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Introduction

This document describes a mechanism to support the transport of USCH and DSCH channels over Iur. In addition the changes required on the Frame Protocol required for operation over the Iur interface are described. Elements of 25.420 and of 25.425 need updating to align with this concept: the changes required are described in a draft CR to.25.420 enclosed in the present document, while in a companion paper a draft CR to 25.425 describes the changes relevant to the Iur Frame Protocol. 

Discussion

DSCH

For “DSCH on Iur”, it is proposed to start from the solution for “FACH on Iur” as described e.g. in 25.425, with some upgrades. With the FACH, it shares the following features:

1) In one Iur DSCH data frame, several MAC-c/sh SDUs of same SDU length and of the same priority (CmCH-PI) can be transmitted.

2) The Iur DSCH data frame includes a “User buffer size”, reporting the total amount of data (number of octets) in all the transmit buffers of that user in the SRNC, with the indicated priority (CmCH-PI) and with the indicated MAC-csh SDU length, which are waiting to be transmitted on that DSCH.

3) For DSCH Flow Control on Iur, an upgraded credit mechanism is proposed.

However, the DSCH on Iur deviates from FACH on Iur in the following aspects:

1) The “Iur DSCH data ports” at DRNC and SRNC carry data of one UE only, and not data of several UEs. Therefore a DRNTI is not needed in the Iur DSCH data frame.

2) The “Iur DSCH data port” carries data of one DSCH only. If a UE uses more than one DSCH, several “Iur DSCH data ports” are needed for that UE. (Note: This corresponds to the scope of the “Iub DSCH data ports”.)

3) A control frame, called “DSCH capacity allocation” is proposed which is similar to the FACH flow control frame, but it also specifies the SDU length of the SDUs which can use that allocated capacity, and in addition, an “interval” and “repitition” information element is included for specification of a maximum throughput (number of SDUs per time interval).

DSCH Frame Protocol on Iur

Two new frame protocol elements are required over the Iur within the user plane protocol for DSCH.  One Data Frame is defined in the downward direction and contains information relating to the queue length. The Data Frame structure is very similar to the FACH data frame protocol message that already exists in 25.425.  However, the frame is identified implicitly from its transport bearer and a single data frame relates to traffic of a single level of priority from the MAC-d to the MAC-c/sh. The frame will include the following elements:

1. Common Channel Priority

2. SDU Length

3. Number of SDUs

4. User Buffer Size

5. Data

6. Payload CRC

One Control Frame is required in the upward direction: CAPACITY_ALLOCATION.  The control frame allocates the capacity to the SRNC either in advance to or in response to a capacity request.  Thus, enabling the proposed mechanism to behave in an allocation (in response to capacity requests) or rate based mechanism (in advance to anticipated loads).

The capacity allocation is different from the credit-based mechanism proposed for the FACH, as this mechanism allows for the use of natural Layer 2 information elements across the Iur, for example, SDU Size and Number of SDUs.  The rate-based mechanism allows a greater control of the flow of traffic over the Iur, so that busty traffic can be reduce.  In addition, the possibility of signalling explosions are reduced using this mechanism, as using the credit-based approach increases signalling load with increased traffic load.  The CAPACITY_ALLOCATION Control Frame can be further broken down into its component parts.  

1. Common Channel Priority

2. Number of SDUs

3. SDU Size

4. Interval

5. Repetition Period

Data arrival in SRNC

Note: The wording DATA_ZERO used in this text only to indicate that it is a data frame with the Number_of_SDU field =0.

When an RLC entity in the SRNC, which uses the DSCH for transport of its downlink logical channels, wishes to send data (RLC PDUs) to a UE (via MAC-d, Iur, MAC-c/sh), the following cases can occur. 

1. If no capacity has been allocated to the logical channel over the Iur and no data is being transferred to the CRNC. The data and/or status arrival can trigger a DATA_ZERO message informing the DSCH scheduler (MAC-c/sh or C-RRC depending on FDD or TDD mode respectively) of the amount information in the queue. These DATA_ZERO messages can be related to threshold crossing points in the RLC buffers, enabling a mechanism to prevent signalling explosions.

