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Introduction

At last RAN WG2 meeting there were long discussions on the meaning of hard handover. It appeared that the physical layer requirements were not captured sufficiently well in RAN WG2 specification. The aim of this discussion paper is to solve the ambiguities that may exist in this area.

Discussion

Physical Layer specifications mention two types of  hard handover: inter-frequency hard handover and intra-frequency hard-handover.

[…from 25.214v3.a.0…]

Two synchronisation procedures are defined in order to obtain physical layer synchronisation of dedicated channels between UE and UTRAN:

-
Synchronisation procedure A : This procedure shall be used when at least one downlink dedicated physical channel and one uplink dedicated physical channel are to be set up on a frequency and none of the radio links after the establishment/reconfiguration existed prior to the establishment/reconfiguration which also includes the following cases :

-
the UE was previously on another RAT i.e. inter-RAT handover

-
the UE was previously on another frequency i.e. inter-frequency hard handover

-
the UE has all its previous radio links removed and replaced by other radio links i.e. intra-frequency hard-handover

-
Synchronisation procedure B : This procedure shall be used when one or several radio links are added to the active set and at least one of the radio links prior to the establishment/reconfiguration still exists after the establishment/reconfiguration.

For existing radio links, the reconfiguration of downlink phase reference from P-CPICH or S-CPICH to dedicated pilots is not supported. For all other physical layer reconfigurations not listed above, the UE and UTRAN shall not perform any of the synchronisation procedures listed above.

[…]

There is currently no disagreement on the fact that inter-frequency hard handover will always require Synchronization procedure A. However, the definition of intra-frequency hard handover is not entirely clear due the fact that it relies on the concept of radio link, which is not always consistently defined in our specifications. For example, what exactly defines a radio link? Is it only the CPICH scrambling code? Not necessarily, since the same CPICH scrambling code could be reused on a different frequency. Is it the CPICH scrambling code AND frequency? Unfortunately, this is not specified anywhere.

If we consider the RRC specification, the radio link is identified by all the information needed to add a new radio link:

[…from 25.331v3.a.0…]

10.3.6.68
Radio link addition information

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Primary CPICH info
	MP
	
	Primary CPICH info 10.3.6.60
	

	Downlink DPCH info for each RL
	MP
	
	Downlink DPCH info for each RL 10.3.6.21
	

	TFCI combining indicator
	MP
	
	TFCI combining indicator 10.3.6.81
	

	SCCPCH Information for FACH
	OP
	
	SCCPCH Information for FACH

10.3.6.70
	Note 1


NOTE 1:
These IEs are present when the UE needs to listen to system information on FACH in CELL_DCH state.
[…]

Therefore, the RRC specification seems to imply that, whenever any of the IEs included in "Radio link addition information" change, the old radio link ceases to exist and a new radio link takes its place. It seemed evident by the discussions at the previous RAN WG2 meeting, that different companies have different opinions on this subject, but it is important to reach a common understanding. Otherwise, operators may never be able to implement such reconfigurations due to the different behaviour of distinct UE implementations.

Inter-frequency handover

Even though there is no disagreement on the fact that synchronisation procedure A is needed for inter-frequency handover, it is not crystal clear how the RRC specifications define the inter-frequency handover.

[…]

8.6.6.1
Frequency info

If, after completion of the procedure, the UE will be in cell CELL_DCH state, the UE shall:

1>
if the IE "Frequency info" is included:

2>
store that frequency as the active frequency; and

2>
tune to that frequency.

1>
if the IE "Frequency info" is not included and the UE has a stored active frequency:

2>
continue to use the stored active frequency.

[…]

The statement above seem to imply that whenever the IE "Frequency info" is included, the UE has to perform a hard handover, even if the new frequency is identical to the current one. Anyhow, this does not seem to be in line with 25.214: the UE was previously on another frequency i.e. inter-frequency hard handover.

This potential inconsistency between 25.214 and 25.311 has to be resolved.

Proposed rules for RRC specification

As showed above, RRC specifications provide a lot of flexibility in performing the handover procedure, unfortunately, it is not always clear which physical layer synchronization procedure has to be applied in each case.

We propose to agree on a set of rules to be introduced in the RRC specification, in order to clarify which physical layer synchronization procedure to apply in each case.

Rule #1

If the UE will enter the CELL_DCH state from any state other than CELL_DCH, the UE shall use synchronisation procedure A.

Rule #2

If the UE executes an ACTIVE SET UPDATE message, the UE shall use synchronisation procedure B.

Rule #3

If the IE "Frequency info" is included in any reconfiguration message and the UE will be in CELL_DCH after the reconfiguration, the UE shall use synchronisation procedure A. This applies also if the new frequency is identical to the current frequency.

Rule #4

It is not possible to add or remove a radio link using a RADIO BEARER SETUP or RADIO BEARER RECONFIGURATION or RADIO BEARER RELEASE or TRANSPORT CHANNEL RECONFIGURATION or PHYSICAL CHANNEL RECONFIGURATION (in short: reconfiguration) message. In such a case the UE behaviour is unspecified (UTRAN should not attempt such a reconfiguration).

In particular, since "addition or removal of a radio link" has no meaning in a reconfiguration messages (there is no IE equivalent to the ones that can be found in the ACTIVE SET UPDATE message, i.e. "Radio link addition information" and "Radio link removal information"), this rule could be described as follows:

If the IE "frequency info" is not included in the reconfiguration message, 

1> If a reconfiguration message includes a value of the IE "Primary CPICH info" in the IE "Downlink information for each radio link" which is already used in the current active set, and it also includes a value of the IEs "Primary CPICH info" in the IE "Downlink information for each radio link" which is not used in the current active set, 

2> the UE behaviour is unspecified.

