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1. Introduction 

In FDD mode, compressed mode is used for inter-frequency and inter-system measurements, since the transmission in the physical channels in FDD are continuous. But for 1.28Mcps TDD, the transmissions are discontinuous, so some time slots which have no data traffic can be used for monitoring GSM. However, the current Rel-4 specification may not reserve enough time for each inter-RAT measurement. This may cause the relatively long measurement time and may result in the increase of terminal power consumption or a call drop in case that UE is located at handover region. The study item “Improvement of inter-frequency and inter-system measurements” was approved at the last RAN meeting #14 in order to improve the measurement feature in 1.28Mcps TDD [1].

In this contribution, we introduce a channel re-assigning method, which was proposed in the last RAN WG1 meeting [2], in order to acquire more enough consecutive idle time slots for monitoring an inter-RAT system and investigate signaling impact of the channel re-assigning method on WG3 specifications. 

2. Inter-RAT measurement method

2.1 Conventional method
In TS 25.225 Annex A.2 [3], it suggests that using idle time slots for monitoring GSM is an option, and simulation results of synchronization time in some cases are given. For a single synthesizer UE uses only one uplink and one downlink slot, e.g. for voice service, referring Figure 1. The gray colored time slots are active time slots, and the other time slots are idle time slots for measurement. UE is not in transmission or reception state during 5 slots in each frame. According to the timeslot numbers allocated to the traffic, this period can be split into two continuous idle intervals A and B as shown in the Figure 1.
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Figure 1. Possible idle periods in a sub-frame with two occupied traffic timeslots 
without channel swapping
Measurement time A is defined as the number of idle slots between the Tx and Rx slots and measurement time B the number of idle slots between the Rx and Tx slots. It is clear that A+B = the sum of 5 time slots and DwPTS+GP+UpPTS.
2.2 Proposed method: Channel Re-assigning Scheme
A channel re-assigning method was proposed to achieve more consecutive time slots for inter-RAT measurement. For low data rate traffic with only 1 uplink channel and 1 downlink channel, a channel re-assigning method can operate like this: 
· A number of uplink and downlink channels at switching points are reserved for handover measurement. But the reserved channels can be used for traffic channels when all other channels are being used. It is very scarce that the channel utilization is higher than, for instance, 0.9. Thus, we can reserve 10 % of the total resource with small impact on traffic channel allocation.

· When an inter-RAT measurement is necessary, uplink/downlink traffic channel for the UE is switched to the reserved uplink timeslots, i.e. in case of frame pattern A in Figure 2 to the time slots at the second switching point and in case of frame pattern B to those at the first switching point. Hence, in the case of frame pattern A in Figure 2 all the idle time slots from the end of the timeslot just after the second switching point in the even sub-frame to the beginning of the timeslot just before the second switching point in the odd sub-frame can be utilized for tracking FCCH burst or FCCH and SCH bursts of GSM frame concurrently or other RAT system. Note that the second switching point in every sub-frame does not need to be fixed. It is observed that the sum of 5 time slots and DwPTS+GP+UpPTS can be used for monitoring an inter-RAT system in case of frame pattern A and sequential 5 time slots in case of frame pattern B.
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Figure 2. Measurement time by using proposed channel re-assigning method 

during inter-RAT measurement
3. Impact on WG3 specification
To support the channel re-assigning method for inter-RAT measurement, we propose to use a signaling method in a similar manner to signaling for compressed mode. These kinds of signaling procedure can avoid unnecessary signaling overheads in a similar manner to the case of compressed mode. As shown in Figure 3, indexed channel re-assigning information sets such as measurement period, physical channel information (frame patterns: codes and time slots for each uplink/downlink channel) and duration time are given to the UE when a Radio Link Setup procedure is executed. Thereafter, SRNC transmits RADIO LINK RECONFIGURATION PREPARE message with re-assigned channel index. On receiving RADIO LINK RECONFIGURATION READY message from Node B, the SRNC transmits RADIO LINK RECONFIGURATION COMMIT message only with activation time, that is, CFN. At the calculated time from the activation time in RADIO LINK RECONFIGURATION COMMIT message, Node B reconfigures physical channel according to the indicated channel re-assigning information and restores the physical channel automatically after the duration time in the indicated information. This kind of indexed channel re-assigning information can be optimized for each type of inter-RAT measurements.

