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1. Introduction

In RAN2#62-bis, we presented [1] to present the problems with the current standards regarding RLC re-establishment due to non-handover scenarios.

We provide more information and propose some alternatives to correct the standards in this contribution.

2. Reiteration of the Problem

In the current PDCP specification, when RLC is re-established for whatever reason, there could be outstanding PDCP PDUs in the UE transmit buffer that are waiting for RLC ACKs. Any RLC SDUs that are associated with those PDCP PDUs and not acknowledged will be discarded in RLC. However, the UE is still required to store the oldest un-acknowledged PDCP PDUs and all PDUs after that in the PDCP transmit buffer for retransmission in case the re-establishment was due to handover (see section 5.5.1.3 of [3]). This feature is call “cumulative retransmission”, which achieves lossless transmission during handover even there is no forwarding of UL PDCP PDUs to the target eNB.
In case RLC re-establishment during handover, there is no problem since those PDCP PDUs will get retransmitted to the target eNB shortly after the re-establishment. However, when RLC re-establishes for all other reasons (e.g., max ARQ retransmissions is reached), the UE will be buffering those non-acknowledged PDCP PDUs in the transmit buffer until the next HO, which may not come quickly since:

1) The UE PDCP does not know if the re-establishment was due to HO or other reasons (limited by the spec.)

2) No RLC ACKs corresponding to those PDCP PDUs will be received after the re-establishment

3) It is not clear whether the discard timer applies to those PDCP PDUs that were given RLC SN before RLC re-establishment. So it’s not clear whether the discard timer will help removing those PDUs.
As a result, potentially a large amount of PDCP PDUs need to be stored in the UE for an extended period of time and worse is when a HO finally occurs, the UE retransmits all those (now most likely obsoleted) PDCP PDUs to the eNB only to find that eNB will discard them since they are outside the PDCP receiving window!

We do not believe that is the intended behaviour.

3. Discussion
First we want to show RRC does support RLC re-establishment of individual DRB by the eNB since at least one company expressed that the feature does not exist in RRC today.

According to the latest RRC draft [2] subcluase 5.3.10.3 “DRB addition/ modification”, the eNB may re-establish the RLC of a DRB without resetting PDCP and MAC (see the highlighted part below).

	5.3.10.3
DRB addition/ modification

NOTE: Reconfiguration of the RLC mode of DRBs is not supported

The UE shall:

1>
if the received radioResourceConfiguration includes the drb-ToAddModifyList:
2>
for each drb-Identity value included in the drb-ToAddModifyList that is not part of the current UE configuration (DRB establishment):

3>
establish a PDCP entity in accordance with the received PDCP-Configuration IE;

3>
establish an RLC entity in accordance with the received RLC-Configuration IE;

3>
establish a DTCH logical channel in accordance with the received LogicalChannelConfig IE;

2>
for each drb-Identity value included in the drb-ToAddModifyList that is part of the current UE configuration (DRB reconfiguration):
3>
reconfigure the PDCP entity in accordance with the received PDCP-Configuration IE;

3>
if the rlc-ReestablishmentRequest is included, re-establish RLC for the corresponding DRB;
3>
reconfigure the RLC entity in accordance with the received RLC-Configuration IE;

3>
reconfigure the DTCH logical channel in accordance with the received LogicalChannelConfig IE;




4. Proposals

Proposal 1: Discuss what is the intended behaviour of PDCP when RLC re-establishes due to non-handover cases. e.g, should the PDCP try to retransmit the RLC PDUs that were lost due to RLC re-establishment?
There could be three alternatives to solve the problem.

Solution 1: The UE PDCP transmit entity should treat those PDCP SDUs as RLC acknowledged so the UE is not required to store them and retransmit them during the next HO occurrence.

This solution is simple and inline with the expected behaviour. It also requires minimal changes to the standard.
Solution 2: The UE PDCP retransmits those PDCP SDUs on the re-established RLC process. This way the PDCP retransmits PDCP PDUs even for non-HO case. Some may view it as a new feature.
This will require considerable changes to PDCP and creates a third behaviour (after non-HO and HO cases) in PDCP. One may argue we can reuse the current HO procedures. However, putting one DBR PDCP in “HO mode” when the whole UE is not performing handover is very strange to say the least.
Solution 3: Only allow the eNB to re-establish all RLCs for all DRBs simultaneously but not individual ones. This goes against the agreement in Sorrento (“When the network detects an RLC problem, it can use a per RB RLC re-establishment procedure. This mechanism can only be used for DRB’s ”) However, one may argue the need and benefit of resetting the RLCs individually are not clear.
Since the HO procedures can be re-used, this will require very small changes to RRC.

Given the rarity of the RLC re-establishment due to non-HO cases, we believe packet loss is acceptable and have a slight preference of solution 1 due to simplicity.
Proposal 2: include solution 1 in the standard.

Proposal 3: if proposal 1 is agreed, we propose the following text changes in PDCP.
The following is a text proposal based on v8.2.1 of the PDCP standard [3].

5.5.1.3
Re-transmission of PDCP SDUs in the uplink

When upper layers indicate that a handover has occurred, for radio bearers that are mapped on RLC AM the UE shall:

-
re-transmit all uplink PDCP SDUs starting from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layers;
NOTE: when the lower layers re-establish due to non-handover cases, any PDCP PDUs waiting for RLC acknowledgement are considered successfully delivered after the lower layers re-establish so the UE is not required to retransmit them at handover.
-
perform header compression if applicable and ciphering as specified in subclauses 5.2 and 5.3. on the PDCP SDUs.

The following is a text proposal based on the restructured PDCP subclause 5 (R2-083770).

5.2.1.1
Procedures for DRBs mapped on RLC AM

When upper layers indicate that a handover has occurred, the UE shall:

-
reset the header compression protocol for uplink (if configured);

-
apply the ciphering algorithm and key provided by upper layers during the handover procedure;

-
from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP Sequence Numbers in ascending order of the COUNT values associated to the PDCP SDU prior to the handover indication as specified below: 

-
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;

-
perform ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.6;
-
submit the resulting PDCP Data PDU to lower layer.
NOTE: when the lower layers re-establish due to non-handover cases, any PDCP PDUs waiting for RLC acknowledgement are considered successfully delivered after the lower layers re-establish so the UE is not required to retransmit them at handover.
5. Conclusion
The following scenario was discussed: When RLC re-establishes in the UE for reasons other than handover, should the UE PDCP retransmit the PDCP PDUs there were not acknowledged by RLC?
5.1. Proposals
Proposal 1: Discuss what is the intended behaviour of PDCP when RLC re-establishes due to non-handover cases.
Proposal 2: include solution 1 in the standard.

Proposal 3: if proposal 1 is agreed, we propose to include the text changes in PDCP.
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