9

3GPP TSG-RAN WG3#26
R3-020187
Vienna, Austria, January 14 – 18, 2002


Agenda Item:
rb-5.3

Source: 
Ericsson


Title: 
HS-DSCH mobility procedures
Document for:
Discussion and decision

___________________________________________________________________________

1 Introduction

The main purpose of this contribution is to describe how RRC, NBAP and RNSAP procedures can be used to support RRC connection mobility when the UE has an HS-DSCH assignment. A secondary purpose is to give input on identifying changes in those procedures.

2 Discussion of mobility procedures 

2.1 General aspects

In TS 25.308 [1], the following definitions exist:

“Serving HS-DSCH radio link: The radio link that the HS-PDSCH physical channel(s) allocated to the UE belongs to.

Serving HS-DSCH cell: The cell associated with the UTRAN access point performing transmission and reception of the serving HS-DSCH radio link for a given UE. The serving HS-DSCH cell is always part of the current active set of the UE.

Serving HS-DSCH Node B: A role a Node B may take with respect to a UE having one HS-DSCH allocated. The serving HS-DSCH Node B is the Node B controlling the serving HS-DSCH cell.”

A serving HS-DSCH cell change facilitates the transfer of the role of serving HS-DSCH radio link from one radio link belonging to the source HS-DSCH cell to a radio link belonging to the target HS-DSCH cell.
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Figure 1: Serving HS-DSCH cell change

Please refer to 25.308 [1] for a further description of this procedure.. 

Due to the similarity of DSCH and HS-DSCH it is straightforward to design the respective mobility procedures alike. 

In Release 99 and Release 4 support for the following DSCH handover scenarios is provided:

· Change of serving DSCH cell within the given active set;

· Hard handover comprised of following steps: DSCH resources are released in the source cell, a DCH is established in the target cell, DSCH is assigned in the target cell, DCH resources are released in the source cell.

Serving HS-DSCH cell change procedures could be performed basically in the same way requiring only minor changes of the existing procedures.

Due to existence of additional transmission queues in Node B MAC-hs, the question arises how to handle data contained in the buffers at handover. This issue is discussed further below.

2.2 Synchronised versus unsynchronised handover

Synchronisation between the UE and the network is currently achieved with activation timers. The activation timer settings are selected by RRC in SRNC and communicated to the involved UE and Node B(s). Due to unknown delays on the Iur/Iub interfaces, processing and protocol delays, however, a suitable margin may need to be taken into account in the choice of timer setting.  This may result in longer handover delay than can be achieved with unsynchronised procedures.
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Figure 2: Illustration of timing relationships at serving HS-DSCH cell change 
(generic case: t1 <=> t2, t3 <=> t4,,  t1 <=> t4, t2 ( t3)
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Figure 3: Timings at synchronised serving HS-DSCH cell change

The handover delay could be defined as the time interval starting where the handover decision is made, until the UE receiver is ready to receive and the Node B is ready to transmit. 

Unsynchronised handover minimises the handover delay but it is generally more difficult to obtain knowledge about the exact time instant when both UE and the network are ready for transmission and reception, and thus being able to avoid transmissions before the receiver is ready.

Therefore unsynchronised handover is mostly suitable for instance for active set update with radio link addition where communication is ensured on the old radio links while a new link is set up.

Concerning HS-DSCH handover it is obviously most appropriate to employ a synchronised scheme on the radio interface. This ensures that transmissions in the source cell can be accomplished until the required resources in the target Node B are prepared. The synchronised switching in UE and Node B ensures optimal performance. Signalling sequences for synchronised serving HS-DSCH cell change within the active set is outlined in sections 3.1 and 3.2.

2.3 One- vs. two-step procedures

When a radio link is added to the active set it can be regarded as unlikely that the added cell immediately also becomes the one best suited for HS-DSCH service. Therefore, a setup of a new radio link combined with a direct change of the serving HS-DSCH cell to this new link is probably not needed. In section 3.4 an example of a two-step procedure is outlined, which is comprised of a radio link addition in the first step, and serving HS-DSCH cell change in the second step.  A direct setup of the HS-DSCH at radio link addition could be added only if justified by clear performance gains.

The question arises whether this principle of using a two-step procedure is also adequate in case of a hard handover (e.g. inter-frequency handover).  An example is given in section 3.3 of hard handover for a UE with HS-DSCH assignment. In this case it suffices to apply a two-step procedure in the NBAP/RNSAP signalling only, where in the first step the new radio link is setup the target Node B and in the second step the synchronised serving HS-DSCH cell change is prepared. This example is applicable with the existing NBAP/RNSAP procedures. Optimisation of the NBAP/RNSAP signalling should be considered.

