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Preface

In the last RAN2 meetings a couple of documents [1][2][3] were provided regarding the selection and update of Serving radio link set and serving cell . Since they were not treated due to lack of time the issue stayed open and is addressed as open item 4.4 in the RAN2 chairman's open item list.

Introduction

Scheduling in the E-DCH engages different entities using different media:

· UE following the scheduling commands from the assigned grant channels according to standardised procedures

· One serving Node B, providing the absolute grant and optionally a relative grant.

· A serving RLS, which consists of cells controlled by the serving Node B

· One serving cell which is controlled by the serving Node B and is part of the serving RLS

· None, one or more Non Serving Node Bs providing relative grants

· Non serving RLS's, which consist of cells controlled by the Non serving Node Bs

· SRNC, which sources and sinks the RRC signalling to the UE and receives the E-DCH uplink data.

· CRNC, which controls and manages the Node B resources

2 hierarchical entities are immediately involved in the Serving function for scheduling: 

· The Serving Node B controlling the Serving RLS and 

· The Serving Cell, which is part of it.

Part or both of it will change due to UE mobility and radio conditions and therefore criteria and procedures for selection and update are needed as discussed below.

Discussion

UTRAN or UE based procedures could be considered to perform the selection or update of the Serving Node B and /or the serving cell and are discussed below. 

UE based method [2][3]:

· UE selects/updates the Serving Cell/Serving Node B 

· Algorithms and criteria are located in UE and are defined by standard

· Measurements in UE and/or Node B support the decisions

· The UE uses special E-DCH Related signalling between UE and Node B

UTRAN method [1][Appendix A]:

· UTRAN selects/updates the Serving Cell/Serving Node B 

· Algorithms and criteria are left to UTRAN implementation.

· Enhancement of UE measurement toolset supports UTRAN decisions

· UTRAN uses standard Rel-6 RRC signalling

In the following some pros and cons are discussed:

UE based method

· UE selects/updates the Serving Cell/Serving Node B

+
The UE is probably the entity, which has fasted knowledge about DL radio conditions and therefore can react instantaneously to changes. This is an advantage, if fast updates are really necessary to optimise performance 

-
The UE does not have the system overview for support of system wide scheduling strategies and resource allocation 

-
Management of E-RNTIs suffer certain restrictions e.g. values have to be consistent system wide.

-
In current standard it is avoided to allocate decision competences to the UE for cases, which can have system wide impacts.

· Algorithms and criteria are located in the UE and are defined by standard, e.g. as discussed in [2][3]

--
Lack of Proof of concept regarding System stability/efficiency

From the discussions, it seems not easy to define efficient and stable algorithms without system experience. This could be essential, if an algorithm shows problems in certain load situations. 

It should be mentioned, that system stability may become an issue at a time, when already a high number of UEs using E-DCH, is deployed. 

So from this point of view it is not only the testability of UEs following the standard, but more the proof of concept of the algorithms, which counts. 

· Measurements in UE and/or Node B support the decisions

+
UE can directly use its own measurements and Node B measurement provided on direct signalling channels or also implicit signalling e.g. evaluation of TPC commands or ACKs

-
Measurements will not include system related aspects e.g. Node B resource allocation strategies.

· The UE uses special E-DCH Related signalling between UE and Node B

+
Fast signalling is possible in UL using MAC-e control PDUs terminated at Node B and DL using e.g. dedicated/common E-DCH signalling channels.

-
Since UL/DL signalling is not in SHO, the reliability of UL must be enhanced by possibly extending basic HARQ algorithms, e.g. waiting for ACK from each addressed target Node B or special handshake mechanisms.

- 
UTARN controlled HO and UE autonomous E-DCH serving cell selection may suffer from conflicting situations, which required special UE based procedures to resolve. 

--
Late extensions to protocol might exceed the limited capacities of physical signalling channels, thus prohibiting adaptation of procedures at a later stage.  

UTRAN based method

· UTRAN selects/updates the Serving Cell/Serving Node B 

-
UTRAN based methods suffer from signalling delay. This is a drawback in case fast updates are really necessary to optimise performance.

++
The UTRAN has the system overview for support of system wide scheduling strategies and resource allocation. E. g. Serving cell update and Active Set update or Node B resource allocation.

+
E-RNTIs can be used Node B or even cell specific without any restrictions.

+
In current standard it is common sense to allocate decision competences to the UTRAN for cases, which can have impact on system wide impacts.

· Algorithms and criteria are located in the UTRAN.