2. If capacity has been allocated over the Iur and proceeding data is being transferred to the CRNC.  The revised quantity of information in the queue is sent to the C-RRC as the:
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All RLC queue belonging to the same UE of the same priority. This information is transferred to MAC-c/sh with the MAC-c/sh SDUs.

3. If capacity has been allocated over the Iur and no data is being transferred to the CRNC.  The data is forwarded to the C-RRC under this allocation. The quantity of information still in the queue is transferred to MAC-c/sh with the MAC-c/sh SDUs.

Note: The queue length information is sent as an absolute value.  Therefore, new queue length information received at the C-RRC will always overwrite the existing value.  For example, if the RLC discards data then the lower and newer value will be accepted by the C-RRC.

Additional actions taken in the SRNC.

It is proposed that the following actions are completed in support of this protocol:

1. If the RLC queue(s) is discarded a DATA_ZERO message is sent to update the C-RRC of the current queue length.

2. If a DATA_ZERO message has been sent and no allocation is received before an internal timer expiry either the DATA_ZERO is repeated or the RLC may discard the queue followed by a DATA_ZERO.

Queue length information arrival in C-RNC.

When RLC queue(s) length information is received by the CRNC three events can happen

1. The C-RRC can allocate enough resources, (according to the traffic contract), to the Transport Channel over the Iur to clear (or partially clear) the RLC queue(s) within a certain time period. This may be done in a series of allocations dependent upon cell loading and scheduler operation. 

2. The C-RRC can allocate enough resources to the Transport Channel to clear the RLCs and further capacity in anticipation of more arrivals. This over allocation may have an expiry time or can be allocated as a constant capacity.

3. The C-RRC can record the arrival event and not send a capacity allocation.

Additional actions taken in the CRNC.

At any time the C-RRC can send a capacity allocation over the Iur to the SRNC in a CAPACITY ALLOCATION Control Frame.  This allocation can be of two forms.

1. A time limited capacity allocation to increase or reduce existing capacity.

2. A time unlimited capacity allocation to increase or decrease existing capacity.

Note:  The CAPACITY_ALLOCATION contains a priority level.  The scheduler in the RRC defines the minimum level of traffic that will be sent over the Iur for that allocation period.  The SRNC can pre-empt traffic of lower priority within the bound of a valid transport combination set.

Further protocol features

The groups of logical channels belonging to a UE can be set to a priority level.  Therefore, different service behaviour can be observed for different logical channel connections.  This service behaviour will be under the control of the RRC in the CRNC. 

A down link data frame may contain one or more SDUs relating to a particular UE and Iur transport channel with a particular priority level.  Alternatively, the data frame may not contain any SDUs if it is being used solely to report queue status.

When a CAPACITY_ALLOCATION is sent to an SRNC, the priority level indicates the minimum level of SDUs priority that can be sent. Therefore, for example, if an SRNC has #2, #3 #4 levels of traffic waiting in the RLC buffers, and the CRNC allocates an #3 CAPACITY_ALLOCATION.  The SRNC cannot send any #4 traffic, and has an option of how much #2 and #3 traffic to send.  This enables a differential approach to Quality of Service.

Difference between FACH and DSCH data on Iur

Transport bearers for FACH are already described in 25.425. For each FACH Transport Channel, there is one FACH Iub Data port from SRNC to CRNC, which includes all FACH data for all the UE in that SRNC, served by that CRNC. The DSCH approach has a single Transport connection for single/multiple logical channels, this depending on the method of multiplexing in the MACD.  Therefore, in the FACH data frame, the DRNTI is used to distinguish between the UEs.  This DRNTI is not needed for the USCH/DSCH data frame. A UE can have more than one DSCH data port.  In one DSCH, there can be logical channels (RLC PDUs) with different priority. The Iur DSCH data frame includes a CmCH priority indicator. User Buffer size is the Sum of RLCs belonging to a single user with a particular priority level

In short: DSCH shall be handled like FACH, but:

Capacity allocation shall be a modification of the credit mechanism by means of, CmCH Priority, SDU length, an interval indicator (to avoid many capacity allocation messages), a number of SDU in the interval and a repetition period (or continuous). 