Note that the preliminary check on the IE "frequency info" is needed to allow the reuse of the same "Primary CPICH info" on different frequencies in the same base station site.

Rule #5

UTRAN is allowed to replace the full active set with a reconfiguration message. If this happens, the UE shall use synchronisation procedure A. This rule could be described as follows:

If the IE "frequency info" is not included in the reconfiguration message, 

1> If a reconfiguration message includes values of the IEs "Primary CPICH info" in the IEs "Downlink information for each radio link" which are not already used in the current active set, 

2> the UE shall perform synchronisation procedure A.

Note that the preliminary check on the IE "frequency info" is needed to allow the reuse of the same "Primary CPICH info" on different frequencies in the same base station site.

Rule #6

If a reconfiguration message modifies any of the elements included in the IE "Downlink information for each radio link", 

1> if the IE "Activation time" is set to "now" and the value of the IE "DL channelisation code" is identical to the currently used,

2> the UE behaviour is not specified (UTRAN should not attempt such a reconfiguration),

1> else,

2> the UE shall use synchronisation procedure B;

else, the UE shall use synchronisation procedure B. 

Rule #7

If a reconfiguration message modifies any of the elements included in the IE "Downlink information for each radio link", 

1> if IE "DL channelisation code" is identical to the currently used,

2> if the UE encounters a failure condition while executing the reconfiguration procedure,

3> the UE shall not attempt to send a failure message on the old configuration. The UE shall immediately declare a radio link failure (it shall go to CELL_FACH and send a CELL UPDATE message with cause "radio link failure")

Why do we need these rules in the RRC specification?

Rules #1 and #2 simply capture the common understanding of the RAN WG2 group. 

Rule #3 solves the ambiguity in the RRC specification with respect to the UE action if the new frequency is the same as the current frequency. It is proposed to clarify that the UE shall use synchronisation procedure A, whenever the IE "Frequency info" is included. In addition to solving the ambiguity, this rule allows the possibility to request synchronisation procedure A for any kind of reconfiguration. This might be helpful to operators, if the field trial experience will show that synchronisation procedure B will not be suitable for some of the reconfigurations. It could be easier for an operator to simply ask for synchronisation procedure A in such problematic cases, rather than raising the issue in the standard bodies and waiting for a standard solution. If Rule #3 could not be agreed, since it may look like a new requirement, we would have to specify in RRC that if the value of the IE "Frequency info" is identical to the current one, synchronisation procedure B shall be applied, otherwise, if the value of the IE "Frequency info" is different from the current one, synchronisation procedure A shall be applied. This may also be seen as a new requirement.

Rule #4 express the common understanding that only the active set update procedure should be used to add or remove radio links from the active set. The reconfiguration messages seem to allow the addition or removal of radio links, by simply providing the new active set in multiple instances of the IE "Downlink DPCH info for each RL". However, there is no procedural description for this case, and it is deemed appropriate to explicit rule out such possibility.

Rule #5 clarifies the concept of replacing all radio links with new radio links in a reconfiguration message.

Rule #6 clarifies that in all the remaining physical layer reconfigurations (i.e. not captured by Rule #3, #4 or #5), the UE shall apply the synchronisation procedure B, regardless of the potential problems this may originate. Anyhow, for the case in which it is obviously impossible that the reconfiguration can be successful with synchronization procedure B, it is proposed to leave the UE behaviour unspecified. A potential alternative would be to apply synchronization procedure A in this case, but this may be considered as a new function, which is not acceptable in R'99 specifications.

Rules #6 and #7 are trying to prevent the use of a wrong physical layer configuration on DL DPCH while performing synchronization procedure B. It should be noted that if the UE and UTRAN are not aligned with respect to the DL DPCH configuration and synchronization procedure B is used, the UE may not be able to correctly interpret the power control commands included in the DPCCH. For example, the dedicated pilot bits could be misunderstood as power control (UP) commands. This would soon lead to a catastrophic uplink interference that might bring down the serving cell and severely affect the neighbour cells. This is the reason why, if the "DL channelisation code" is not modified, the UE should not attempt to use the old DPCH configuration to send the failure message (Rule #7), since in doing so while using synchronization procedure B, it will select the old DL DPCH configuration that would not be aligned with the UTRAN DL DPCH. In fact, UTRAN would be waiting for the complete message on the new DL DPCH configuration. For the reasons here explained, Rules #5 and #6 are essential if synchronization procedure B has to be used on any physical channel reconfiguration other than active set update.

Other changes needed in RRC

1. The use of the word Hard Handover in the RRC specification may be misleading. In particular the hard handover is not clearly defined. In section 8.3.5 it is implicitly defined as: "to remove all the RL(s) in the active set and establish new RL(s)", but as said before, there is no clear definition of what constitutes the removal and establishment of a new RL versus the reconfiguration of a radio link.

It is proposed to replace "hard handover" with "handover" throughout the RRC specifications. The need for synchronisation procedure B will be explicitly stated on a case by case. Moreover, it is suggested to remove any mention of the "removal all the RL(s) in the active set and establishment of new RL(s)", unless a better wording can be found. In the reconfiguration messages UTRAN can not indicate "addition" and "removal" of radio links, but only the new active set. As previously stated, in the reconfiguration messages there is no IE equivalent to the ones that can be found in the ACTIVE SET UPDATE message, i.e. "Radio link addition information" and "Radio link removal information". It is up to the detailed procedures to establish if it is a replacement (synchronisation procedure A as per Rule #5) or a reconfiguration (synchronisation procedure B as per Rule #6).

Conclusion

It is proposed to discuss and adopt the rules here outlined. If consensus can be reached on these rules or on equivalent ones, a CR to RRC will be proposed at next RAN WG2 meeting.
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