In this contribution, the detailed RRC signaling method is not described because solution of RRC signaling should be discussed in RAN2.

In the proposed signaling method, the following parameters are defined:

-
Measurement Period Sequence Connection Frame Number (MPSCFN): means starting point of measurement pattern sequence for Inter-RAT measurement.

-
Measurement Period (MP): means a period where UL/DL time slots and codes are re-assigned for Inter-RAT measurement.

· Measurement Period Interval (MPI): means an interval between consecutive MPs.

    Originally assigned time slots and codes are used during the interval.

-
Measurement Pattern (MPattern): means one or more than one of ‘MP plus MPI’s.

-
MPattern Repetition Number (MPRN): means the number of MPattern repetition for Inter-RAT measurement.
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Figure 3: Proposed inter-RAT measurement procedure
Figure 4 shows measurement pattern sequences for inter-RAT measurement in 1.28Mcps TDD system. One inter-RAT measurement is composed of MPRN times of MPattern repetition. Each MPattern is composed of MP and MPI. In each MP UL/DL time slots and codes are re-assigned to enlarge the actual measurement periods.
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Figure 4: Measurements pattern sequence for inter-RAT measurement.
The followings are the needed information that should be transmitted from SRNC to Node B

· RADIO LINK SETUP REQUEST

· Physical channel information (UL/DL OVSF code and time slot that is reserved)

· Duration time

· RADIO LINK RECONFIGURATION PREPARE

· Index of channel re-assignment, that is , Measurement Pattern Sequence Identifier

· RADIO LINK RECONFIGURATION COMMIT

· Activation time, that is, CFN

9.1.36
RADIO LINK SETUP REQUEST

9.1.36.2
TDD message

IE/Group Name
Presence
Range
IE type and reference
Semantics description
Criticality
Assigned Criticality

Message Discriminator
M

9.2.1.45

–


Message Type
M

9.2.1.46

YES
reject

CRNC Communication Context ID
M

9.2.1.18
The reserved value “All CRNCCC” shall not be used.
YES
reject

Transaction ID
M

9.2.1.62

–


UL CCTrCH Information

0 to <maxno CCTrCH>


EACH
notify

>CCTrCH ID
M

9.2.3.3

–


>TFCS
M

9.2.1.58

–


>TFCI Coding
M

9.2.3.22

–


>Puncture Limit
M

9.2.1.50

–


> UL SIR Target
O

UL SIR

9.2.1.67A
Mandatory for 1.28Mcps TDD; not applicable for 3.84Mcps TDD
YES
reject

>UL DPCH Information

0..1

For 3.84Mcps TDD only
YES
notify

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>UL Timeslot Information
M

9.2.3.26C

–


>UL DPCH Information LCR

0..1

For 1.28Mcps TDD only
YES
notify

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>UL Timeslot Information LCR
M

9.2.3.26E

–


DL CCTrCH Information

0 to <maxno CCTrCH>


EACH
notify

>CCTrCH ID
M

9.2.3.3

–


>TFCS
M

9.2.1.58

–


>TFCI Coding
M

9.2.3.22

–


>Puncture Limit
M

9.2.1.50

–


>TDD TPC DL Step Size
M

9.2.3.21




>TPC CCTrCH List

0 to <maxnoCCTrCH>

List of uplink CCTrCH which provide TPC
–


>>TPC CCTrCH ID 
M

CCTrCH ID

9.2.3.3

–


>DL DPCH information

0..1

For 3.84Mcps TDD only
YES
notify

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>DL Timeslot Information
M

9.2.3.4E

–


>DL DPCH information LCR

0..1

For 1.28Mcps TDD only
YES
notify

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>DL Timeslot Information LCR
M

