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1. Introduction

This contribution discusses the problems with loss of radio link synchronisation, both from a UE perspective but also from a Node B perspective. The contribution is divided into three parts. First comes a walkthrough of the status in different WGs. Then comes a discussion part, describing the problems that arise when a radio link is lost. This part also proposes possible solutions and discusses how they can be specified. The third part, provides a walkthrough of the specification status in the different RAN working groups and identifies required changes.

2. Status of the standard and work in WGs

The current status of the standard is that there exist some text in the specifications, but as this issue requires specification in all working groups, it is important that all working groups have the same understanding of how to approach the problem.

The situation in the working groups is as follows:

Uplink out of synch

WG3

· Procedures to indicate RL Failure / RL Restore are defined on Iub and Iur. No triggering criteria defined.

Downlink out of synch

WG1

· There is a definition on that UE shall turn off the transmitter when out of synch. No exact definition of out of synch exists however.

· No definition of the primitives CPHY-Sync-IND / CPHY-Out-of-Sync-IND exist.

WG2

· RL Failure as a triggering criteria for RRC Connection Re-establishment relies on a WG1 definition of CPHY-Sync-IND / CPHY-Out-of-Sync-IND primitives.

WG4

· Requirements on maximum delay to trigger RRC Connection Re-establishment exist, but test case needs more elaboration.

3. Discussion

In order to have a good recovery from a loss of synchronisation, there are several issues that need to be considered. First, the specifications have to make sure that the nodes in the system take appropriate actions, second the specifications have to support the required signalling and finally, the specifications can define a test for the node in order to make sure that the requirements are interpreted in the desired way.

When synchronisation is lost, there is a need that the involved nodes are acting independent from the RNC, as synchronisation loss means that communication in at least one direction becomes impossible. As it is important to have a common behaviour among all UEs and Node Bs, there is a need to specify parts of the behaviour. 

We divide the problem into two parts, loss of uplink and loss of downlink. For both cases we consider the case when a UE is connected on a dedicated channel only. We restrict the study to only consider the Uu and the Iub interface, as a DRNC (and consequently the Iur interface) from this perspective shall be more or less transparent.

3.1 Loss of Uplink

Loss of synchronisation on the uplink is detected by the Node B. The Node B shall however not take any other actions than trying to re-synchronise and (if some criteria is fulfilled) report the lost radio links. The SRNC has the full responsibility and knowledge on what radio links that shall be set-up and deleted.

There are basically two ways a synchronisation loss can be reported on the Iub interface.

I Node B reports in/out of synch periodically (say every TTI or frame). In this case, the in/out synch flag have to be coded as one bit and be sent together with the data in the user plane frame protocol. This solution has the advantage that the synchronisation status algorithm in the SRNC can be manufacturer dependent. The severe drawback is however that observability is lost when a DRNC is macro diversity combining frames. 

II The other solution is that each Node B is monitoring the synchronisation status and when some criteria is fulfilled, the Node B sends a RL FAILURE/ RL RESTORE message to the SRNC. These messages are sent via application signalling (NBAP/RNSAP) and with this solution no information will be thrown away in any case. This solution is however more difficult from a standardisation point of view, as the specifications have to state triggering criteria for the named procedures, as it otherwise will be impossible for a RNC to control the Iub load. These triggering criteria have also to be parametrisised and included in the CELL SETUP message.

TSG RAN WG3 have taken the working assumption that alternative II is the most preferable. Our proposed solution will follow this approach.

We will now study a case (Figure 1) where synchronisation is lost on the uplink, and discuss the appropriate actions:
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Figure 1: Loss of UL Synchronisation

#
Event
Comments

1
UL synchronisation is lost.
-

2
L1 in the Node B indicates the loss of synchronisation with the CPHY-Sync-IND / CPHY-Out-of-Sync-IND primitives.
Although what is Node B internal can never be tested, the update periodicity of the primitives shall be specified. This in order to secure multi-vendor operation.

3
As the Node B is not receiving the DL TPC commands correctly it has to take some actions on the downlink power.
This is not really critical, and need therefore not to be specified. 

4
When the RL Failure criteria is fulfilled, the Node B triggers the RL Failure procedure on the Iub interface.
In order for a RNC to control the load on the Iub interface, there have to be a specified criteria (with parameters) that the RNC can control. 

5
If the RL Restore criteria is fulfilled (Node B regains synchronisation), the RL Restore procedure shall be triggered on the Iub interface.
The same as for above.

