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1. Introduction

PDCP/RLC behavior at non-handover RLC re-establishment was discussed in RAN2#61bis [1]. This contribution attempts to analyze/clarify the issues and propose a way forward.

2. Discussion
2.1. Is there a PDCP buffer buildup problem?
First, let’s recap the issue and proposal of [1]; [1] proposed the following RLC behavior:
When RRC indicates that an RLC entity should be re-established, the RLC entity shall:

· if it is an AM RLC entity:
· if the re-establishment is not due to handover, the transmitting side of the AM RLC entity shall indicate to upper layers that all RLC SDUs in the transmission buffer have been successfully delivered regardless of whether or not those SDUs have been acknowledged by the peer RLC entity.
The issue raised in [1] is the potential for PDCP buffer overflow if non-handover related RLC re-establishment occurs. But by having the RLC indicate to PDCP that all RLC SDUs have been successfully delivered (regardless of whether they have been acknowledged or not) i.e. ‘fake’ delivery confirmations, PDCP can discard the corresponding PDCP SDUs and hence avoid PDCP buffer buildup. 

According to our assessment: 
1) The above problem of PDCP buffer buildup will NOT occur since PDCP will have/implement its own (timer-based) SDU discard mechanism. 

2) It is unlikely that an infinite PDCP discard timer will be configured; if so, this implies that the UE will need to implement an additional PDCP SDU discard or PDCP buffer management mechanism in order to cope with the following scenario:
(a) When the UE is not receiving sufficient uplink grants from the eNB (e.g. due to congestion, or lower priority services), then PDCP buffer buildup will occur. This scenario is more likely to happen and potentially more severe than the RLC re-establishment scenario described in [1]. 
In conclusion, coping with scenario (a) above requires PDCP to implement and activate a buffer management / SDU discard mechanism. Back in RAN2#60, there were several proposals on buffer management (e.g. the AQM proposal in [2] and timer-based in [3]), and timer-based PDCP SDU discard mechanism was agreed. AQM [2] can also potentially provide an additional PDCP buffer management mechanism. 

Conclusion 1: (At least) one buffer management mechanism will be implemented in PDCP in order to prevent buffer overflow arising from scenario (a) above, or from any other causes.
Conclusion 2: Since PDCP needs to implement its own buffer management / SDU discard mechanism, there is no need nor advantage to have RLC send ‘fake’ delivery confirmations to trigger PDCP SDU discarding (when RLC re-establishment not due to handover occurs). 
2.2. Behavior at non-Handover RLC Re-establishment: Lossy or Lossless?
Although we believe that there is no PDCP buffer overflow issue to resolve, we agree that it is important to specify how PDCP and/or RLC will behave when an RLC Re-establishment that is not due to handover occurs. 
Conclusion 3: Although PDCP buffer overflow is not an issue, in order to have a non-ambiguous spec and a consistent UE behavior it is important to specify the behaviors of PDCP and RLC at RLC Re-establishment not due to handover.
There are several possible behaviors/options:
1) Option 1: RLC indicates to PDCP that all RLC SDUs have been successfully delivered (regardless of whether they have been acknowledged or not), sending ‘fake’ RLC delivery confirmations to PDCP (as in [1]); Lossy PDCP behavior.
2) Option 2: Do nothing, allow existing PDCP buffer management mechanism(s) to addresses outstanding transmissions; Lossy PDCP behavior.

3) Option 3: Apply existing PDCP handover procedure; Lossless PDCP behavior.
4) Option 4: PDCP retransmits only PDUs that have not been processed by RLC; Quasi-Lossless PDCP behavior.

2.2.1. Is Lossy Behavior Acceptable at non-Handover RLC Re-establishment?

Options 1 and 2 are equivalent since both will lead to data losses when RLC re-establishment that is not due to handover occurs. Option 1 (i.e. ‘fake’ confirmations) has no advantage over Option 2 (i.e. doing nothing), since PDCP has buffer management (section 2.1).
Proposal 1: If lossy PDCP behavior is acceptable, then we prefer doing nothing additional and allow PDCP buffer management mechanisms to addresses outstanding transmissions since we do not see a need or improvement from having RLC indicate to PDCP that all RLC SDUs have been successfully delivered (regardless of whether they have been acknowledged or not).
Nevertheless, lossy PDCP behavior is not a preferred behavior in our opinion, and can be unacceptable due to the following reasons:
A. RLC re-establishment not due to handover may not be a very rare case after all, since it can occur in several scenarios (see [4], section 5.3.7.2):
A. After having detected radio link failure;

A. Upon handover failure; 
A. When RLC indicates that max number of retransmissions has been reached; or
A. Upon an RRC connection reconfiguration failure
B. For practical UE implementations, the number of SDUs buffered in the RLC can potentially be large, since PDCP may need to pre-process (e.g. encrypt and header-compress) many PDCP SDUs and submit those in advance to the RLC in order to allow the per-TTI flexibility to the MAC and RLC to perform MAC multiplexing and RLC concatenation/segmentation according to the underlying radio conditions (TB size). Having many RLC SDUs buffered in the RLC implies that significant data loss and service interruption may occur at RLC re-establishment. This issue can be avoided by fast PDCP implementations where the MAC/RLC requests PDCP PDUs from PDCP on a per-TTI basis, and PDCP processes the required PDUs within each TTI. In our view implementation flexibility should be maintained (i.e. per TTI PDCP PDU implementation should not be required for proper operation) and therefore lossless PDCP behavior upon RLC reestablishment should be considered.
Conclusion 4: As RLC re-establishment can occur in many scenarios (aside from handover), and since for practical/simpler implementations the RLC buffer may store a large number of RLC SDUs, lossless PDCP behavior is desirable in order to minimizes service interruptions.
2.2.2. Fully Lossless Behavior at non-Handover RLC Re-establishment
(Fully) Lossless PDCP behavior is currently supported for Data RB’s at handover [5] via:
1) Retransmitting PDCP SDUs whose successful delivery was not confirmed by RLC;
2) Optimizing PDCP SDU retransmissions via exchanging PDCP Status Reports;
3) Duplicate elimination of redundant PDCP SDUs;
4) Reordering of PDCP SDUs. 

