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1
Introduction
From R99, UE shall initiate a cell update procedure when UE detects an RLC unrecoverable error (ref. 8.3.1 in [1]).

For CS + PS multi-RAB case, this UE requirement caused CS voice service disruption or CS voice call drop when PS RB encountered RLC unrecoverable error. In fact, it was observed in the field quite many times.
This contribution proposes a way forward for the abovementioned problem.
2
Discussions
Problem
The following UE behaviour was observed in the field many times.

1. Regular CS RAB and PS RAB with HSDPA are established.

2. RLC unrecoverable error is detected on the PS radio bearer.

3. CS and PS calls were dropped because T314 and T315 were set to zero.
4. Upper layer or user re-establishes the calls.

5. Repeat step 1 to 4
In this case, CS call is dropped due to the RLC unrecoverable error detection on the PS RAB although CS and PS services are independent.
In addition, even if NW supports call re-establishment at step 3, CS voice service is still temporarily disrupted because the dedicated resource reserved for the CS call would be temporarily released while the UE is performing a cell update procedure and so it causes a very bad user experience anyway.
Analysis

Figure 1 below shows active set cells’ quality (EcN0), Downlink DCHs’ CRC results, HS-DSCH CRC results and PS RB’s uplink RLC activities (incl. RLC unrecoverable error detection) based on a UE log, which was taken in CS + PS MultiRAB scenario. X-axis is time elapsed from the call setup (unit: second).
Configurations:
DCH 8: Mapped on a logical channel for AMR class A
DCH 31: Mapped on logical channels for SRBs
HS-DSCH: Mapped on a logical channel for PS RAB
RB16: PS domain user RB

The figure shows that HS-DSCH reception stops while the DCHs are receiving downlink data successfully in the weak field although the serving HS-DSCH cell has the same/better signal quality as/than quality of the other active set cells.
On the PS domain user RB, UE could not receive any status PDU for the uplink AMDs due to the downlink unavailability although the uplink AMDs were retransmitted more than MaxDAT (30) times and so it detected RLC unrecoverable error.

Please note that the UE log was taken at the edge of WCDMA coverage and for successful case, NW commands ISHO to GSM to maintain the voice call.
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Figure 1: RLC unrecoverable error detection while CS voice call is maintained
Solution
When AM radio bearer encounters the RLC unrecoverable error, the error can be recovered by performing RLC re-establishment in both directions. 

At the moment, NW can command RLC re-establishment via a cell update confirm message only. Besides if UE initiates a cell update procedure, the UE shall perform a cell selection to be camped on the best quality cell and so it guarantees at least radio condition improvement via the cell selection. Therefore UE always needs to initiate a cell update procedure upon detection of an RLC unrecoverable error for recovery from the error. Please note that UE can initiate a cell update procedure only if NW supports call re-establishmtn (i.e. T314/T315 is set to non-zero value), otherwise UE moves into idle mode.
However once UE initiates a cell update procedure, the UE needs to release all dedicated resources so any ongoing services are disrupted until completion of a cell update procedure. The service disruption time is normally longer than a second so it causes a very bad user experience e.g. when the user has voice service.
Therefore it’s ideal if UE can report the RLC unrecoverable error to NW without initiating a cell update procedure so that NW can take necessary action for the error.

For figure 1 case, NW can leave PS RB unchanged but just lets UE continue GSM measurements and triggers ISHO based on the GSM measured results.
Or if UE remains in WCDMA coverage, it’s ideal if NW can command the RLC re-establishment via a reconfiguration message when the reconfiguration message can improve the radio condition (e.g. via serving HS-DSCH/E-DCH cell change or mapping DCH for PS RB). We propose the following step-wise solutions.
Solution 1: RLC unrecoverable error reporting via SCRI

1. NW signals to UE that NW supports the RLC unrecoverable error report via signalling connection release indication.

2. UE reports the RLC unrecoverable error via SignallingConnectionReleaseIndication message with a new cause.

3. NW takes necessary action (e.g. releasing the RB, where the unrecoverable error was detected and establishing the PS RB again or trigger ISHO – it’s totally up to NW implementation).

The solution doesn’t include any means to recover the RB from RLC unrecoverable error quickly but this is quite straight forward solution and so it’s good compromise for earlier releases (e.g. Rel-7, 8, 9 and 10).

Proposal 1: Introduce the cell update-less RLC unrecoverable error reporting (Solution 1 [3]) in Rel-10

Proposal 2: Discuss in what 3GPP release the cell update-less RLC unrecoverable error reporting (Solution 1 [3]) should be early implementable.
In addition to the solution 1, to enable a rapid recovery from RLC unrecoverable error on PS user RB, the following solution is proposed.
Solution 2: RLC re-establishment via reconfiguration
A new IE is added in RRC reconfiguration messages and the new IE indicates what RB shall be re-established during the reconfiguration procedure.

Solution 2 – scenario 1: UE initiated RLC unrecoverable error recovery
1. UE reports the RLC unrecoverable error via SignallingConnectionReleaseIndication message with a new cause (via solution 1).

2. NW triggers an RLC re-establishment via a reconfiguration message.

3. UE calculates a new START value prior to the RLC re-establishment.

4. UE sends back a response message with the new START value. NW and UE use the new START value for COUNT-C initialisation upon RLC re-establishment.

Solution 2 – scenario 2: NW initiated RLC unrecoverable error recovery
1. NW internally detects RLC unrecoverable error (or PDCP unrecoverable error).

2. NW triggers an RLC re-establishment via a reconfiguration message.

3. UE calculates a new START value prior to the RLC re-establishment and uses it for COUNT-C initialisation.

4. UE sends back a response message with the new START value. NW uses the new START value for COUNT-C initialisation.

Please note that without this solution, it takes about 5 or 6 seconds to recover from the unrecoverable error if NW detects the error first because NW needs to force UE to detect radio link failure by stopping DPCH transmission and so it takes at least T313 timer duration for RLF detection then UE has to perform a cell selection (SI reading is involved), which takes about at least 1 sec.
In addition, solution 2 can apply for the issue: CS over HSPA ciphering error detection by NW, which was raised by Huawei in RAN2#72bis meeting [2].

Solution 1 + 2 provides the full tool set to solve the problem. But solution 2 is slightly more complex than solution 1 and so it’s ideal to apply it for the latest 3GPP release (i.e. Rel-11).
Proposal 3: Introduce the RLC re-establishment via reconfiguration from Rel-11 (Solution 2 [4])
3
Conclusion
We propose to discuss the issue and agree on the proposed solution.
Proposal 1: Introduce the cell update-less RLC unrecoverable error reporting (Solution 1 [3]) in Rel-10

Proposal 2: Discuss in what 3GPP release the cell update-less RLC unrecoverable error reporting (Solution 1 [3]) should be early implementable.

Proposal 3: Introduce the RLC re-establishment via reconfiguration in Rel-11 (Solution 2 [4])
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