6
Any action the SRNC might take is implementation dependent and need not to be specified.

Specification considerations

Bringing the above into the specifications, the following considerations have to be done (the numbers in the list refers to the event numbers in the table):

1. –

2. Although the primitives CPHY-Sync-IND / CPHY-Out-of-Sync-IND are Node B internal, the characteristics of them have to be specified. This in order to make it possible to specify triggering criteria for the RL Failure and RL Restore procedures. The characteristics need to be the update periodicity, so that higher functionality can define counters with some relevant unit. As RL Failure messages might be connected to billing functions, it is important to have the possibility to calculate any out of synchronisation delay in the Node B. It is not important to specify exactly how the Node B on L1 judges how to set the primitives. This as the Node B shall not take any decision about turning off the transmit power (compare with downlink discussion, section 3.2, bullet 2).

Vi propose the following definition of CPHY-Out-of-Sync-IND:

The Node B L1 shall estimate the synchronisation status on all combined radio links and update the CPHY-Out-of-Sync-IND primitive every frame.

And for CPHY-Sync-IND:

The Node B L1 shall estimate the synchronisation status on all combined radio links and update the CPHY-Sync-IND primitive every frame. 

3. As the DL TPC commands are lost, the Node B needs a strategy on what to do with the downlink power. This is not critical from a system perspective and does therefore not need to be specified. This is also something that will be very difficult to test, as the downlink power is depending on other parameters, such as power balancing reference values.

4. The RL Failure triggering criterion needs to be specified, as this is the only way to give the RNC control on the Iub load. The criterion needs to be specified and parametrizised in a general way. We propose the following:

The Node B shall start timer T_XXX after receiving N_XXX consecutive "out of sync" indications from layer 1. The Node B shall stop and reset timer T_XXX upon receiving successive N_YYY "in sync" indications from layer 1. If T_XXX expires, the Node B shall trigger the RL Failure procedure and indicate which radio links are out of sync.
The specific parameter settings (values of T_XXX, N_XXX and N_YYY) shall be possible to set with the Cell Setup procedure.

5. The same reasoning as in bullet 4 applies for the RL Restore procedure, where the proposed text is:

If the RL Failure procedure have been triggered and N_YYY successive “in sync” indications are received from layer 1, the Node B shall trigger the RL Restore procedure and indicate which radio links have re-established synchronisation.

The specific parameter settings (values of N_YYY) shall be set with the Cell Setup procedure. 

3.2 Loss of Downlink

When the downlink synchronisation is lost, the situation becomes a little more complicated. A UE that does not receive the downlink information is most likely not power controlled in a correct way. Therefore it is essential that it shut its transmitter off very rapidly. This will however cause a loss of synchronisation on the uplink. It shall therefore be noted that lost synchronisation on the downlink, will rapidly trigger events in both the UE and the Node B.

Figure 2 below, considers the case when synchronisation is lost on the downlink: 
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Figure 2: Loss of DL Synchronisation

#
Event
Comments

1
DL synchronisation is lost.
-

2
L1 in the UE indicates the loss of synchronisation with the CPHY-Sync-IND / CPHY-Out-of-Sync-IND primitives.
Although what is UE internal can never be tested, the criteria of what the UE shall base its decision on shall be specified. This in order to have a harmonised behaviour for the whole UE population.

3
As the UE is not receiving the UL TPC commands correctly, UL power is switched off.
This is a critical L1 functionality and can be tested. A test for this shall be introduced in 25.101.

4
UL Synchronisation is lost in the Node B due to UE power off.
NOTE: From now on, the “Loss of Uplink” case will run in parallel in the Node B.

5
When the RL failure criteria is fulfilled, the UE consider the downlink as failed, and triggers the RRC Connection Re-establishment procedure.
This is critical L3 functionality and can be tested. This case is covered in 25.133 but need to be finalised.

6
Any action the SRNC might take is implementation dependent and need not to be specified.

Specification Considerations

Bringing the above into the specifications, the following considerations have to be done (the numbers in the list refers to the event numbers in the table):

1. –

2. Although the primitives CPHY-Sync-IND / CPHY-Out-of-Sync-IND are UE internal, the characteristics of them have to be specified. This in order to make it possible to specify triggering criteria for the RRC Connection Re-establishment procedure. The characteristics needs to be:

· Update periodicity, so that higher functionality can define counters with some relevant unit. The current WG2 definition already assumes a periodic update.

· Decision base, so that all UEs behave in the same manner. The decision base shall state what entity the UE shall monitor in order to set the primitives. This is critical as the UE shall use this information to take a decision on when to shut off the transmitter. Different UE behaviour will cause planning problems in the network.