Data frame shall include RLC buffer sizes (sum of all with equal Priority and equal SDU size), plus Priority, and SDU length. This can be used for capacity request (even with zero data).

USCH

As data does not need scheduling over the Iur the USCH data will be transferred directly from the C-RNC to the S-RNC, just like RACH data frames.

However, in contrast to the RACH, an “Iur USCH data port” shall only carry data for one UE – which corresponds to the use of the “Iub USCH data port”.

Conclusion

This contribution proposes a simple set of messages that will enable shared channels to operate over the Iur interface.  The messages are constructed to be generic information elements independent of the scheduling mechanism adopted by the CRNC.  The DSCH messages are equally valid for both TDD and FDD mode of operation.

The above concept is further specified in this paper and a following companion paper, containing CRs for 25.420 and 25.425.
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3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

AAL2
ATM Adaptation Layer type 2

AAL5
ATM Adaptation Layer type 5

ALCAP
Access Link Control Application Part

ATM
Asynchronous Transfer Mode

CRNC
Controlling RNC

CTP
Common Transport Protocol

DCH
Dedicated Transport Channel

DSCH
Downlink Shared Channel
DL
Down-link

DRNC
Drift Radio Network Controller

DRNS
Drift Radio Network Subsystem

FACH
Forward Access Channel

GT
Global Title

IP
Internet Protocol

MAC
Medium Access Control

MTP3-B
Message Transfer Part level 3 (for Q.2140)

PLMN
Public Land Mobile Network

QoS
Quality of Service

RACH
Random Access Channel

RF
Radio Frequency 

RNC
Radio Network Controller

RNS
Radio Network Subsystem

RNSAP
Radio Network Subsystem Application Part

RRC
Radio Resource Control

SCCP
Signalling Connection Control Part

SPC
Signalling Point Code

SRNC
Serving Radio Network Controller

SRNS
Serving Radio Network Subsystem

SS7
Signalling System No 7

SSCF-NNI
Service Specific Co-ordination Function – Network Node Interface

SSCOP
Service Specific Connection Oriented Protocol 

SSN
Sub-System Number

STC
Signalling Transport Converter

UE
User Equipment

UL
Up-link

UMTS
Universal Mobile Telecommunication System

URA
UTRAN Registration Area
USCH
Uplink Shared Channel
UTRAN
UMTS Terrestrial Radio Access Network

4.4
Iur Interface Capabilities

The information transferred over the Iur reference point can be categorised as follows:

-
Radio application related signalling

The Iur interface provides capability to support radio interface mobility between RNSs, of UEs having a connection with UTRAN. This capability includes the support of handover, radio resource handling and synchronisation between RNSs.

-
Iub/Iur DCH data streams

The Iur interface provides the means for transport of uplink and downlink Iub/Iur DCH frames carrying user data and control information between SRNC and Node B (DRNS), via the DRNC.

-
Iur DSCH data streams

· [TDD Iur USCH data streams]
The Iur interface provides a means of transporting up link and down link MAC-c/sh PDUs.  In addition, the interface provides a means to the SRNC for queue reporting and a means for the CRNC to allocate capacity to the SRNC
-
Iur RACH data streams

· Iur FACH data streams

5.1
Functional List

The list of functions on the Iur interface is the following:

1.
Transport Network Management

2.
Traffic management of Common Transport Channels

-
Preparation of Common Transport Channel resources

-
Paging

3.
Traffic Management of Dedicated Transport Channels

-
Radio Link Setup/ Addition/ Deletion

-
Measurement Reporting

4. Traffic Management of Downlink Shared Transport Channels and [TDD uplink shared channels]
-
Radio Link Setup/ Addition/ Deletion

-
Measurement Reporting
-
Capacity Allocation
5. Measurement reporting for common and dedicated measurement objects.

