
3GPP TSG-RAN WG2 Meeting #105
R2-1901040
Athens, Greece, 25th February - 1st March 2019

Agenda Item:
11.7.4
Source: 
ASUSTeK

Title:  
Enhancements for increasing PDCP duplication efficiency
Document for:
Discussion and Decision
1. Introduction

In [104#40][NR/IIOT] PDCP Duplication email discussion [1], some improvement aspects for efficient duplication are discussed. For example, selective duplication, selective discard, and enhancement of duplication activation/deactivation. Based on these discussions, we try to present more concise details for enhancements of PDCP duplication efficiency in this contribution.
2. Discussion

2.1 Introduction of PDCP duplication mechanism in release 15
In release 15, PDCP duplication mechanism is introduced for increasing transmission reliability. PDCP duplication is configured per radio bearer (e.g. SRB and/or DRB) on PDCP entity. The duplication for SRB is always being activated when configured, and the duplication for DRB could be activated/deactivated by further Duplication Activation/Deactivation MAC CE. One radio bearer is mapped to one PDCP entity. In PDCP entity, the RRC parameter pdcp-Duplication indicates whether duplication is configured and/or activated for the PDCP entity. The presence of this field indicates duplication should be configured. And the value of this field, when the field is present, indicates the initial state of the duplication. If set to TRUE, duplication is activated. In addition, if duplication for the PDCP is activated, the (PDCP of the) UE duplicates a data (e.g. PDCP Data PDU) and submit the data to two RLC entities. For example, one of the data may be submitted to primary RLC entity, and the other data may be submitted to secondary RLC entity. Then both of the data should be transmitted through different logical channels. In order to increase the gain of spatial diversity, both of the data are transmitted via different cells. That is, when a new transmission is performed, the logical channel prioritization (LCP) procedure is applied, and RRC may control the LCP procedure by configuring mapping restrictions for each logical channel. For instance, the RRC parameter allowedServingCells is used to map the logical channels for packet duplication to different cells, e.g. the logical channel from primary RLC entity is mapped to cell 1, and the logical channel from secondary RLC entity is not allowed to be mapped to cell 1. 
On the other hand, in order to avoid transmitting redundant data, if one of the duplicated data is transmitted successfully, the other data would be discarded. For example, in PDCP entity, if the successful delivery of a PDCP Data PDU is confirmed by one of the two associated AM RLC entities, the PDCP indicates to another AM RLC entity to discard the duplicated PDCP Data PDU. Then in RLC entity, when indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU (i.e. PDCP Data PDU), the transmitting side of an AM RLC entity discards the indicated RLC SDU. Furthermore, if the deactivation of PDCP duplication is indicated, the PDCP also indicates to the secondary RLC entity to discard all duplicated PDCP Data PDUs. 
Based on the current design of PDCP duplication mechanism described above, some enhancements are needed to further improve the resource efficiency, e.g. avoiding unnecessary duplicate transmission. 
2.2 Enhancement for selective duplication


In release 15, when PDCP is configured duplication and a radio bearer mapped to the PDCP is activated, each packet from the radio bearer would “always” be duplicated. In some situations, even the radio bearer is activated, whether a packet from the radio bearer should be duplicated can be further based on some criterions. 
· The UE determines whether to duplicate the packet based on types/characteristic of the packet (e.g. from a specific QoS flow or with a certain indication)
It is possible that more than one QoS flows map to the same radio bearer, but not each QoS flow is transmitting delay sensitive packet or critical data, such as emergency stop packet. If the packet is a critical data, no matter whether the duplication is activated or not, the UE may need to duplicate the critical data anyway. The way to determine whether duplicating the packet could be based on the packet comes from which QoS flow (e.g. based on QFI), or a packet marked with a specific indication.
· The UE determines whether to duplicate the packet based on channel condition
The current activation/deactivation of PDCP duplication is only controlled by RRC and/or MAC CE. In other words, only the network could control whether the UE should duplicate the packet. However, the UE is aware of the information of channel condition, e.g. cell quality, or measurement results. It is beneficial for the UE to determine whether to duplicate the packet by itself. For example, if the UE knows that one of the legs is associated with a cell, and the channel condition of the cell is not good, the UE can decide not to duplicate the data and only submit the data to a leg which maps to a better cell.
Proposal 1: The UE can determine whether to duplicate a packet (and/or submit the packet to only one of the legs) based on a criterion (e.g. types/characteristic of the packet, channel condition, etc.)
2.3  Enhancement for selective discard

