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Introduction
In [1] it was explained that, in order to finalise the selection of a high layer split option for normative work, it should be demonstrated whether Option 2 can be enhanced to enable fast retransmission of RLC PDUs in a centralised way. If this cannot be demonstrated, a formal vote shall take place to select one of Option 2 or Option 3-1.
This paper describes a number of designs that would allow Option 2 to achieve fast RLC PDU retransmission.
Simulation results showing how the solutions presented can perform are shown in [2].
Scenarios considered
Before diving into a discussion about how Option 2 can achieve centralised retransmission, the scenarios within which solutions should perform need to be defined. 
The framework considered for situations where fast centralised retransmissions are needed is one where the UE is served by a DU with a radio link that is subject to blocking. Such scenario is typically encountered with radio links at high frequencies, e.g. 28GHz, 39GHz, etc. 
In such scenario the blocking event may have a short duration, e.g. one or two seconds. It should be noted that if the radio link outage is longer than such period (seconds) it may be a plausible decision to remove the “broken” radio link. 
With radio link outages of short duration, it may be beneficial not to remove the “broken” radio link and instead to switch transmission of UP traffic via other radio links with good radio performance. At the same time, all the UP data that has not been successfully delivered to the UE via the radio link in outage can be centrally retransmitted to the new radio link and retransmitted from there. 
One other aspect of this scenario is the network behaviour at the time where the radio link in outage resumes its normal functioning. Once good radio link quality is resumed, it is expected that UP traffic is centrally forwarded to the DU hosting the previously broken link. Traffic transmission would then resume as it was before the link outage.
Scenario Definition: In the case of a UE connected to a radio link subject to temporary outage, UP traffic that is unsuccessfully delivered to the UE via the link in outage shall be centrally retransmitted via an alternative radio link. For the duration of the outage, UP traffic shall be transmitted via the alternative (well functioning) radio link. When the radio link in outage resumes its correct functioning, UP traffic can be sent to the UE via the recovered radio link, as before the outage.

With respect to the work to be carried out in Release 15, the following configurations map well into the scenario definition above:
1. Dual Connectivity 
1.1. A UE is connected to different DUs of the same CU, while one DU link is subject to failure 
1.2. A UE is connected to different DUs of different CUs, while one DU link is subject to failure 
2. “Classic” mobility
2.1. When CP and UP traffic is moved to a different protocol stack and transmission point:
· Such new transmission point may be served by the same node (intra gNB – inter DU) or by a different node while the UE is served by one radio link at the time

Out of the above, configuration 1.1 appears to be the most comprehensive one. Namely, any solution that enables centralised retransmission of lost UP traffic in configuration 1.1 would enable to address all other configuration options.
For this reason, this paper considers configuration 1.1 above as the reference case.
Centralised Retransmission
Figure 1 shows a representation of configuration 1.1 described in the previous section, where a UE in DC served by two links is affected by an outage on one of its serving radio links.
1.  The serving DU2 monitors the radio link conditions to the UE (e.g. based on measurement reports, CQI feedback, UL measurements (SRS) and HARQ ACK/NACK ratios, RLC status reports). The DU2 may discover that the radio link to the UE is temporarily unusable. DU2 is in charge of the radio link toward the UE and it should be able to identify the outage very quickly. 
Figure 1: Graphical example of centralised retransmission

2. DU2 hosts a copy of RLC SDUs due to the need to perform ARQ retransmissions. Each RLC SDU is derived from a PDCP PDU. DU2 is therefore able to maintain a mapping of the PDCP PDU SN corresponding to each maintained copy of RLC SDUs. 

