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INTRODUCTION

Any UE which transmits UL information to a cell (Node B) also causes some interference to all adjacent cells.  This UL interference increases as a UE moves toward the cell edge where the UE increases UL transmit power to maintain radio link with the connected cell while decreasing the distance (path loss) to the adjacent cell which is being approached.  Since a CPCH uplink access and packet transmission may last for many frames, interference from a UE accessing CPCH at the cell edge may be significant.  This contribution describes a general technique which can be used to mitigate this interference for CPCH services.

DISCUSSION

In order to mitigate UL interference from CPCH users in the cell edge region, two steps are invoved.  The first step is to determine when a UE enters the cell edge region.  The second step is to limit the UE’s UL CPCH transmit power when in the cell edge region.   Since interference issues are a subset of the UTRAN’s RRC functions, it is proposed that UTRAN RNC be provided the with the capability to implement these two steps on a cell-by-cell and UE-by-UE basis.

An operational definition of “cell edge” may be made with respect to existing intra-frequency measurement quantities.  The cell edge region may thus be defined to be the region in which the downlink Ec/Io (or any of the other 3 defined measurment quantities) of the controlling cell CCPCH is less than N db greater than the Ec/Io of any other primary CCPCH.  The value of N would operationally define the size of the cell edge region, larger N would define larger cell edge region between any 2 cells.  N also is equivalent to the reporting range parameter defined in section 15.1 Intra-frequency measurements, of TS25.331, RRC Protocol Specification.

With this operational definition of cell edge,  UTRAN may configure any UE to trigger a measurement report when entering or leaving a cell edge region.  Reporting event 1A, a primary CCPCH enters the reporting range would signify entering a cell edge region defined by Ndb, where Ndb is the reporting range used in the measurement command from UTRAN to that UE.

Similarly,  reporting event 1B, a primary CCPCH leaves the reporting range would signify leaving a cell edge region defined by Ndb, where Ndb is the reporting range used in the measurement command from UTRAN to that UE.  By setting up triggered measurements for events 1A and 1B in any mobile UE which may be approaching the cell edge, UTRAN will be able to detect when the UE enters and exits the cell edge region.  This technique can be used to provide the first step for CPCH interference mitigation in the cell edge region.

The second step requires limiting the CPCH transmit power. Since CPCH UL packet transmission is performed with closed loop power control, transmit power is already minimized to achieve the target Ec/Io level (QOS) at the controlling cell.   The actual packet transmit power for any target Ec/Io level is dependant on the path loss, interference level at the controlling cell and the data rate of the transmitted packet.  The data rate of the controlling packet is the only parameter which can be changed at the UE to reduce UL transmit power and thus reduce interference at adjacent cells.  

CPCH channels are allocated in sets.  Each CPCH set may contain from 1 to 16 CPCH channels.  The CPCH set info which is broadcast on the BCH lists the detailed CPCH channel parameters which define each CPCH channel in the set.  The CPCH UL channelisation code implicitly defines the data rate for the CPCH channel.  The length of the code is inverseley related to the data rate on that channel: longer CPCH channelisation code implies lower data rate.  As defined in TS25.211, Physical Channels and the Mapping of Transport Channels onto Physical Channels,  the CPCH channels in a CPCH set may use one of five channel data rates: 960kbps (SF = 4), 480kbps (SF = 8), 240kbps (SF = 16), 120kbps (SF = 32), or 60kbps (SF = 64).  The spreading factor listed for each channel data rate is equal to the length of the CPCH UL channelisation code  which specifies each CPCH channel.  

In order to limit the cell edge interference from CPCH transmissions, it is proposed that UTRAN have the capability to limit the CPCH data rate of the UE in the cell edge region.  A new transport channel information element called MAX CPCH channel rate could optionally be transmitted to the UE.  If a UE received the MAX CPCH channel rate information element, the UE would only select CPCH channels from the assigned CPCH set if the channel rate were equal to or less then the MAX value specified in this new information element. 