On the radio interface, however, the hard handover can be handled with only a single RRC procedure. This example should be applicable in Release 99 already when hard handover is performed for a UE with DSCH assignment.

2.4 HARQ buffer management issues

In certain handover scenarios provision of information on HARQ transmit buffer status by the source HS-DSCH Node B to the RLC entity in SRNC may be useful to avoid unnecessary double transmissions or to minimise the round trip delay. 

As stated in [1], in case of AM RLC mode, the polling function should be utilised to obtain the status of the data transmission to the UE on RLC level.  

A complete reset of MAC-hs entities in both the UE and the Node B can be regarded as the simplest means of buffer management. Advanced HARQ buffer management would be required only in case of inter-Node B serving HS-DSCH cell changes. In the intra-Node B case, the MAC-hs entity normally does not need to be re-initialised  (both in Node B and the UE). 
The issue of HARQ buffer management can be seen as one part of a more generalized “MAC-hs relocation” function, which addresses the exchange of MAC-hs status information between between UE and the UTRAN and between different Node Bs. 

We suggest that as the first step of HS-DSCH mobility we shall focus on design of simple handover schemes, which do not rely on advanced  buffer management. Such schemes can be introduced at a later stage if justified by clear performance gains.

3 Examples of procedures 

3.1 Intra-Node B serving HS-DSCH cell change

An example of an intra-Node B serving HS-DSCH cell change while keeping the active set is shown in the figure below.
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Figure 4: Intra-Node B serving HS-DSCH cell change

1. The SRNC decides there is a need for a serving HS-DSCH cell change and prepares a RADIO LINK RECONFIGURATION PREPARE message which is transmitted to the DRNC. The message includes an identification of the target HS-DSCH cell.

2. In this case, both the source and target HS-DSCH cells are controlled by the same Node B. The DRNC requests the serving HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION PREPARE message. The reconfiguration comprises a transfer of the HS-DSCH resources from the source HS-DSCH radio link to the target HS-DSCH radio link. The message includes also necessary information to setup the HS-DSCH resources in the target HS-DSCH cell, including a DRNC selected HS-DSCH UE identity.

3. The serving HS-DSCH Node B returns a RADIO LINK RECONFIGURATION READY message. 

4. The DRNC returns a RADIO LINK RECONFIGURATION READY to the SRNC. The message includes HS-SCCH set info, scrambling code for the target HS-DSCH cell and the HS-DSCH UE identity. 

5. The SRNC now proceeds by transmitting RADIO LINK RECONFIGURATION COMMIT to the DRNC including an SRNC selected activation time in form of a connection frame number (CFN).

6. The DRNC transmits a RADIO LINK RECONFIGURATION COMMIT message to the serving HS-DSCH Node B including the activation time. At the indicated activation time the serving HS-DSCH Node B stops HS-DSCH transmission to the UE in the source HS-DSCH cell and starts HS-DSCH transmission to the UE in the target HS-DSCH cell.

7. The SRNC transmits a PHYSICAL CHANNEL RECONFIGURATION message to the UE. The message includes activation time, MAC-hs reset indicator, serving HS-DSCH radio link indicator, HS-SCCH set info and HS-DSCH UE identity.

8. At the indicated activation time the UE resets MAC-hs, stops receiving HS-DSCH in the source HS-DSCH cell and starts HS-DSCH reception in the target HS-DSCH cell. The UE returns a PHYSICAL CHANNEL RECONFIGURATION COMPLETE message to the SRNC.

3.2 Inter-Node B serving HS-DSCH cell change

An example of an inter-Node B serving HS-DSCH cell change while keeping the active set is shown in the figure below.
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Figure 5: Inter-Node B serving HS-DSCH cell change

1. The SRNC decides there is a needs for a serving HS-DSCH cell change and prepares a RADIO LINK RECONFIGURATION PREPARE message which is transmitted to the DRNC. The message indicates the target HS-DSCH cell.

2. In this case, the source and target HS-DSCH cells are controlled by different Node Bs. The DRNC requests the source HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION PREPARE message, removing its HS-DSCH resources for the source HS-DSCH radio link.

3. The source HS-DSCH Node B returns a RADIO LINK RECONFIGURATION READY including an indicator that MAC-hs will reset as a result of the reconfiguration.

4. The DRNC requests the target HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION PREPARE message, adding HS-DSCH resources for the target HS-DSCH radio link. The message includes also necessary information to setup the HS-DSCH resources in the target HS-DSCH cell, including a DRNC selected HS-DSCH UE identity.