3. Once DU2 assesses that the radio link is in temporary outage, it sends a message to the CU. Such message notifies the CU that the radio link is in temporary outage and that UP traffic should be sent to the UE via a different radio link. At the same time, the message notifies the CU of the PDCP PDU SNs corresponding to RLC SDUs that have been either partially or totally undelivered.  The latter information indicates to the CU which PDCP PDUs, containing the undelivered RLC PDUs, need to be retransmitted to the UE.
The information of which PDCP PDUs needs to be retransmitted can be achieved in a number of way, for example:
· Based on received RLC Acknowledgement messages
· Based on RLC Status Reports from the UE
· Based on ongoing HARQ processes
· Based on ongoing ARQ processes

4. The CU maintains a copy of PDCP PDUs delivered to DU2. This is possible already in LTE DC and it is due to flow control functions.
Once the CU receives signalling from DU2, CU needs to decide on which other radio link it should forward UP traffic for the UE. It is assumed that the CU knows, e.g. via UE measurement reports, that a second radio link served by a different DU (DU1) is available. The CU can therefore decide to forward to DU1 the incoming UP traffic for the UE as well as to forward the PDCP PDUs with SNs indicated by DU2

5. From this moment on the UE will receive UP traffic only via DU1 and it will receive the PDCP PDUs containing all the RLC PDUs that were unsuccessfully delivered via DU1

Conclusion 1: By allowing the CU to retransmit PDCP PDUs corresponding to partially or totally undelivered RLC SDUs it is possible to retransmit in a centralised way RLC PDUs that were unsuccessfully delivered via the failed radio link
Accuracy of Retransmitted Data
It needs to be noticed that the solution described above does achieve retransmission of RLC PDUs that were unsuccessfully delivered via DU1, but it is subject to extra retransmission of information that might have been received already by the UE. This is for two reasons:
1) At the time DU2 signals to CU the PDCP PDU SNs that need to be retransmitted, and if such signalling needs to be done in a fast way (i.e. without waiting for an RLC Status Report from the UE), some PDCP PDUs assumed to be lost may be “in flight”. These PDCP PDUs maight have been correctly received by the UE via DU2, but they may be retransmitted also via DU1

2) Some RLC SDUs may be segmented in DU2. If one RLC PDU derived from segmentation of an RLC SDU is lost, while the remaining part of the RLC SDU is successfully delivered, the retransmission of the entire PDCP PDU including the lost RLC PDU would result in extra retransmission of data that were successfully transmitted already. Figure 2 explains this phenomenon.

It is worth noting that there is no fixed rule about whether retransmission of lost RLC PDUs needs to be limited to the exact amount of traffic lost or if it can extend to more traffic (and therefore end up in redundant retransmissions). This is because there is a trade-off between enabling as fast as possible retransmissions, where it may not be feasible to wait for UE status reports indicating the exact amount of missing PDUs, versus delaying retransmissions in order to achieve all the information from the UE that would allow for accurate retransmission of lost PDUs only.
Conclusion 2: Solutions for centralised retransmission of lost RLC PDUs may target very fast retransmission, in which case some redundant retransmissions may occur, or they may target accuracy of retransmitted data (limiting retransmissions to lost data only) at the price of longer retransmission delays. The choice depends on the penalty that each of these aspects (delay or amount of redundant data) imposes
With this in mind, a solution for the first case above (retransmissions of PDCP PDUs that are not needed) could consist of allowing the UE to send a PDCP Status Report via the new serving DU1. Namely, as soon as traffic forwarding is switched from DU2 to DU1, new PDCP traffic is sent to the UE, which retransmissions are put on hold. As soon as a PDCP Status Report becomes available at the UE, the UE can repot this to the CU via DU1. With this information the CU can understand which PDCP PDUs have been successfully received by the UE and it can retransmit only those that have been truly lost.
Conclusion 3: Retransmission of PDCP PDUs containing lost RLC PDUs can be made more accurate by allowing a UE to report a PDCP Status Report (indicating lost PDCP PDUs) via the new serving DU (DU1)
With regards to the second case above (unnecessary retransmission of segmented RLC PDUs), Figure 2 explains the case graphically.



