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Introduction

Intra-NodeB Inter-frequency Hard Handover on UTRAN side over Iub and Iur interfaces (i.e., a Radio Link Addition on a new frequency) is typically supported by the Radio Link Addition procedure.  However, there seems to be some misalignment/limitations on the use of this procedure.

As an alternative, the Radio Link Set up procedure could also be used over the Iub interface to create a new NodeB context for the new frequency.   

This contribution looks at the applicability of both these procedures over the two interfaces for the Intra-NodeB Inter-frequency HO where a NodeB Communication context already exist for the UE.  It also points out limitations of the Radio Link Addition procedure and suggests possible corrections.

Discussion on the applicability and limitations of the RL addition procedure

Iub and Iur interfaces are not similar in this scenario and need to be considered separately. 

Iub interface:

The NBAP states:

· for the Radio Link Addition procedure: 
This procedure is used for establishing the necessary resources in the Node B for one or more additional RLs towards a UE when there is already a Node B Communication Context for this UE in the Node B.
From the text quoted above, RL addition seems to be the right procedure to use when a communication context already exists for this UE in the NodeB.   However, RL Addition seems to have some limitations compared to Inter-NodeB handover, which uses the RL Setup procedure. The current RL Addition procedure seems to assume additions of RLs on the same frequency only.

Synchronisation procedure and the first RLS indicator:

According to TS 25.214 §4.3.2.1: Synchronisation procedure A should be applied for inter-frequency handover.  And it states further in §4.3.2.3 and §5.1.2.2.1.2., that for a RL not yet achieved uplink synchronisation, downlink TPC command are generated as follows: 

· If the first RLS indicator indicates that the RL is a part of the first RL set, it shall use a specific 01 combination pattern 

· else it shall use all 1s. 

Thus, when a RL is added on a new frequency in a NodeB this is comparable to the case of first establishment of RLs to the UE and all necessary parameters have to be supplied.   The mobile is not listening to the downlink DPCCH in the new frequency.  If the network does not use the “01” TPC pattern, but instead uses the all 1s, the UE will go on increasing the power and this will result in a power overshoot.  Hence it is essential to use the “01” TPC pattern when setting up the first radio link on the new frequency.

Further, it is possible to set up the radio links in two NodeB on the new frequency simultaneously.   In this case, the RNC should set the “first RLS” indicator only to one NodeB.

When using a RL Addition procedure, the RNC should indicate “first RLS” to have the NodeB generate the “01” TPC pattern. However, the RL Addition procedure does not contain the “first RLS indicator” IE and hence the NodeB behaviour is not specified.   The NodeB may well use a pattern of all 1s, which is the normal behaviour for the RL additions on the same frequency but is inappropriate for the inter-frequency HO.

Other limitations:

The use of RL Addition procedure has other limitations.  For example:

· A HS-DSCH cannot be handed over together with the DCH. 

· It´s not possible to setup the link with a another data rate on the other frequency.

Note that both these are supported by RRC in the Physical/Transport Channel reconfiguration.   On the network interfaces, it is possible to run two procedures – first a RL addition followed by a RL reconfiguration - over Iub and Iur to solve these limitations.

Note : In the case of intra-Node B, inter-freq HHO involving a data rate change on a DCH, this will have to be a synchronised procedure as the unsynchronised RL Reconfiguration procedure does not allow such physical channel changes. The synchronisation is not necessary with Inter-Freq HHO as the two configurations are on different frequencies.

Iur interface:

RNSAP also the above mentioned limitations for the use of RL addition procedure.  No other issue has been identified.

Discussion on applicability of Radio Link Setup procedure

Iub and Iur interfaces are not similar in this scenario and need to be considered separately. 

Iub interface:

The NBAP states:

· for the Radio Link Setup procedure: 
This procedure is used for establishing the necessary resources for a new Node B Communication Context in the Node B.
As the NodeB does not keep track of whether two NodeB contexts really belong to the same UE, it is also possible for an RNC to use the RL set up procedure in order to set up Radio Link(s) on the new frequency.    While it does seem possible to use the RL set up procedure for the intra-NodeB inter-frequency HO case, it might go against the statement above to use RL addition when there is already a NodeB communication context for the UE in the NodeB.  Moreover, it is not aligned with RNSAP.  Further more, it is neither intuitive nor what one would expect as normal behaviour.

The RL Setup does however allow in one single message:

1) to set up RLs on the new frequency

2) to change the data rate of the physical channel

3) to signal the first RLS indication.

4) to use an unsynchronised procedure in all cases.

Iur interface:

On the Iur interface, the specifications are more clear:

Section 8.3.1.4 on RL Setup Procedure says:

“If the DRNC receives either an S-RNTI or a D-RNTI which already has RL(s) established the DRNC shall send the RADIO LINK SETUP FAILURE message to the SRNC, indicating the reason for failure.”

Thus it is clear that one has to use RL Setup procedure over Iur is not possible for this case. 

Conclusion and Proposal

Based on the above discussion, we draw the following conclusions for intra-NodeB inter-frequency HO:

1) RL addition procedure should be used for Iub and Iur interfaces

2) First RLS indicator is missing in NBAP and RNSAP RL Addition procedure.  It is proposed to add the First RLS indicator IE to NBAP and RNSAP RL ADDITION REQUEST message and define the NodeB behaviour for the “first RLS”:

a. When it indicates “first RLS”, the NodeB shall use the “01” pattern until synchronisation is achieved on the new frequency

b. When the First RLS Indicator IE does not indicate “first RLS”, the NodeB shall use a TPC pattern of all 1s until synchronisation is achieved on the new frequency.