5. The target HS-DSCH Node B returns a RADIO LINK RECONFIGURATION READY

6. The DRNC returns a RADIO LINK RECONFIGURATION READY to the SRNC. The message includes HS-SCCH set info, scrambling code for the target HS-DSCH cell and the HS-DSCH UE identity. 

7. The HS-DSCH transport bearer to the target HS-DSCH Node B is established. The SRNC proceeds by transmitting RADIO LINK RECONFIGURATION COMMIT to the DRNC including an SRNC selected activation time in form of a connection frame number (CFN).

8. The DRNC transmits a RADIO LINK RECONFIGURATION COMMIT message to the source HS-DSCH Node B and the target HS-DSCH Node B including the activation time. At the indicated activation time the source HS-DSCH Node B stops and the target HS-DSCH Node B starts transmitting on the HS-DSCH to the UE.

9. The SRNC also transmits a PHYSICAL CHANNEL RECONFIGURATION message to the UE. The message includes activation time, MAC-hs reset indicator, serving HS-DSCH radio link indicator, HS-SCCH set info and HS-DSCH UE identity.

10. At the indicated activation time the UE resets MAC-hs, stops receiving HS-DSCH in the source HS-DSCH cell and starts HS-DSCH reception in the target HS-DSCH cell. The UE returns a PHYSICAL CHANNEL RECONFIGURATION COMPLETE message to the SRNC. The HS-DSCH transport bearer to the source HS-DSCH Node B is then released.

3.3 Inter-Node B serving HS-DSCH cell change at hard handover

An example of a hard handover combined with an inter-Node B serving HS-DSCH cell is shown in the figure below. Within UTRAN, the procedure is performed as a first step establishing a new radio link without the HS-DSCH resources. The next step is a transfer of the HS-DSCH resources to this new radio link followed by a release of the old radio link. In the radio interface, a combined procedure is used.
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Figure 6: Inter-Node B serving HS-DSCH cell change during hard handover

1. The SRNC decides that there is a need for a hard handover combined with a serving HS-DSCH cell change. It prepares a RADIO LINK ADDITION REQUEST message, which is transmitted to the DRNC. The message indicates the target cell for hard handover.

2. The DRNC allocates radio resources for the new radio link and requests the target Node B to establish a new radio link by transmitting a RADIO LINK SETUP REQUEST message including the necessary parameters for DPCH establishment.

3. The target Node B allocates resources, starts physical layer reception on the DPCH on the new radio link and responds with RADIO LINK SETUP RESPONSE.

4. The DRNC responds to the SRNC with RADIO LINK ADDITION RESPONSE and the DCH transport bearer is established.

5. As the next step, the SRNC prepares a RADIO LINK RECONFIGURATION PREPARE message which is transmitted to the DRNC. The message indicates the target HS-DSCH cell.

6. The DRNC requests the source HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION REQUEST message, removing its HS-DSCH resources for the source HS-DSCH radio link.

7. The source HS-DSCH Node B returns a RADIO LINK RECONFIGURATION READY.

8. The DRNC requests the target HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION REQUEST message, adding HS-DSCH resources for the target HS-DSCH radio link. The message includes also necessary information to setup the HS-DSCH resources in the target HS-DSCH cell, including a DRNC selected HS-DSCH UE identity.

9. The target HS-DSCH Node B returns a RADIO LINK RECONFIGURATION READY.

10. The DRNC returns a RADIO LINK RECONFIGURATION READY to the SRNC. The message includes HS-SCCH set info, scrambling code for the target HS-DSCH cell and the HS-DSCH UE identity. 

11. The HS-DSCH transport bearer to the target HS-DSCH Node B is established. The SRNC proceeds by transmitting RADIO LINK RECONFIGURATION COMMIT to the DRNC including an SRNC selected activation time in form of a connection frame number (CFN).

12. The DRNC transmits a RADIO LINK RECONFIGURATION COMMIT message to the source HS-DSCH Node B and the target HS-DSCH Node B including the activation time. At the indicated activation time the source HS-DSCH Node B stops and the target HS-DSCH Node B starts transmitting on the HS-DSCH to the UE.

13. The SRNC also transmits a PHYSICAL CHANNEL RECONFIGURATION message to the UE. The message includes activation time, DPCH information for the target cell, MAC-hs reset indicator, serving HS-DSCH radio link indicator, HS-SCCH set info and HS-DSCH UE identity.

