3GPP TSG-RAN3 Meeting #73bis
(R3-112451
Zhuhai, China, October 10th – 14th , 2011
Agenda item:
9
Source:
Alcatel-Lucent 
Title:
TSN re-ordering ambiguities 
Document for:
Discussion and Decision

1          Introduction

This paper highlights a specific issue for Enhanced UL cell-FACH, related to UE TSN setting and ambiguities that can be caused at the RNC.
2         Discussion
TSN Settings Requirements & Ambiguity
As specified in [1], there is one TSN setting process at the UE for each logical channel. When a MAC-is PDU is transmitted, the UE operation in support of the re-ordering functionality generates an explicit sequence number (TSN) for the MAC-is PDU intended for the associated re-ordering queue.

Each TSN setting process maintains a state variable CURRENT_TSN, which indicates the sequence number to be included in the header of the following MAC-is PDU to be generated. When the TSN setting process is established, CURRENT_TSN shall be initialized to 0.

Additionally the TSN is set to 0 on MAC-is reset for all logical channels mapped to E-DCH and also when the current TSN > 63 (wrap around)
Therefore giving the following 3 cases when TSN=0:

1. Initialisation 

2. MAC-is reset

3. Current TSN > 63.

Case 2 and 3 are indistinguishable at the RNC. Therefore giving rise to TSN ambiguity.
The figure below illustrates the ambiguity:
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In this figure, at the starting at the top, RNC has received TSN0 and TSN1 in order from NodeB and is expecting TSN2. On the left-hand side, the UE doesn’t release the common E-DCH resource. A nominal in-order TSN2 arrives and should be delivered to the higher layer (RLC) right away. The right hand side shows a different scenario where the UE has released the common E-DCH resource and re-acquires another common E-DCH resource while RNC is waiting for TSN2. Let’s assume that in this case, the Mac-is PDus corresponding to TSN0 and TSN1 since the new E-DCH acquisition are in error in initial transmissions while TSN2 is successful and thus, reaches RNC earlier than TSN0 and TSN1. If RNC mistakes this TSN2 as nominal in-order PDU assuming situation to be as depicted in left-hand side and delivers this PDU (TSN2) to higher layer right away, this would induce out-of-order RLC PDU(s). 

Delivering of out-of-order RLC PDUs would impact capacity through redundant retransmissions of RLC PDUs which are already in transit and undergoing HARQ retransmissions (i.e. TSN0 and TSN1 in this case). In worst case, this out-of-order RLC PDUs may even result in RLC Reset as explained below:

As per 3GPP TS 25.322, section 10.1, the RLC is reset if the Status PDU contains an erroneous Sequence Number:

A STATUS PDU or Piggybacked STATUS PDU including "erroneous Sequence Number" is a STATUS PDU or Piggybacked STATUS PDU that contains:

-
a LIST, BITMAP or RLIST SUFI in which the "Sequence Number" of at least one AMD PDU that is negatively acknowledged is outside the interval VT(A)("Sequence Number"< VT(S); or
-
an ACK SUFI in which "LSN" is outside the interval VT(A)("LSN"( VT(S).
If an AM RLC entity receives a STATUS PDU or a Piggybacked STATUS PDU including "erroneous Sequence Number", it shall:

-
discard the STATUS PDU or the Piggybacked STATUS PDU;

-
initiate the RLC reset procedure (see subclause 11.4).

Given that a Status PDU can update the VT(A) based on the Last Sequence Number (LSN) (As per 3GPP TS 25.322, section 9.2.2.11.2), a given Nth+1 Status PDU, if delivered first would update VT(A) such that when the Nth Status PDU later arrives, would see its LSN falling outside the acceptable window, triggering a RLC reset.

Another scenario as mentioned below may cause un-necessary latency as a result of this ambiguity. 


[image: image2]
In this figure, at the left-hand side, TSN0 is successfully received by RNC while TSN62 and TSN63 are still undergoing HARQ retransmissions. RNC starts a timer to wait for TSN62 and TSN63 before delivering in-order PDUs to RLC. 

On the other hand, as per right-hand side, if UE releases common E-DCH resource after transmitting TSN61 and thus, sends new PDU with TSN0, RNC need not wait for reception of TSN62 and TSN63 to deliver TSN0 to higher layer. 

Since RNC cannot distinguish between the scenarios where TSN62 and TSN63 are just undergoing HARQ retransmissions or UE has performed Mac-i/is reset and thus, restarted with TSN0, considering a conservative approach, it may wait for the above mentioned timer to expire in all cases before delivering TSN0 to higher layer. This causes un-necessary latency in case UE had performed Mac-i/is reset and TSN62/TSN63 was never transmitted by UE. 
The NodeB can identify a UE MAC-i/is reset as the UE performs PRACH procedure again. So therefore it would be possible for the NodeB to inform the RNC of this, and therefore eliminate the TSN ambiguity at the RNC. 

We suggest that just using a MAC-i/is reset indicator may not be sufficient as the E-DCH DATA FRAME carrying the MAC-i/is indicator could be lost due to IuB congestion, which again would result in the same ambiguity at the RNC.
Therefore we propose in [2] to have a 4bit MAC-i/is acquisition indicator flag in the IuB E-DCH DATA FRAME which will then enable the RNC to distinguish a new common E-DCH resource acquisition from the UE (cause by a reset of MAC-i/is).
3
Conclusion
In conclusion, we consider that RAN3 should discuss the benefits of a MAC-is acquisition indicator in the E-DCH DATA FRAME, in order to avoid ambiguity at the RNC.
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