++
Adjustable Concept regarding System stability/efficiency

Algorithms are implemented in the UTRAN (RNC) and can be changed/upgraded, if they turn out to be instable or inefficient, even if a large number of UEs is already deployed. This could be essential, if an algorithm shows problems in certain load situations. 

· Enhancement of UE measurement toolset supports UTRAN decisions

-
Measurement reporting suffers from signalling delay.

+
As depicted in Appendix A, enhancements to already implemented measurements can be used to support UTRAN decisions.

· UTRAN uses standard Rel-6 RRC signalling

+
Measurement reporting and update signalling use well proven and reliable procedures. Conflicts of HO and E-DCH Serving cell update can already be resolved in UTRAN.

+
Well introduced extension mechanisms can be used for late stage enhancements/corrections. 

 Conclusion

In the paper we discuss pros and cons for different methods for selecting and updating serving Node B, serving RLS and serving cell.

Among others, the lack of proof of concept is the main issue, why we prefer an UTRAN based method against a UE based method. 

Therefore we propose to adopt the methods and procedures as discussed in Appendix A:

· For the serving Node B, to select the Node B with the highest data throughput.

· For the serving cell, to select that cell out of the serving RLS, which provides the best downlink quality.

· Enhancement of existing measurements to support these methods.
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Appendix A

UTRAN based selection and update method as described in [1]

The E-DCH operates in SHO and UL-transmissions are scheduled by a controlling entity in one Node B (Serving Node B). The Serving Node B controls the E-DCH transmit format or transmit power of the UE in order to efficiently handle the UL interference level and variation and optimize throughput. The scheduling assignments are sent to the UE as Absolute Grants in the serving cell. In addition Relative Grants will be sent in order to control RoT variations in the serving RLS and in non-serving RLSs of the active set. The following assumptions can be taken from the architecture point of view:

1) The Serving Cell is equal to or a cell from the Serving RLS. 

2) The Serving RLS is equal to or a subset of the Active Set.

3) The grants from the Serving Cell and the Serving RLS are under control of the Serving Node B.

In order to optimize UL throughput by taking RoT margins of the UE’s active set cells into account, UTRAN should apply the following criteria for serving Node B and Serving Cell selection:

· Serving Node B/RLS
The best selection criteria for the Serving Node B/RLS is considered to be the Node B/RLS providing the highest UL data throughput for a UE. The serving RLS at least consists of the Serving Cell but can consist of all cells of the serving node B which are part of the active set of the UE. This guarantees that scheduling is performed by the Node B, which is able to utilize UL resources most efficiently by sending its Absolute and Relative Grants.
 If a non serving Node B would be able to grant a higher rate to a UE, there is no possibility to do this with means of non serving relative grants, since non serving relative grants are only able to lower the rate.

· Serving Cell
The best selection criteria for the Serving Cell is considered to be the cell, which provides highest reliability for DL transmission of Absolute Grants to the UE.

The UTRAN can base the selection of the Serving Node B/RLS and the Serving Cell on the following mechanism: 

· Highest UL throughput Criteria:
The Node B/RLS providing the highest actual throughput can be determined by the UTRAN from statistics about re-ordering buffer, e.g. which of the Node Bs in the active set receives the highest number of the MAC-es PDUs during a certain time interval.

· Highest DL Reliability Criteria:
There are a few possibilities to determine the best cell within a RLS

· Modified 1d event:
If event 1d is enhanced with a RLS specific trigger condition, it would be possible to report the best DL cell within the Serving RLS by means of intra-frequency measurement reports to the SRNC.

· Cell-Id of best cell within the Serving RLS (e.g. based on CPICH Ec/No measurement) in a MAC-e control section in the MAC header (inband). The best cell of the serving RLS or all RLSs could be reported in a special control section in the MAC-e PDU header to the Node B. Node B then could pass the information to the SRNC.

In order to perform selection of the Serving Node B/RLS and the Serving Cell the following functions and procedures are needed in UTRAN. 

· The UTRAN maintains statistics about Node B/RLS specific UL throughput.

· As long as the serving Node B provides the highest throughput the UTRAN updates the Serving Cell within the serving NodeB/RLS according to UE measurement reports or inband signalling (“best cell in RLS” based on threshold, hysteresis, time to trigger etc.).

· If the throughput of another Node B/RLS in the active set becomes higher than that of the current Serving Node B/RLS, the Serving Cell is updated according to the “best cell in RLS” of the target Node B. 


The following figure shows the Serving Cell update procedure:
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Fig. 1: Serving Cell Update Procedure

The following figure shows the Serving Node B/RLS and Serving Cell update procedure:
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Fig. 2: Serving Node B/RLS and Serving Cell Update Procedure
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