6
Iur Interface Protocols

6.1
General

There shall exist a clear separation between the Radio Network Layer and the Transport Layer. Therefore, the radio network signalling and Iur data streams are separated from the data transport resource and traffic handling as shown in Figure 2. Data transport resource and traffic handling is controlled by Transport Signalling. The Transport Signalling is carried by a Signalling Bearer over the Iur interface.
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Figure 2: Separation of Radio Network Protocols and transport over Iur

6.2
Radio Signalling Protocols

6.2.1
RNSAP Protocol

The protocol responsible for providing signalling information across the Iur interface is called the Radio Network Subsystem Application Part (RNSAP).

The RNSAP is terminated by the two RNCs inter-connected via the Iur interface RNSAP Procedure Modules.

RNSAP procedures are divided into four modules as follows:

1.
RNSAP Basic Mobility Procedures

2.
RNSAP DCH Procedures

3.
RNSAP DSCH [TDD- and USCH] Transport Channel Procedures

4.
RNSAP Common Transport Channel Procedures

5.
RNSAP Global Procedures

The Basic Mobility Procedures module contains procedures used to handle the mobility within UTRAN.

The DCH Procedures module contains procedures that are used to handle DCHs, DSCH and [TDD USCHs] between two RNSs. If procedures from this module are not used in a specific Iur, then the usage of DCH, DSCH and [TDD USCH] traffic between corresponding RNSs is not possible.

The Common Transport Channel Procedures module contains procedures that are used to control common transport channel data streams over Iur interface.

The Shared Channel Procedures module contains procedures that are used to shared transport channel data streams over Iur interface.

The Global Procedures module contains procedures that are not related to a specific UE. The procedures in this module are in contrast to the above modules involving two peer CRNCs.

6.3
User Plane Frame Protocols

6.3.1
Iub/Iur DCH Frame Protocol

There are two types of Iub/Iur DCH FP frames:

-
DCH data frame

-
DCH control frame

The contents of the Iub/Iur DCH data frame include:

-
Transport Block Sets

-
Quality estimate

The contents of the Iur DCH control frame include:

-
Measurement reports

-
Power control information

-
Synchronisation information

For a more detailed description of the Iur/Iub DCH frame protocol refer to 'UTRAN Iur & Iub Interface User Plane Protocol for DCH Data Streams' [1].

6.3.2
Iur DSCH Frame Protocol 

There are two types of Iur DSCH FP frames:

-
DSCH data frame

-
DSCH control frame

The contents of the Iur DSCH data frame include:

· Transport Block Sets

· Flow control Information

The contents of the Iur DSCH control frame include:

· Flow control Information

For a more detailed description of the Iur/Iub DCH frame protocol refer to 'UTRAN Iur Interface User Plane protocols for Common Transport Channel Data Streams' [2].
6.3.3
[TDD - Iur USCH Frame Protocol]

There is one type of Iur USCH FP frames:

-
USCH data frame

The contents of the Iur USCH data frame include:

-
Transport Block Sets

For a more detailed description of the Iur/Iub DCH frame protocol refer to 'UTRAN Iur Interface User Plane protocols for Common Transport Channel Data Streams' [2].

6.3.4
Iur RACH Frame Protocol

For a more detailed description of the Iur RACH framing protocol refer to 'UTRAN Iur Interface User Plane protocols for Common Transport Channel Data Streams' [2].

6.3.5
Iur FACH Frame Protocol

For a more detailed description of the Iur FACH framing protocol refer to 'UTRAN Iur Interface User Plane protocols for Common Transport Channel Data Streams' [2].

6.4
Mapping of Frame Protocols onto transport bearers

DCH
One Iur DCH data stream is carried on one transport bearer except in the case of co-ordinated DCHs in which case a set of co-ordinated DCHs are multiplexed onto the same transport bearer.
DSCH
One Iur DSCH data stream is carried on one transport bearer except in the case of co-ordinated DCHs in which case a set of co-ordinated DSCHs are multiplexed onto the same transport bearer.
[TDD USCH
One Iur USCH data stream is carried on one transport bearer except in the case of co-ordinated DCHs in which case a set of co-ordinated USCHs are multiplexed onto the same transport bearer.]
RACH
Multiple RACH data streams may be carried on one transport bearer.

FACH
Multiple FACH data streams may be carried on one transport bearer.

