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Introduction
During the email discussion which followed RAN2#104, it was concluded that selective duplication needed further explanations and clarifications to assess whether it is a feature which can be useful. This contribution sheds some light into this topic and proposes a simple solution to perform selective duplication. 
[bookmark: _Ref178064866]2	Discussion
Many of URLLC application and services may have strict reliability and latency requirements. PDCP duplication (as known in Release 15) may then be a feature which may assist in some cases meet those requirements. The release 15 feature, PDCP duplication, always delivers two copies of a PDCP PDU to two different RLC entities. However, there is no possibility for the PDCP entity to decide to transmit a first PDCP PDU and send a second PDCP PDU at a later stage if this is considered needed. 
Duplicating data is expensive from a resource point of view and more efficient solutions are preferred for those URLLC applications and services with more relaxed latency requirements. In this case, selective duplication may be a suitable tool to meet the requirements while ensuring an efficient network utilization of the resources.
Selective duplication is based on duplicating a PDCP PDU on need basis. Thus, there will be a one transmission on a first RLC entity and, under certain circumstances, there will be a another transmission on a second RLC entity of the same previously transmitted PDCP PDU.
This document discusses two different ways to achieve selective duplication and proposes a way forward.
[bookmark: _Ref531347744]2.1	Selective duplication based on a PDCP timer 
Given that the PDCP is the entity which duplicates the data, it should be this layer the one taking the decision to transmit a duplicate in a second leg. The challenge is to identify the trigger or triggers which will initiate the duplication procedure.
One of the simplest solutions is to introduce a timer which triggers a duplicate before the packet delay budget is consumed. When the timer expires, the PDCP entity makes available a duplicate packet to a second leg, as shown in the figure below.



A duplicated packet is not needed, though, if the PDCP PDU is successfully delivered by the first leg. This could be achieved by using the current indications that RLC sends to PDCP when a PDCP PDUs has been successfully delivered. When a successful indication has been received, the timer can be stopped, and no duplicate is triggered. This is shown in the figure below.




2.2.	Selective duplication based on RLC NACK reporting
Another option which could be possible is to use the RLC NACKs. NACK-based duplication operates such that a PDCP PDU is only duplicated and transmitted in a second leg after the first leg indicated to PDCP that the RLC PDU was negatively acknowledged by the receiver RLC entity.
RLC ACKs and RLC NACKs are carried on RLC Status Reports. RLC status reports are triggered by the following two criteria:
1) RLC receiver entity receives an RLC PDU with the Poll bit set, or 
2) T-reassembly expires. 
There are other two variables which play an important role in the status report operation: t-pollRetransmit timer and t-statusProhibit. 
The RLC transmitter may be configured so that each RLC PDU contains a poll bit set. On one hand, frequent reporting decreases the latency, but on the other hand, frequent reporting increases the uplink load and the number of unnecessary retransmissions. Retransmissions take priority over new data and this may result in the opposite effect which frequent polling could bring. The timer t-statusProhibit may be used to avoid excessive reporting. 
The question to answer is if a selective duplication based on NACK reporting is robust enough. Two possible situations can be foreseen:
· RLC PDU contains a poll bit set is lost (no more data in the buffer)
· An RLC PDU not containing a poll bit set is lost.
An evaluation is shown in the annex. The conclusion from this evaluation is that NACK-based duplication has some flaws which leads to that a NACK-based duplication method would not be suitable unless it is further enhanced.   
2.3	Comparison of PDCP-timer based duplication and NACK based duplication
The main drawback of the NACK based duplication method is the dependency of the polling and status report functions with the PDCP duplication function. A status report is not triggered under certain circumstances which results in that the RLC does not receive an ACK/NACK and, therefore, no information can be forwarded to the PDCP. In cases in which the status report is received too late, the triggering of the duplicate may happen when the packet is no longer needed by the receiver side. A NACK-based solution is only useful when the status report is received well before the packet delay budget is consumed, but the status report may not always arrive in good time. Ultimately, this results in that a PDU is not delivered according to the committed delay.
A PDCP-timer based duplication has the advantage of decoupling the triggering of a duplicate with any other functions. This simplifies its operation and usage as it is only controlled by a unique parameter. The drawback of a PDCP-timer based duplication is that, when an RLC ACK is received late, a duplicate may have been already triggered. While this is a potential waste of resources, the main objective is to secure meeting the committed requirements. Thus, wasting resources in this limited case may be considered a minor inconvenience.
It could be claimed that a PDCP-timer based solution implies to have a timer per each PDCP PDU. While this is true, a timer per PDU in PDCP would also be required in the NACK based duplication. We do not think, however, that this is a major issue because only a small number of RBs (or traffic) may require such requirements and the bit rate for such IIoT devices/traffic is expected to be relatively low. Thus the impact of such a timer may be minimal. Nevertheless, other options which could simplify the solution are possible and this could be left to the work item phase.

[bookmark: _Toc793773]A new timer to evaluate if a PDCP PDU is duplicated should be introduced in PDCP.
[bookmark: _Toc793774]Indication by lower layers of a successful reception can be used to stop the timer.
[bookmark: _Toc793775]Upon expiration of the timer, the PDCP transmits a duplicated packet.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For NACK-based duplication, duplication is not triggered when the poll bit is set in the last transmitted PDU (no more data in the buffer), and this PDU is lost.
Observation 2	NACK-based duplication does not work when the poll bit is set in the last transmitted PDU (no more data in the buffer), and this PDU is lost.
Observation 3	For NACK-based duplication, duplication is not triggered if NACK reception exceeds the packet delay budget.


Based on the discussion in the previous sections we propose the following:
Proposal 1	A new timer to evaluate if a PDCP PDU is duplicated should be introduced in PDCP.
Proposal 2	Indication by lower layers of a successful reception can be used to stop the timer.
Proposal 3	Upon expiration of the timer, the PDCP transmits a duplicated packet.
 
[bookmark: _In-sequence_SDU_delivery]
6	Annex	
RLC PDU containing a poll bit set is lost.
This case is depicted in  Figure Below. 



Figure 1

When the PDU in which the poll bit is set is lost, the receiver RLC entity does not trigger a Status Report. The transmitter side, upon expiration of the t-pollRetransmit timer, will retransmit the PDU if no more data is available for transmission in the buffer (see Figure 1). In this case, PDCP duplication will not be trigger since no Status Report is transmitter by the receiver side, as shown Figure 1, and when it is transmitted, duplication is not longer needed.


Figure 2

When more data is available in the buffer and the t-pollRetransmit expires, the poll bit is set and added in one of the next transmissions (see Figure 2). However, the lost RLC PDU is not re-transmitted yet, which will add an additional delay (to simplify, it is assumed that: t-pollRetransmit < t-reassembly timer and n < pollPDU). Nevertheless, after the RLC sends the NACK indication to PDCP, PDCP will still have to keep a timer to assess if the NACK has arrived within the time frame to transmit a second packet within the packet delay budget. If a NACK comes too late, as in the figure, no duplicated packet would have been triggered.
For NACK-based duplication, duplication may be triggered too late. 

RLC PDU not containing a poll bit set is lost




Figure 3



Figure 4

In this case the status report is triggered by either a set poll bit by a PDU transmitted later (Figure 3) or the t-reassembly timer (Figure 4). Like in the previous section, duplication may be triggered too late i.e. when the packet delay budget is already consumed.
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