In release 15, two ways of discarding duplicated data to avoid transmitting redundant data are applied. First, if the successful delivery of a PDCP Data PDU is confirmed by one of the two associated AM RLC entities, the PDCP indicates to another AM RLC entity to discard the duplicated PDCP Data PDU. Secondly, if the deactivation of PDCP duplication is indicated, the PDCP indicates to the secondary RLC entity to discard all duplicated PDCP Data PDUs. However, the data transmitted based on PDCP duplication should be a critical data, which not only requires high reliability but also low latency (e.g. URLLC data). Therefore, if the data is failed on the initial (or a few times of) transmission, or failed to transmit for a period of time, the delay requirement may not be met even the following retransmission is performed. 
· The UE discards a packet and/or a duplicated packet immediately after duplicating and submitting the packet(s) to lower layer.
For example, the PDCP could discard one or both of the data and duplicated data after duplicating and submitting the data to RLC. In other words, the one or both of the discarded data is losing the chance for retransmission. Since the delay requirement may not be met for retransmission, this method could reduce wasting the resource for unnecessary retransmission if the duplication of PDCP is mapped to AM RLC entity. On the other hand, the UE can only discard one of the duplicated data, e.g. the duplicated data transmitted by the secondary leg. It means the data transmitted by the primary leg still remains the opportunity for retransmission. Only the duplicated data without retransmission chance for resource saving.
· The UE discards a packet after duplicating the packet for a period of time (e.g. timer based control)
To give more flexibility, a packet and/or the duplicated packet could be discarded before receiving a confirmation of successful transmission based on timer control. A packet could be associated with a timer.  For instance, if the leg(s) for the packet meets some transmission problem (e.g. chancel quality is not good), the packet may be delayed for transmission. In other words, the packet is not needed to be transmitted since the delay requirement is not met. So the packet should be discarded.
In our view, we think the timer based method is a little bit complicated, and the current discard timer on PDCP may have the same effect.
Proposal 2: The UE can discard a packet and/or a duplicated packet immediately after duplicating and submitting the packet(s) to lower layer.
2.4 Enhancement for activation/deactivation of PDCP duplication

In release 15, activation/deactivation of PDCP duplication is only controlled by the network. For more dynamic control of activation/deactivation of PDCP duplication, it is beneficial for the UE to autonomously activate or deactivate PDCP duplication.
· The UE can autonomously activate or deactivate PDCP duplication

As mentioned in method 2 of section 2.1, the UE is aware of the information of channel condition, e.g. cell quality, or measurement results. It could be defined a criterion for the UE to determine when to activate or deactivate PDCP duplication. For example, if channel condition is lower than a threshold, e.g. in cell edge, the UE could activate PDCP duplication to increase the transmission reliability. If channel condition is higher than the threshold, it’s very likely to fulfil the requirement without duplication, so the UE could deactivate PDCP duplication to save UL resource.
Proposal 3: The UE can autonomously activate or deactivate PDCP duplication based on a criterion (e.g. channel quality, measurement results, etc.)
3.
Conclusion

For PDCP duplication enhancements, we have the following proposals.
Proposal 1: The UE can determine whether to duplicate a packet (and/or submit the packet to only one of the legs) based on a criterion (e.g. types/characteristic of the packet, channel condition, etc.)

Proposal 2: The UE can discard a packet and/or a duplicated packet immediately after duplicating and submitting the packet(s) to lower layer.
Proposal 3: The UE can autonomously activate or deactivate PDCP duplication based on a criterion (e.g. channel quality, measurement results, etc.)
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