We prefer that similar PDCP behavior/actions should be supported at RLC re-establishment not due to handover, since this will lead to:
· Lossless behavior, hence minimizing data loss and service interruptions. 

· Consistent behavior where PDCP actions are similar in case of RLC re-establishment; i.e. one PDCP behavior for all RLC reestablishment causes
Proposal 2: Support lossless PDCP behavior at non-handover RLC re-establishment, since it will lead to consistent PDCP behavior and minimize service interruptions.

However, there might be cases where it may not possible to support lossless behavior e.g. if upon radio link failure detection, the UE connects (e.g. sends an RRC Connection Re-establishment Request) to a cell of an eNB that did not or can not get the forwarded UE data from the source eNB. To cope with this situation, the network can control the PDCP actions via RRC signaling, depending on the specific case for RLC re-establishment; e.g.: 

· If the network has user data forwarded/available, and can support lossless:
· It indicates to the UE to perform PDCP SDU retransmissions in UL;

· Configures a proper (non-zero) value for the Flush_Timer (i.e. activates reordering and duplicate detection for DL).

· May or may not configure the sending of PDCP status reports. 

· But, if the network does not have user data forwarded and can no support lossless:
· It indicates to the UE NOT to perform PDCP SDU retransmissions in UL;

· Configures a zero value for the Flush_Timer (i.e. deactivates reordering and duplicate detection for DL).

· Configures the NOT sending of PDCP status reports. 

Proposal 3: The network may control the desired PDCP actions via RRC signaling.
2.2.3. Quasi Lossless Behavior at non-Handover RLC Re-establishment
A simpler quasi- or nearly-lossless behavior can be achieved via having PDCP retransmit those RLC SDUs that were buffered in the RLC but NOT yet processed by RLC; the PDCP actions can be described as follows: 
· For PDCP PDUs/SDUs that were not yet sent/submitted to the RLC, PDCP will re-process and transmit;

· For RLC SDUs that were buffered but were not yet processed or transmitted by RLC, PDCP will re-process and retransmit;
· For RLC SDUs that were processed or transmitted by RLC, PDCP will NOT retransmit.

In order to support the above quasi-lossless PDCP actions, the RLC will either: 

· indicate/identify to PDCP the first RLC SDU that was not processed/transmitted by the RLC, to allow PDCP to start PDCP SDU (re)transmission from there onwards; or
· indicate to PDCP that all RLC SDUs that have been processed by RLC (i.e. SDUs mapped to RLC PDUs / delivered to lower layers) have been successfully delivered regardless of whether or not those SDUs have been acknowledged by the peer RLC entity; i.e. RLC sends PDCP ‘fake’ delivery confirmations for processed RLC SDUs.
The advantages are: 

· Reduced data loss (then as proposed in [1]) since PDCP will retransmit buffered RLC SDUs that have not been processed/transmitted by RLC. Potentially many unprocessed RLC SDUs buffered in RLC for practical/simpler PDCP implementations (see section 2.2.1) will not be discarded/lost;
· Enables greater UE implementation flexibility. (i.e. PDCP PDU pre-processing can be scheduled in advance of TFC selection, allowing for less time constrained implementations);
· Simpler behavior. No need to activate PDCP reordering or duplicate elimination since there will be no out-of-order transmissions. No need to exchange PDCP status reports; 
· Same behavior could be used for UM traffic, in addition to AM; 
Proposal 4: If there is a concern some complexity/overhead is introduced with (fully) lossless behavior (i.e. the RLC reestablishment handover operation), provide quasi-lossless PDCP behavior via retransmitting RLC SDUs that were buffered in the RLC but were not yet processed by RLC; 
3. Summary & Proposal  
If lossy PDCP behavior is considered acceptable at non-handover RLC reestablishment, we propose:

· Doing nothing additional and allow PDCP buffer management mechanisms to addresses outstanding transmissions since we do not see a need or improvement from having RLC indicate to PDCP that all RLC SDUs have been successfully delivered regardless of whether they have been acknowledged or not (proposal 1, see section 2.1 for details).

On the other hand, we believe that lossy PDCP behavior is not adequate or acceptable at non-handover RLC re-establishment, since in practical implementations the RLC buffer may hold a significant number of un-processed RLC SDUs, and since non-handover RLC re-establishment may occur/arise in many different scenarios (see section for 2.2.1 for details). 
Therefore, to eliminate or minimize loss we propose:
.

· To support (fully) lossless PDCP behavior at non-handover RLC re-establishment (i.e. similar to PDCP behavior at handover RLC reestablishment), since it will lead to consistent PDCP behavior and minimize service interruption (proposal 2, see section 2.2.2 for details). 
Or if there is a concern some complexity/overhead is introduced with (fully) lossless behavior (i.e. the RLC reestablishment handover operation), we propose:
· To provide quasi-lossless PDCP behavior via retransmitting RLC SDUs that were buffered in the RLC but were not yet processed by RLC (proposal 4, see section 2.2.3 for details).
If agreed, we further propose that the network can control the desired PDCP behavior via RRC signaling.
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