PROPOSAL

A.  The following changes should be incorporated into the latest version of TS25.331, RRC Protocol Specification.

New optional information element, Max CPCH channel rate, to be added to the TrCH information elements list in the following messages:

1. RRC connection setup

2. RAB reconfiguration

3. RAB release (for reconfigured or added transport channels only)

4. RAB setup

5. Transport channel reconfiguration

Example shown here is for RRC  connection setup message.  Similar changes to be included in other 4 messages.

10.1.4.7 RRC CONNECTION SETUP

This message is used by the network to accept the establishment of an RRC connection for an UE, including assignment of  signalling link information, transport channel information and optionally physical channel information.

RLC-SAP: t.b.d. 

Logical channel: CCCH

Direction: UTRAN ( UE

Information element category
 Information elements 
REFERENCE
TYPE
NOTE


Message Type

M








UE information elements
Initial UE identity

M
FFS whether conveyed on RRC or MAC.








S-RNTI
 
M



SRNC identity

M



C-RNTI

O
Only if assigned to a common transport channel


Activation time

O








RAB information elements
RAB identity

M
Indicates the signalling link








Signalling link type

M









RAB multiplexing info

M
For the signalling link







TrCH information elements
TFCS

O
Uplink TFCS








TFCS

O
Downlink TFCS








TFC subset

O









Transport channel identity

M
For each new transport channel
Uplink transport channels


TFS

M




Max CPCH channel rate

O
















Transport channel identity

M
For each new transport channel
Downlink transport channels


TFS

M
















PhyCH information elements
Frequency info

O









Uplink DPCH power control info

O









Uplink DPCH info

O
Maximum one of these
Uplink radio resources


PRACH info

O




Uplink timeslot info

O










Primary CCPCH info

O
For each radio link
Downlink radio resources


Downlink DPCH info

O




Secondary CCPCH info

O




Downlink timeslot info

O
Note 1









SSDT indicator

O
Necessity is FFS








Gated Transmission Control info

O
FFS













Note 1: It is assumed that the DL timeslot configuration is the same for all radio links, whether or not macro-diversity is supported for TDD.
B.  The following change should be incorporated into the latest version of TS25.321, MAC Protocol Specification.

8.3.1 Primitives
The primitives between MAC and RRC are shown in Table 8.3.1

Generic Name
Type



Parameters


Request
Indication
Response
Confirm


CMAC-CONFIG
X



UE information elements

RAB information elements

TrCH information elements

RACH transmission control elements

Ciphering elements

CPCH transmission control elements








CMAC-MEASUREMENT
X
X


Measurement information elements



CMAC-STATUS

X


Status info.








Table 8.3.1  Primitives between MAC sub-layer and RRC
CMAC-CONFIG-Req

· CMAC-CONFIG-Req is used to request for setup, release and configuration of a logical channel, e.g. RNTI allocation, the switching the connection between logical channels and transport channels, TFCS update or scheduling priority of logical channel.

CMAC-MEASUREMENT-Req/Ind

· CMAC-MEASUREMENT-Req is used by RRC to request MAC to perform measurements, e.g. traffic volume measurement. 

· CMAC-MEASUREMENT-Ind is used to notify RRC of the measurement result.

CMAC-STATUS-Ind
· CMAC-STATUS-Ind primitive notifies RRC of status  information.

8.3.2 Parameters

See 25.331 for a detailed description of the UE, RAB and TrCH information elements.
a) UE information elements
S-RNTI
SRNC identity
C-RNTI
Activation time


b) RAB information elements
RAB multiplexing info (Transport channel identity, Logical channel identity, MAC logical channel priority)


c) TrCH information elements
Transport Format Combination Set 


d) Measurement information elements
(Details are ffs)
 

e) Status info

Maximum number of preamble ramping cycles reached


f) RACH transmission control elements 
Persistence value P
Maximum number of preamble ramping cycles Mmax
Others  (ffs., e.g. minimum and maximum number of time units between two preamble ramping cycles)


g) Ciphering elements
Ciphering mode
Ciphering key
Ciphering sequence number


h) CPCH  transmission control elements

CPCH persistency value

CPCH channel data rate (implicit in the UL channelisation code)

NFmax (Max packet length in frames)
Max CPCH channel rate 
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