Vi propose the following definition of CPHY-Out-of-Sync-IND (the exact threshold levels shall be based on impact on system performance, i.e. increase in transmitted Eb/N0):

The UE L1 shall update the CPHY-Out-of-Sync-IND primitive every frame and report out-of-sync if any of the following criteria is fulfilled:

· The UE estimates the TPC commands over the last [200] ms period to be received with a TPC bit error rate exceeding [25]%. This criterion is never fulfilled during the first [200] ms of the DCH existence. 

Editors Note: This criterion will be tested by means of TPC field SIR. 

· No CRC are received correct on any TrCH  within a [200] ms period and [20] consecutive CRCs as observed on all TrCH are received incorrectly. Only TrCh configured with CRC shall be included in the decision.

The UE L1 shall update the CPHY-Sync-IND primitive every frame and report in-sync if both of the following criteria are fulfilled:

· The UE estimates the TPC commands over the last [200] ms period to be received with a TPC bit error rate not exceeding [20]%. This criterion is always fulfilled during the first [200] ms of the DCH existence. 

Editors Note: This criterion will be tested by means of TPC field SIR.

· At least one CRC on any TrCh is received correct. Only TrCh configured with CRC shall be included in the decision.
3. As the UL TPC commands are lost, the UE shall shut off the transmitter very rapidly. This is critical from a system point of view and shall therefore be both specified and tested. This can be seen as separate L1 functionality, independent from the higher layer decisions. 

A possible requirement could be:

The UE shall shut its transmitter off when the UE estimates the TPC commands over the last [200] ms period to be received with a TPC bit error rate exceeding [25]%. This criterion is never fulfilled during the first [200] ms of the DCH existence. 

The UE can turn its transmitter on when the UE estimates the TPC commands over the last [200] ms period to be received with a TPC bit error rate not exceeding [20]%. This criterion is always fulfilled during the first [200] ms of the DCH existence. 

4. The loss of uplink synchronisation is a consequence of bullet 3 above. The required Node B behaviour, is covered in section 2.1, and need no further elaboration.

5. The RL Failure criterion is already specified in 25.331. Currently it assumes a periodical update of the CPHY-Sync-IND / CPHY-Out-of-Sync-IND primitives. The current specification text is sufficient and need currently no improvements.

Current text in 25.331 (for information):

In Cell_DCH State the UE shall start timer T313 after receiving N313 consecutive "out of sync" indications for the established DPCCH physical channel from layer 1. The UE shall stop and reset timer T313 upon receiving successive N315 "in sync" indications from layer 1 and upon change of RRC state. If T313 expires, the UE shall consider it as a "Radio link failure".

 The UE functionality to trigger a RRC Connection Re-establishment, is a system critical functional which needs requirements on delay. This is covered in 25.133, where there are needs for minor clarifications.

4. Proposal - Affected groups / specifications

We propose the following changes for the different working groups. If a working assumption is taken at this RRM Ad-hoc meeting, the appropriate change requests can be submitted to the appropriate working groups:

4.1 WG1

25.214 - Physical layer procedures (FDD)

1. Definition on the L1 primitives.

· Uplink CPHY-Out-of-Synch-IND: Definition on update periodicity (see section 3.1, bullet 2).

· Uplink CPHY-in-Synch-IND: Definition on update periodicity (see section 3.1, bullet 2).

· Downlink CPHY-Out-of-Synch-IND: Definition on update periodicity and how the decision is taken (see section 3.2, bullet 2).

· Downlink CPHY-in-Synch-IND: Definition on update periodicity and how the decision is taken (see section 3.2, bullet 2).

2. Requirement on how the UE shall turn off and on the transmit power (see section 3.2, bullet 3).

4.2 WG2

No changes are required.

4.3 WG3

25.433 - UTRAN Iub Interface NBAP Signalling

1. Definition on triggering criteria for RL Failure and RL Restore. Rely on a periodic update of the Uplink CPHY-Out-of-Synch-IND / CPHY-in-Synch-IND primitives (see section 3.1, bullet 4 and 5).

2. Update of Cell set-up procedure to include the timers and counters for synchronisation triggering criteria.

4.4 WG4

25.101 - UE Radio transmission and Reception (FDD)

1. Requirement / test that the UE shall turn off the transmission power when the L1 criteria is fulfilled.

25.133 - Requirements for Support of Radio Resource Management (FDD)

1. Minor updates on requirement for RRC Connection re-establishment. This include definitions on test setup, system information, timer and counter values, and calculation of delay requirements.
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