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Introduction

Recent work in RAN2 on Enhanced uplink, and RAB enhancements have shown an interest in improving the support of conversational IMS services, and in improving the support of those services on HSDPA in particular.

The purpose of this paper is to highlight the work that needs to be done and to identify a potential solution for the main problem – the interruption at cell change.

Conversational services

The scope of the conversational service which is required to be supported over HSDPA will, to some extent, affect the final solution.  All conversational services are characterised by tight latency requirements and some also have increased tolerance to SDU errors compared to other QoS classes [1], for example voice services will accept a frame erasure rate of ~3% whereas other conversational services (such as gaming and other machine to machine communication) have significantly less tolerance to interruption and errors since it is not possible to rely on the human ear to mask the packet losses.  

It is assumed that 10-5 SDU error rate must be supported by any solution.  It is ffs whether any tighter requirements are required
Proposed solution

Due to the SDU error rates highlighted above, a solution for seamless handover is considered to be vital for conversational services since the cell change will be the major source of SDU loss due to HARQ in the DL.  The current solution for serving HS-DSCH cell change seems not to be sufficient to support delay sensitive service (e.g. voice) since the signalling mechanism is rather slow (L3 based). It is therefore intended to improve the serving HS-DSCH cell change. The improved mechanism proposed by Siemens can be summarised as network controlled fast cell switching.

The decision about switching of the UE serving cell is performed by the Node B (intra Node B case) or RNC (Inter node B case) based on either UL measurements and statistics or measurement reports from the UE to RNC.  The UE detects the change of serving cell based upon reception of HS-SCCH from a HS-SCCH pseudo active set of 3 or less cells.  For conversational class traffic any timing requirements are achieved by the synchronisation of data paths from RNC to Node B in the inter-Node B case, or from Node B to UE in the intra-Node B case.  Finally, the reception of duplicate data in the UE, which can be caused by significant disparities in Iub transfer time in the inter-Node B case, is handled by duplicate detection at RLC, an improvement to RLC added for MBMS MCCH reception.

HS-SCCH active set

The concept of HS-SCCH active set is introduced as an enhancement of the current Active Set.  The UE is provided with information about the HS-SCCH configuration in all the candidate cells which are considered for the cell change (all or a subset of cells in the Active Set). The UE monitors the HS-SCCH of the candidate cells for scheduling information (HS-DSCH channel assignment) to determine the serving cell. The HS-SCCH active set would be a pseudo active set since no combining schemes would be applicable, it is in effect a parallel monitoring of the HSDPA scheduling information of the strongest cells within the active set of the dedicated channels.

The HS-SCCH active set is maintained by UE measurement reports (at RRC) which indicates to the RNC which of the cells in the active set are the strongest 3 for HSDPA reception, and hence which the UE is monitoring (candidate Node Bs).  This information is used by the RNC to pre-configure the candidate Node Bs with UE identifiers and other necessary information (FFS).
It is proposed that the UE shall monitor additionally a single HS-SCCH from cells in its HS-SCCH active set other than the serving cell to identify new scheduled data in a cell other than the current serving cell.
It is proposed that the RNC maintain the UE HS-SCCH active set through response to RRC measurement reports, and that the RNC shall preconfigure all Node Bs to receive data from the RNC
Serving cell change
Intra Node B

In order to identify the serving cell the Node B shall make RSCP measurements on the DPCCH, averaged over time and this should be an acceptable indication of the DL for the Node B to decide whether or not to change the serving cell.   Additional information on UE geometry can be deduced from Node B statistics of ack/nack performance which can be fed into the cell change algorithm.
Intra-Node B cell changes are done without confirmation from the UTRAN, and simply switching the data path to the new cell based on the aforementioned measurements.  The UTRAN is subsequently informed of the cell change for mobility purposes.
For the intra-Node B case only a qualitative estimate of the cells of the intra Node B is required, an UL measurement performed by the intra Node B is sufficient for this purpose as it is a transmission from the same site to a single UE where the UE geometry is the most dominating factor.