It is further proposed to:

1) If the First RLS indicator is not included in the RL ADDITION REQUEST (that is current behaviour); the Node B behaviour is left implementation dependant to accommodate existing implementations. If agreeable, we request this be minuted in the meeting report.

2) Even though we see it as critical for R99, it is probably sufficient that CRs be discussed for Rel-5 onwards.

Appendix: Extract from TS 25.214

4.3.2
Radio link establishment and physical layer reconfiguration for dedicated channels

4.3.2.1
General

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

-
after it fails to complete an inter-RAT, intra- or inter-frequency hard-handover [8], the UE attempts to re-establish [5] all the dedicated physical channels which were already established immediately before the hard-handover attempt. In this case only steps c) and d) of synchronisation procedure A are applicable.

-
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.

The two synchronisation procedures are described in subclauses 4.3.2.3 and 4.3.2.4 respectively.

[..]

4.3.2.3
Synchronisation procedure A

The synchronisation establishment procedure, which begins at the time indicated by higher layers (either immediately at receipt of upper layer signalling, or at an indicated activation time), is as follows:
a)
Each Node B involved in the procedure sets all the radio link sets which are to be set-up for this UE in the initial state.

b)
UTRAN shall start the transmission of the downlink DPCCH and may start the transmission of DPDCH if any data is to be transmitted. The initial downlink DPCCH transmit power is set by higher layers [6]. Downlink TPC commands are generated as described in 5.1.2.2.1.2.

c)
The UE establishes downlink chip and frame synchronisation of DPCCH, using the P-CCPCH timing and timing offset information notified from UTRAN. Frame synchronisation can be confirmed using the frame synchronisation word. Downlink synchronisation status is reported to higher layers every radio frame according to subclause 4.3.1.2.

d)
The UE shall not transmit on uplink until higher layers consider the downlink physical channel established. If no activation time for uplink DPCCH has been signalled to the UE or if the UE attempts to re-establish the DPCH after an inter-RAT, intra- or inter-frequency hard-handover failure [5], uplink DPCCH transmission shall start when higher layers consider the downlink physical channel established. If an activation time has been given, uplink DPCCH transmission shall not start before the downlink physical channel has been established and the activation time has been reached. Physical channel establishment and activation time are defined in [5]. The initial uplink DPCCH transmit power is set by higher layers [5]. In case the UE attempts to re-establish the DPCH after an inter-RAT, intra- or inter-frequency hard-handover failure [5] the initial uplink DPCCH power shall be the same as the one used immediately preceding the inter-RAT, intra- or inter-frequency hard- handover attempt.In case of physical layer reconfiguration the uplink DPCCH power is kept unchanged between before and after the reconfiguration except for inner loop power control adjustments. A power control preamble shall be applied as indicated by higher layers. The transmission of the uplink DPCCH power control preamble shall start Npcp radio frames prior to the start of uplink DPDCH transmission, where Npcp is a higher layer parameter set by UTRAN [5]; in case the UE attempts to re-establish the DPCH after an inter-RAT, intra- or inter-frequency hard-handover failure [5] the UE shall use the value of Npcp as specified in [5] for this case. Note that the transmission start delay between DPCCH and DPDCH may be cancelled using a power control preamble of 0 length. The starting time for transmission of DPDCHs shall also satisfy the constraints on adding transport channels to a CCTrCH, as defined in [2] sub-clause 4.2.14, independently of whether there are any bits mapped to the DPDCHs. During the uplink DPCCH power control preamble, independently of the selected TFC, no transmission is done on the DPDCH.

e)
UTRAN establishes uplink chip and frame synchronisation. Frame synchronisation can be confirmed using the frame synchronisation word. Radio link sets remain in the initial state until N_INSYNC_IND successive in-sync indications are received from layer 1, when Node B shall trigger the RL Restore procedure indicating which radio link set has obtained synchronisation. When RL Restore has been triggered the radio link set shall be considered to be in the in-sync state. The parameter value of N_INSYNC_IND is configurable, see [6]. The RL Restore procedure may be triggered several times, indicating when synchronisation is obtained for different radio link sets.

Note:
The total signalling response delay for the establishment of a new DPCH shall not exceed the requirements given in [5] sub-clause 13.5.

[..]

5.1.2.2.1.2
TPC command generation on downlink during RL initialisation

When commanded by higher layers the TPC commands sent on a downlink radio link from Node Bs that have not yet achieved uplink synchronisation shall follow a pattern as follows:

If higher layers indicate by "First RLS indicator" that the radio link is part of the first radio link set sent to the UE and the value 'n' obtained from the parameter "DL TPC pattern 01 count" passed by higher layers is different from 0 then :

-
the TPC pattern shall consist of n instances of the pair of TPC commands ("0" ,"1"), followed by one instance of TPC command "1", where ("0","1") indicates the TPC commands to be transmitted in 2 consecutive slots,

-
the TPC pattern continuously repeat but shall be forcibly re-started at the beginning of each frame where CFN mod 4 = 0.

else
-
The TPC pattern shall consist only of TPC commands "1".

The TPC pattern shall terminate once uplink synchronisation is achieved.
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