14. At the indicated activation time the UE abandons the current active set, initiates establishment of the DPCH in the target cell and resets MAC-hs. When physical layer synchronisation is established in the target cell, it starts DPCH reception and transmission and HS-DSCH reception in the target cell. The UE returns a PHYSICAL CHANNEL RECONFIGURATION COMPLETE message to the SRNC. The HS-DSCH transport bearer to the source HS-DSCH Node B is released.

15. The SRNC then finalises the procedure by transmitting a RADIO LINK DELETION REQUEST message to the DRNC. In the message the source cell to be deleted is identified.

16. The DRNC transmits a RADIO LINK DELETION REQUEST message to the source Node B.

17. The source Node B releases resources for the source radio link and returns a RADIO LINK DELETION RESPONSE to the DRNC.

18. The DRNC returns a RADIO LINK DELETION RESPONSE to the SRNC. The DCH transport bearer to the source Node B is released.

3.4 Inter-Node B serving HS-DSCH cell change after radio link addition

An example of addition of a radio link becoming the serving HS-DSCH radio link is shown in the figure below. This procedure is performed using two steps, both within the network and towards the UE. In the first step, the new radio link is added to the active set. The HS-DSCH is transferred to the added radio link as a second step.
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Figure 7: Inter-Node B serving HS-DSCH cell change after radio link addition

1. The SRNC decides there is a need for an addition of a radio link, which would become the new serving HS-DSCH cell. As a first step the SRNC requests the DRNC to establish the new radio link without the HS-DSCH resources by transmitting a RADIO LINK ADDITION REQUEST message to the DRNC.
2. The DRNC allocates radio resources for the new radio link and requests the target Node B to establish a new radio link by transmitting a RADIO LINK SETUP REQUEST message including the necessary parameters for DPCH establishment.

3. The target Node B allocates resources, starts physical layer reception on the DPCH on the new radio link and responds with RADIO LINK SETUP RESPONSE.

4. The DRNC responds to the SRNC with RADIO LINK ADDITION RESPONSE. The DCH transport bearer is then established.

5. The SRNC prepares an ACTIVE SET UPDATE message and transmits it to the UE. The message includes an identification of he radio link to add.

6. The UE adds the new radio link to its active set and returns an ACTIVE SET UPDATE COMPLETE message to the SRNC.

7. As the next step, the SRNC prepares a RADIO LINK RECONFIGURATION PREPARE message which is transmitted to the DRNC. The message indicates the target HS-DSCH cell.

8. If we assume the source and target HS-DSCH cells are controlled by different Node Bs, the DRNC requests the source HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION REQUEST message, removing its HS-DSCH resources for the source HS-DSCH radio link.

9. The source Node B returns a RADIO LINK RECONFIGURATION READY.

10. The DRNC requests the target HS-DSCH Node B to perform a synchronised radio link reconfiguration using the RADIO LINK RECONFIGURATION REQUEST message, adding HS-DSCH resources for the target HS-DSCH radio link. The message includes also necessary information to setup the HS-DSCH resources in the target HS-DSCH cell, including a DRNC selected HS-DSCH UE identity.

11. The source HS-DSCH Node B returns a RADIO LINK RECONFIGURATION READY.

12. The DRNC returns a RADIO LINK RECONFIGURATION READY to the SRNC. The message includes HS-SCCH set info, scrambling code for the target HS-DSCH cell and the HS-DSCH UE identity. 

13. The HS-DSCH transport bearer to the target HS-DSCH Node B is established. The SRNC proceeds by transmitting RADIO LINK RECONFIGURATION COMMIT to the DRNC including an SRNC selected activation time in form of a connection frame number (CFN).

14. The DRNC transmits RADIO LINK RECONFIGURATION COMMIT messages to the source HS-DSCH Node B and the target HS-DSCH Node B including the activation time. At the indicated activation time the source HS-DSCH Node B stops and the target HS-DSCH Node B starts transmitting on the HS-DSCH to the UE.

15. The SRNC also transmits a PHYSICAL CHANNEL RECONFIGURATION message to the UE. The message includes activation time, MAC-hs reset indicator, serving HS-DSCH radio link indicator, HS-SCCH set info and HS-DSCH UE identity.

16. At the indicated activation time the UE resets MAC-hs, stops receiving HS-DSCH in the source HS-DSCH cell and starts HS-DSCH reception in the target HS-DSCH cell. The UE returns a PHYSICAL CHANNEL RECONFIGURATION COMPLETE message to the SRNC. The HS-DSCH transport bearer to the source HS-DSCH Node B is released.

4 Proposal

We propose that the signalling sequences in chapter 3 are incorporated into subclause 6.2 of TR 25.877 [2].
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