RACH and FACH data streams for one UE are carried on same transport bearer.

7
DRNS logical Model over Iur
7.1
Overview

The model in Figure 3. shows the Drift Radio Network System as seen from the SRNC. It is modelled as a «black box» with a set of Radio Links on the Uu side of the box and another set of User Plane access ports on the Iur side of the box. The Radio Links are connected to the Iur user ports via the internal transport mechanisms of the DRNS. Operations for controlling the connections between ports are sent from the SRNC to the DRNC via an Iur Control Plane port.
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Figure 3: Drift RNS Logical Model

7.2
Logical Model Elements

7.2.1
Radio Link

A Radio Link represents a User Plane access point on the UTRAN side of the Uu interface between the User Equipment and the UTRAN.

The semantics of a Radio Link include the following:

-
It is created, destroyed, and added by SRNC.

-
It can be attached to one or more Iur Data Ports at any given time.

-
Its resources are allocated and controlled by the DRNS.

7.2.2
Cell

It is defined by:

-
A Cell identifier.

The semantics of a Cell include the following:

-
It is created and destroyed by administrative procedures.

7.2.2
Iur DCH Data Port

One Iur DCH Data port represents one user plane transport bearer. One user plane transport bearer will carry only one DCH data stream except in the case of co-ordinated DCHs, in which case the data streams of all co-ordinated DCHs shall be multiplexed on one and the same user plane transport bearer.

The semantics of an Iur DCH Data Port include the following:

-
It is created and destroyed by administrative procedures when transport facilities are added to, or deleted from, the Iur interface between the SRNS and DRNS. It can also be created and destroyed dynamically using dynamically setup transport bearers to add or remove transport facilities.

-
It is assigned and released by the SRNC in reaction to requests for bearer services from the UE.

-
It may be attached to one or more Radio Links. When attached to Radio Links in the downlink direction, it acts as a point-to-multipoint connection for diversity transmission. When attached to multiple Radio Links in the uplink direction, it acts as a multipoint-to-point connection for diversity reception [FDD].

-
The transmit and receive diversity resources required to implement the point-to-multipoint and multipoint-to-point connections are controlled by the DRNS [FDD].

-
The Iur DCH Data Stream emanating from the Iur DCH Data Port terminates in the SRNS connected to DRNS.

7.2.3
Iur DSCH Data Port

One Iur DSCH Data port represents one bi-directional Iur user plane transport bearer. One Iur user plane transport bearer will carry only one DSCH data stream 

The semantics of an Iur DSCH Data Port include the following:

-
It is created and destroyed by administrative procedures when transport facilities are added to, or deleted from, the Iur interface between the SRNS and CRNS. It can also be created and destroyed dynamically using dynamically setup transport bearers to add or remove transport facilities.

-
It is assigned and released by the SRNC in reaction to requests for bearer services from the UE.

· The Iur DSCH Data Stream emanating from the Iur DSCH Data Port terminates in the SRNS connected to CRNS.
7.2.4
[TDD Iur USCH Data Port]
One Iur USCH Data port represents one bi-directional Iur user plane transport bearer. One Iur user plane transport bearer will carry only one USCH data stream 

The semantics of an Iur USCH Data Port include the following:

-
It is created and destroyed by administrative procedures when transport facilities are added to, or deleted from, the Iur interface between the SRNS and CRNS. It can also be created and destroyed dynamically using dynamically setup transport bearers to add or remove transport facilities.

-
It is assigned and released by the SRNC in reaction to requests for bearer services from the UE.

-
The Iur USCH Data Stream emanating from the Iur USCH Data Port terminates in the SRNS connected to CRNS.

7.2.5
Iur RACH/FACH Data Port

The Iur RACH/FACH data port represents a transport bearer and is identified with a transport bearer identity.

7.2.6
Iur Control Port

An Iur Control Port represents the Control Plane access point on the Iur interface between the SRNS and the DRNS. It is defined by:

-
A transport bearer channel identifier.

The semantics of an Iur Control Port include the following:

-
It is created via administrative procedures when the Iur interface is created.
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