Inter Node B

In the inter Node B case, the Node B shall make the same RSCP measurements on the DPCCH, averaged over time but this information can be provided to the RNC periodically.  This provides additional information to the RNC alongside the existing measurements to make decisions about the UE mobility, and when it is necessary to change the serving Node B.  This change of serving Node B is done by switching data path over the Iub.
UE measurement reporting

As an alternative to Node B based measurements, corresponding measurements could be performed by the UE e.g. CPICH Ec/No and included in an indicator onto the DPCCH terminated at the Node B.  However the above mentioned proposal would rely on available space in the DPCCH whilst the solution based on the UL measurement performed by the intra-Node B would have no impact on DPCCH.
For the inter Node B case, it is also conceivable that existing measurements or measurements similar to existing measurements can be used to aid in co-ordinating the cell change.
It is proposed that the the Node B make UL measurements and measure DL performance to make decisions about intra Node B cell change, and that these measurements be forwarded to the RNC to make decisions about inter Node B cell change.
Fast Cell Switching

The UE has to monitor a known HS-SCCH from each cell in its active set and there is no need for an activation time; in the inter Node B cell change case the RNC would stop sending further information to one node B and start with the next. Any interruption or overlap would be small as for real-time services the serving Node B has only very little data in its buffer to be scheduled.  Furthermore the Node B would continue scheduling the UE whilst the RNC performs the re-direction of the data stream towards the new serving Node B.

For conversational services, it is anticipated that the latency requirements of the services and PDU lifetime will be sufficient to synchronise the data streams and keep interruption at inter-Node B cell change to a minimum.

Sequence

The inter-Node B solution can be seen below in figure 1.  In the intra-Node B case, we can rely on the Node B making measurements of received HS-DPCCH in each cell or alternatively based on a UE measurement terminated at the NodeB, and switching the data stream autonomously, without any signalling from the RNC.  The solution shown relies on Node B measurements.

Note that in the case of conversational services, there may be some issues with retransmissions in the old cell in the case the last sent PDU is not successfully received by the UE, but this will be a minimal effect for conversational services.  
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Non conversational services

Although the work and solutions described above, it is necessary to consider the impacts for non conversational services, since it cannot be guaranteed that non conversational services will not be treated in this manner (consider two services in parallel, a download and VoIP service on HSDSCH).  

For services without the latency requirements of conversational services, there may be a problem with larger amounts of outstanding data remaining in the initial Node B buffer after the point at which the UE has begun receiving data in the new cell.  

For services using RLC AM, it should be sufficient to rely on RLC retransmissions, however for RLC UM services, additional procedures to minimise the data loss may be required.  These are FFS, and are not necessary for the support of conversational services, but rather for the complete and accurate specification of these proposals.   

It is proposed that fast cell switching be applied to only real time services in the first solution to ensure a simple solution which can be standardised quickly.
Conclusion
This paper has outlined a solution to improve the performance of cell change with HSDPA to support real time services.  In summary:
· It is proposed that fast cell switching be applied to only real time services in the first solution to ensure a simple solution which can be standardised quickly

· It is proposed that the Node B make UL measurements and measure DL performance to make decisions about intra Node B cell change, and that these measurements be forwarded to the RNC to make decisions about inter Node B cell change

· It is proposed that the UE shall monitor additionally a single HS-SCCH from cells in it's HS-SCCH active set other than the serving cell to identify new scheduled data in a cell other than the current serving cell

· It is assumed that 10-5 SDU error rate must be supported by any solution.  It is ffs whether any tighter requirements are required
· It is proposed that the RNC maintain the UE HS-SCCH active set through response to RRC measurement reports, and that the RNC shall pre-configure all Node Bs to receive data from the RNC

_1170742565.vsd
UE�

NodeB (a)�

NodeB (b)�

NodeB (c)�

RNC�

Active set update
Cells A and B now in active set, A is serving cell�

Node B (a) flushes preconfiguration when measured HS-DPCCH drops below a certain threshold�

Measurements
(a) best�

DATA (Path switched)�

DATA�

Measurements
(b) best�

DATA�

UE detects new HS-SCCH scheduled transmission and switches reception to the new cell�

HSDPCCH
HSPDSCH�

DATA (Path switched)�

Measurement reports
(new cell in HS-SCCH active set)�

ASU
Add cell in Node B (c), remove Node B (a)�

Pre-configure
�

Measurements
(b) best�

Node B (a) flushes MAC-hs buffer when no more data is received at Node B for time dT�

Measurement report
�


