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1
Introduction

When a UE has a connection to the network, it is usually the case that a UE is reconfigured between the states and/or is provided with a different configuration within the same state depending on the network RRM algorithm, UE capabilities etc. However, the reconfiguration process can be interrupted by the radio link failure (RLF), after which a UE would move autonomously to the CELL_FACH state and initiate the CELL UPDATE procedure with the correspondent cause value. What remains unclear from the viewpoint of the current TS 25.331 specification is which configuration – an old one or a new one – a UE has while sending the CELL UPDATE message.   

During the RAN2#82 meeting, we presented a discussion paper explaining the problem and pointing out a fact that once the network receives the CELL UPDATE message, it should know which configuration a UE has [2]. In this paper, we present our further considerations on the reconfiguration process and, in particular, consider a few possible solutions for this problem. 

2
RLF during the ongoing reconfiguration process

As mentioned in the Introduction part, the RLF error can occur in the middle of the reconfiguration process resulting in the CELL UPDATE procedure initiated by a UE. To be more technically precise,  the UE can initiate the CELL UPDATE procedure in response to RLF at the following stages: 

· stage 1: before reception of the RRC reconfiguration message;

· stage 2: before transmission of the response message to RRC reconfiguration message; 

· stage 3: after transmission of the response message to RRC reconfiguration message, but before reception of the RLC acknowledgement for the response message;  

· stage 4: after reception of RLC acknowledgement for the transmitted response message.

From the network side point of view, these four stages are not very distinctive when the network receives the CELL UPDATE message. Even though the network can distinguish stage4 from other stages (based on response messages that have been received from a UE), stage2 and stage3 are less distinctive. The reason why the network must know at which stage a UE was is that it must know whether a UE still uses the old configuration or it has already applied a new one. Otherwise, this can lead to a situation when the network side assumes that a transport channel or radio bearer are still in the UE, whereas a UE may not have them upon the CELL UPDATE procedure. Hence, in this case the call may not recover at all as the UE may not accept the configuration provided by the network in the CELL UPDATE CONFIRM message.  

In Rel-6, a new flag “reconfiguration status indicator” was introduced in the CELL UPDATE message to facilitate the network with more information on which stage a UE was [1].  However, according to the TS 25.331 specification, sub-clause 8.3.1.3, this flag is set for both stage2 and stage3, without providing further details on when a new configuration is actually applied. Thus from the network point of view, it is not clear whether the UE has applied a new configuration or it has made a fallback to old configuration. Similarly, sub-clause 8.2.2.14 specifies actions when RLF is met, but all these actions are for the case when a UE still has an old configuration.

3
Observed discrepancy in UE behavior

In this section, we present at a coarse level a summary of observed UE behavior.  Firstly, there are UEs that do net set the RSI flag at all, regardless of the initial/final state and the stage when the RLF occurs.  In addition, the following discrepancy has been observed in the following scenarios and state transition cases for those UEs that implement the RSI flag:

· DCH – to – DCH state transition

· RSI flag is not set: 
no problem is observed as all UEs seem to have the old configuration

· RSI flag is set:


two behaviors are observed, when a UE has either old or a new configuration

Since the initial and target state is DCH, the received CELL UPDATE message has a cause value “RLF”. Due to observed discrepancy in setting of the RSI flag , the network does not have a clear indication which configuration a UE has.

· DCH – to – FACH/PCH state transition

When the RLF occurs in the DCH state, then the CELL UPDATE message has a cause value “RLF”, from  which the network can construe that a UE still has an old configuration. If a UE is already in the FACH state, then the CELL UPDATE cause value is “cell re-selection”, from which the network can assume that a new configuration is in place. However, it does not correlate with presence/absence of the RSI flag.

· FACH/PCH – to – DCH state transition

· RSI flag is not set:
two behaviors are observed, when a UE has either old or a new configuration

· RSI flag is set:


two behaviors are observed, when a UE has either old or a new configuration

It must be noted that if RLF occurs when a UE is still in the CELL_FACH state, the CELL UPDATE message has a cause value “cell re-selection”, from which the network can construe that a UE is still in the old configuration despite a discrepancy in setting of the RSI flag. However, if the CELL UPDATE has a cause value “RLF”, then we have observed that some UEs apply a new configuration, whereas others rollback to the one they had before. In this case, there is no indicator of which configuration a UE has since the RSI flag does not carry that information either.

4 
Analysis of possible solutions

Here is a list of possible solutions for the aforementioned problem, which are elaborated in details further in this section:

1. Always fallback to the old configuration upon sending the CELL UPDATE message with cause RLF;

2. Let the network know which configuration a UE has while sending the CELL UPDATE message;

a) Add a new flag into the CELL UPDATE message;

b) Re-interpret/clarify the meaning of the existing RSI flag;

3. Allow to “erase” the UE configuration with the one provided in the CELL UPDATE CONFIRM message

a) An explicit erase indicator

b) An implicit UE erase behavior

Solution 1

With this approach, whenever a UE encounters the RLF and send the CELL UPDATE message in response, it falls back  to the old configuration. Thus, whenever the network receives the CELL UPDATE with the RLF cause value it will know that a UE has an old configuration. The advantage of this approach is that it does not require any  ASN.1 changes and potentially can be early implementable. The drawback is that it puts more efforts on the UE side as the latter must keep an old configuration.  

Solution 2a

This approach assumes that a UE has an explicit indication sent to the network providing an information on whether a UE has an old or a new configuration. This can be implemented as a 1-bit indicator in the CELL UPDATE message. In addition, this indicator can be early implementable thus allowing to fix the problem in earlier releases. On the other hand, the CELL UPDATE message is out of space and no new bits can be added there with an assumption that R99 RACH still can be used by the legacy networks. There is the CELL UPDATE message with the optimized encoding offering a possibility to add more indicator, but the latter is fully optional for a UE. 

Solution 2b

This solution is logically similar, or even identical to the one presented above, with the only difference is that instead of introducing a new indicator, the existing flag is reused e.g. RSI. At the moment, as explained earlier, the RSI flag is set for both stage2 and stage3. If the RSI flag is set only for stage2 or stage3, then it can be also interpreted as an indicator of whether a UE has an old or a new configuration. The advantage of this solution is that there is no ASN.1 impact. On the other hand, this solution cannot be early implementable because the network must know based on a UE release which RSI flag interpretation it uses. Furthermore, since there might be an old legacy network that does not understand a new interpretation of the RSI flag, some SIB indicator might be needed with the corresponding ASN.1 changes.

Solution 3a

This solution offers the network a possibility to “erase” a UE configuration so that any new configuration in the CELL UPDATE CONFIRM message does not conflict with the one in the UE. This approach ensures that a situation, when the network tries to remove a non-existing channel or add an already existing channel, does not result in error.  The only disadvantage of this solution is that it cannot be early implementable; and due to the ASN.1 impact, it can be introduced only to later releases. Also, sending the whole configuration, especially for the multi-RAB case, will take more time thus making it somewhat less efficient when compared to cases only when configuration delta is transmitted.

Solution 3b

This one is close to the solution above with the only modification that the “erase” behavior is somewhat implicit at the UE side. In other words, a UE should accept a situation when the non-existing channel is removed or an existing one is added again. Due to such a UE behavior, it can be even considered as an early implementable. On the other hand, such a UE behavior may result in a decreased robustness as a UE may accept configurations in a situation when the network and a UE side configurations are indeed out of sync. Yet another challenge is that with this solution a UE does not know whether a configuration provided by the network is a new one, or delta on top of the configuration a UE previously had. 

The table below makes a small comparison and a summary of the considered solutions. It should be also noted that several solution are not mutually exclusive and can complement each other. For instance, solution 2b, and especially 2a, can be combined with solution 3a. Since solution 2a is early implementable but relies upon the optimized CELL UPDATE message which is optionally for a UE, one could consider complementing it with the mandatory solution 3a starting from Rel-10/11.

	Solution
	Pros
	Cons 
	ASN.1 impact
	Early implementable

	Solution 1
	It is early implementable and does not require any ASN.1 changes.
	It requires a UE to keep an old configuration, which would be applied upon the CU procedure.
	No
	Yes

	Solution 2a
	It is early implementable and provides an explicit indication to the network which configuration a UE has.
	The CU message is out of space, while the optimized CU message is optional for a UE.
	Yes
	Yes

	Solution 2b
	It provides an explicit indication to the network which configuration a UE has.
	There might be a need for a new indicator in SIB.
	Yes
	No

	Solution 3a
	It offers an explicit way for the network to “erase” a UE configuration and provide a new one.
	Due to the  ASN.1 and other impact, it cannot be applied to earlier releases; neither can it be early implementable.
	Yes
	No

	Solution 3b
	The implicit “erase” indicator allows for early implementability of this solution and does not require ASN.1 changes.
	There is a possibility for decreased robustness as a UE may accept configurations in a situation when indeed the network and a UE are out of sync with regards to their configurations.
	No
	Yes


Regardless of the adopted solution, it must be clear from the specification that if a UE keeps a new configuration while initiating Cell Update procedure, then the UE should keep that configuration also after completion of Cell Update procedure. Similarly, if a UE reverts to the old configuration, then it should be done before initiating Cell Update procedure, and not after its completion.

4
Conclusion

In this paper, we have presented a problem of the configuration mismatch between a UE and the network sides when the ongoing configuration procedure is interrupted by RLF. Depending on a stage when RLF occurs, the network might  not know whether a UE has an old or a new configuration, resulting further in unsuccessful CELL UPDATE procedure due to the configuration mismatch. In response to this problem, we consider a few different solutions and elaborate on their advantages and disadvantages. In particular, [3] exemplifies an implementation of solution 2b that clarifies the setting of the RSI flag. 

Proposal 1:  Discuss and agree upon a solution to mitigate the problem of configuration mismatch after RLF during the ongoing reconfiguration procedure.

In addition, there is a similar to RLF scenario that can be caused by so-called “RLC unrecoverable error”. For the sake of simplicity and clarity, any solution adopted for the RLF case can be also considered for the RLC unrecoverable error.

Proposal 2:  Adopt the agreed solution for the RLF case also to the RLC unrecoverable error scenario.
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