Figure 2: example of RLC SDU segmentation

In Figure 2 it is shown that RLC SDU 2 may be segmented into RLC PDUb and RLC PDUc. If RLC PDUb is lost in DU2, but RLC PDUc is successfully sent to the UE, retransmission of the entire PDCP PDU 2 would imply extra retransmission of RLC PDUc.
An analysis of how much extra retransmissions this will cause is performed in [2]. However, it is for now worth noticing that the amount of RLC PDUs that may be unnecessarily retransmitted is limited by two factors:
· A TTI can at most contain two RLC (PDU) segments
· In NR at most 4 HARQ processes can be run at the same time (at most 4 Transport Blocks worth of traffic can be processed)

So if retransmission is performed at PDCP level, the only way to achieve lost RLC PDU retransmission is by retransmitting the PDCP PDU that contains it. However, this may incur in a theoretical maximum amount of unnecessary retransmission of (2 RLC segments)*(4 HARQ processes)*(average RLC segment size). It is shown in [2] that the average amount of unnecessarily retransmitted data is negligible.
Restoring Original UP Transmission 
The solution description in Section 3 stops at the step where one radio link is broken and where both new UP traffic and traffic that failed to be transmitted to the UE are sent via a new DU.
Figure 3 shows the steps a solution could take to resume UP traffic transmission to the original configuration before radio link outage. The figure continues the steps described in Figure 1.
Figure 3: Graphical example of centralised retransmission

6. When the radio link over DU2 regains good enough radio quality for successful data delivery the CU can resume data forwarding to DU2.
Such event may be triggered in different ways, for example by means of UE measurements or by means of attempted transmissions over DU2 and whether they are successful or not.
7. Once UP data forwarding is resumed from the CU to DU2, DU2 resumes over the air transmission of traffic to the UE. 



It can therefore be seen that the solution described allows to “suspend” transmission over a radio link for a given time window and instead to forward new and retransmitted traffic to a new DU, which can send it to the UE. When radio conditions for the radio link in outage resume to good levels, the previously “suspended” radio link can be “resumed” by reusing previous configuration.
Summary of the Solution 
Below a message sequence chart is shown, which summarises the solution for all possible scenarios described.


Figure 4: Message sequence chart of solutions for centralised PDCP based retransmission

Conclusions
In this paper a description of solutions that can be used to achieve fast retransmission of lost RLC PDUs is described. 
The paper defined the following reference scenario, used for the purpose of describing the solutions 
Scenario Definition: In the case of a UE connected to a radio link subject to temporary outage, UP traffic that is unsuccessfully delivered to the UE via the link in outage shall be centrally retransmitted via an alternative radio link. For the duration of the outage, UP traffic shall be transmitted via the alternative (well functioning) radio link. When the radio link in outage resumes its correct functioning, UP traffic can be sent to the UE via the recovered radio link, as before the outage.
After describing the details of possible solutions the paper provided the following conclusion:
Conclusion 1: By allowing the CU to retransmit PDCP PDUs corresponding to partially or totally undelivered RLC SDUs it is possible to retransmit in a centralised way RLC PDUs that were unsuccessfully delivered via the failed radio link
The paper discussed also aspects of data retransmission accuracy and concluded the following:
Conclusion 2: Solutions for centralised retransmission of lost RLC PDUs may target very fast retransmission, in which case some redundant retransmissions may occur, or they may target accuracy of retransmitted data (limiting retransmissions to lost data only) at the price of longer retransmission delays. The choice depends on the penalty that each of these aspects (delay or amount of redundant data) imposes
Conclusion 3: Retransmission of PDCP PDUs containing lost RLC PDUs can be made more accurate by allowing a UE to report a PDCP Status Report (indicating lost PDCP PDUs) via the new serving DU (DU1)

In summary, this paper demonstrated that there are technically feasible solution based on RAN High Layer split architecture Option 2, which allows for central retransmission of lost RLC PDUs. 
The paper also proposed a number of solution approaches, with and without UE involvement, that enable different retransmission performance, depending on resource conditions.

In light of the above, the following is proposed:

Proposal 1: In light of the fact that technically feasible solutions for fast retransmissions of lost RLC PDUs based on Option 2 have been identified, it is proposed that RAN3 agrees to adopt Option 2 as the high layer split option of choice for Release 15 normative work.
Proposal 2: it Is proposed that solutions for fast centralised retransmissions of RLC PDUs based on Option 2 are made part of Release 15 normative work concerning specification of high layer split architectures 
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