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1 Introduction

During RAN2#76 the following agreements were reached, with regards to the skew handling in multiflow operations:
The RNC-centric RLC data split option should always be allowed. 

If any UE-centric solution is agreed, it should be possible for the network to enable/disable it. 

If any UE-centric solution is agreed, it should be possible to combine UE-centric and RNC-centric RLC data split solutions.

UE solutions will be considered further.

Purpose of this document is to analyse and propose a UE-centric solution for the skew handling.
2 Discussion
Several UE-centric mechanisms have been analyzed so far, for the handling of the RLC SN gaps during multiflow inter-site operations.
In R2-115202 [1] an algorithm is proposed in order for the UE to distinguish a genuine loss from a skew. Whereas the algorithm seems to be able to pursue its scope, it sets high requirements on the UE implementation.
In R2-113299 [2] it is proposed to use a simpler mechanism, which doesn’t distinguish between genuine loss and skew, but that at the same times sets lower demands on the UE. The proposed scheme is similar to the RLC reordering functionality, based on the timer t-Reordering, adopted in LTE. 
When considering the merits of a possible UE-centric solution, we believe it should meet the following requirements:
· Easy to implement

· Minimal impact on the standardization

· Shouldn’t set too high requirements on the UEs

· Controllable by the network

The reordering functionality for LTE RLC AM PDUs, based on the timer t-Reordering, seems to fulfill these criteria. This scheme relies on a timer (t-Reordering), which is started when a gap is detected. If the gap is not filled and the timer expires, a STATS report is triggered. 
Annex A provides details regarding the algorithm defined by TS 36.322 [3]

Annex B shows how the algorithm can be applied to the scenario outlined in [1].
In light of the simplicity of the algorithm, its applicability to the cases already analyzed in the past, together with the merits listed above, we propose:
Proposal 1 Discuss and agree the possibility of introducing the reordering algorithm, based on the t-Reordering timer for LTE RLC AM PDUs, as a skew handling mechanism for multiflow inter-site operations
  
3 Conclusion

Based on the discussion in section 2, RAN2 is kindly requested to discuss the following proposal:

Proposal 1
Discuss and agree the possibility of introducing the reordering algorithm, based on the t-Reordering timer for LTE RLC AM PDUs, as a skew handling mechanism for multiflow inter-site operations


4 References

[1] QUALCOMM Incorporated, “UE based multi-link RLC for inter-site multi-point transmission in HSDPA”,  R2-115202, RAN WG2 #75bis
[2] InterDigital, “Layer 2 considerations for Inter-Node Multipoint HSDPA operation”, R2-113299, RAN WG2 #74
[3] 3GPP TS 36.322 v10.0.0, “Evolved Universal Terrestrial Radio Access (E-UTRA);Radio Link Control (RLC) protocol specification”
5 Annex A. Extracts from 36.322
Constants, timers and variables:

· t-Reordering 

· This timer is used by the receiving side of an AM RLC entity and receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer (see sub clauses 5.1.2.2 and 5.1.3.2). If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per RLC entity is running at a given time.

· VR(R) – Receive state variable

· This state variable holds the value of the SN following the last in-sequence completely received AMD PDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an AMD PDU with SN = VR(R).

· VR(MR) – Maximum acceptable receive state variable

· This state variable equals VR(R) + AM_Window_Size, and it holds the value of the SN of the first AMD PDU that is beyond the receiving window and serves as the higher edge of the receiving window.

· VR(X) – t-Reordering state variable

· This state variable holds the value of the SN following the SN of the RLC data PDU which triggered t-Reordering.

· VR(MS) – Maximum STATUS transmit state variable

· This state variable holds the highest possible value of the SN which can be indicated by “ACK_SN” when a STATUS PDU needs to be constructed. It is initially set to 0.

· VR(H) – Highest received state variable

· This state variable holds the value of the SN following the SN of the RLC data PDU with the highest SN among received RLC data PDUs. It is initially set to 0.

· AM_Window_Size

· This constant is used by both the transmitting side and the receiving side of each AM RLC entity to calculate VT(MS) from VT(A), and VR(MR) from VR(R). AM_Window_Size = 512 
Sections 5.1.3.2.3.and 5.1.3.2.4 of [3] define the actions when a RLC data PDU is placed in the reception buffer and the Actions when t-Reordering expires:

From 5.1.3.2.3: 

When a RLC data PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:

-
if x >= VR(H)

-
update VR(H) to x+ 1;

-
if all byte segments of the AMD PDU with SN = VR(MS) are received:

-
update VR(MS) to the SN of the first AMD PDU with SN > current VR(MS) for which not all byte segments have been received;

-
if x = VR(R):

-
if all byte segments of the AMD PDU with SN = VR(R) are received:
-
update VR(R) to the SN of the first AMD PDU with SN > current VR(R) for which not all byte segments have been received;

-
update VR(MR) to the updated VR(R) + AM_Window_Size;

-
reassemble RLC SDUs from any byte segments of AMD PDUs with SN that falls outside of the receiving window and in-sequence byte segments of the AMD PDU with SN = VR(R), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in sequence if not delivered before;
-
if t-Reordering is running:

-
if VR(X) = VR(R); or

-
if VR(X) falls outside of the receiving window and VR(X) is not equal to VR(MR):

-
stop and reset t-Reordering;

-
if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above):

-
if VR (H) > VR(R):

-
start t-Reordering;

-
set VR(X) to VR(H).

From 5.1.3.2.4:
When t-Reordering expires, the receiving side of an AM RLC entity shall:

-
update VR(MS) to the SN of the first AMD PDU with SN >= VR(X) for which not all byte segments have been received;

-
if VR(H) > VR(MS):

-
start t-Reordering;

-
set VR(X) to VR(H).

Section 5.2.3 describes the status reporting:

[…]

-
The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reordering expires.

NOTE 2:
The expiry of t-Reordering triggers both VR(MS) to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after VR(MS) is updated.
When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:

-
if t-StatusProhibit is not running:

-
at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and deliver it to lower layer;

-
else:

-
at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and deliver it to lower layer;

 […]

6 Annex B. t-Reordering algorithm applied to the example outlined in R2-115202
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In this example, data is split at RNC such as PDU 0-3 and 8 are sent to cell 1 while PDU 4-7 are sent to cell 2.

· t0: PDU0 and PDU4 are received

· VR(H)=5

· VR(R)=1

· VR(H)>VR(R)

· Set VR(X)=VR(H)=5 

· Start t-Reordering

· t1: PDU1 is received

· VR(R)=2

· t2: PDU2 and PDU6 are received

· VR(R)=3

· VR(H)=7

· t3: PDU3 and PDU7 are received

· VR(H)=8

· VR(R)=5

· VR(R)=VR(X)  

· Stop and reset t-Reordering

· VR(H)>VR(R)

· Set VR(X)=VR(H)=8

· Start t-Reordering 


· t4: PDU8 is received

· VR(H)=9  

· t3+t-Reordering: Assuming that no more PDUs are received, VR(R) can’t be incremented. 

· Upon the expiry of t-Reordering, 

· Set VR(MS)=9 (SN of the first AMD PDU with SN >= VR(X) for which not all byte segments have been received)

· Trigger a STATUS report

In the algorithm presented in R2-115202, at t4 a genuine loss is identified since the missing PDU has SN that is smaller than the LSN from both queues, hence a STATUS report is triggered

In the “LTE-like” algorithm, the STATUS report will only be triggered at t3 + t-Reordering
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