Text Proposal

5.1.4
SL Data Reception Procedures

For Sidelink reception, or for sidelink duplication reception capable UE detecting successive receptions of two PDCP SNs which are “0” on the non-duplication logical channel [Proposal 2], the UE shall follow the procedures in subclause 5.1.2.1.3 with following modifications:

-
the requirements for maintaining Next_PDCP_RX_SN and RX_HFN are not applicable;

-
perform the deciphering (if configured) as specified in subclause 5.6.1 and 5.6.2;

-
perform the header decompression (if configured) if SDU Type is set to 000, i.e. IP SDUs.

If the receiving UE, which is performing the re-ordering procedure as specified in subclause 5.1.2.1.4.1 for sidelink duplication reception, detects successive receptions of two PDCP SNs which are “0” on the non-duplication logical channel, the receiving UE delivers all the stored PDCP SDUs received on the SLRB to upper layer. [Proposal 3]
For sidelink duplication reception capable UE, if it detects PDCP duplication reception in duplication logical channel, or if it receives a PDCP SN which is not "0" from the non-duplication logical channel, or if it receives the very first PDCP SN which is "0" from the non-duplication logical channel, [Proposal 1] the Sidelink reception of the UE shall follow the procedures in subclause 5.1.2.1.4.1 with following modifications compared to above Sidelink reception procedure:

-
the requirements for maintaining Next_PDCP_RX_SN and RX_HFN are applicable;

-
perform the re-ordering procedure as specified in subclause 5.1.2.1.4.1.
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