9.2.3.4O

–


>>TSTD Indicator
M

9.2.1.64

–


DCH Information
O

DCH TDD Information 9.2.3.4C

YES
reject

DSCH Information
O

DSCH TDD Information 9.2.3.5A

YES
reject

USCH Information
O

9.2.3.28

YES
reject

DPCH Swapping Information
O

9.2.3.xx
For 1.28Mcps TDD only
YES
Ignore

RL Information

1


YES
reject

>RL ID
M

9.2.1.53

–


>C-ID
M

9.2.1.9

–


>Frame Offset
M

9.2.1.31

–


>Special Burst Scheduling
M

9.2.3.18A

–


>Initial DL transmission Power
M

DL Power

9.2.1.21
Initial power on DPCH
–


>Maximum DL power
M

DL Power

9.2.1.21
Maximum allowed power on DPCH
–


>Minimum DL power
M

DL Power

9.2.1.21
Minimum allowed power on DPCH
–


>DL Time Slot ISCP Info
O

9.2.3.4F
For 3.84Mcps TDD only
–


>DL Time Slot ISCP Info LCR
O

9.2.3.40A
For 1.28Mcps TDD only
YES
reject

Range bound
Explanation

MaxnoCCTrCH
Number of CCTrCH for one UE.

9.2.3.xx
DPCH Swapping Information

The DPCH Swapping Information IE provides information for slot patterns of DPCH to be established.
IE/Group Name
Presence
Range
IE type and reference
Semantics descriptions
Criticality
Assigned Criticality

Measurement pattern sequence

1 ..  <MaxnoofMPS>


–


>MPSI
M

Integer(1.. MaxnoofMPS)
Measurement Pattern Sequence Identifier
–


>DT
M

Integer (0..255)
Duration Time of correspoding Measurement Pattern



>MPSCFN
C-Active

Integer (0..255)
Connection Frame Number of the first frame of the first pattern within the Measurement Pattern Sequence.



>Measurement pattern sequence configuration parameters
O



–


>>MPSP
M

Enumerated(TDD measurement, FDD measurement, GSM carrier RSSI measurement, GSM Initial BSIC identification, GSM BSIC re-confirmation, Multi-carrier measurement)
Measurement Pattern Sequence Purpose
–


>>MPRN
M

Integer (1..511,…)
The Repetition Number of Measurement Pattern within the Measurement Pattern Sequence
–


>>MPL
M

Integer (1..64)
Measurement Period Length.
–


>>MPIL
M

Integer (0..1023)
Measurement Period Interval Length
–


>> DL Timeslot Information LCR
M

9.2.3.4O
For Measurement Period only
–


>> UL Timeslot Information LCR
M

9.2.3.26E
For Measurement Period only
–


Condition
Explanation

Active
This IE shall be present when the IE "Active Pattern Sequence Information" exists.

Range bound
Explanation

MaxnoofMPS
Maximum number of Measurement Pattern Sequences

9.1.42
RADIO LINK RECONFIGURATION PREPARE

9.1.42.2
TDD Message
IE/Group Name
Presence
Range
IE Type and Reference
Semantic Description
Criticality
Assigned Criticality

Message Discriminator
M

9.2.1.45

–


Message Type
M

9.2.1.46

YES
reject

Node B Communication Context ID
M

9.2.1.48
The reserved value “All NBCC” shall not be used.
YES
reject

Transaction ID 
M

9.2.1.62

–


UL CCTrCH to Add

0.. <maxnoof CCTrCHs>


GLOBAL
reject

>CCTrCH ID
M

9.2.3.3

–


>TFCS
M

9.2.1.58

–


>TFCI Coding
M

9.2.3.22

–


>Puncture Limit
M

9.2.1.50

–


> UL SIR Target
O

UL SIR

9.2.1.67A
Mandatory for 1.28Mcps TDD; not applicable for 3.84Mcps TDD
YES
reject

>UL DPCH Information

0..1

For 3.84Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>UL Timeslot Information
M

9.2.3.26C

–


>UL DPCH Information LCR

0..1

For 1.28Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>UL Timeslot Information LCR
M

9.2.3.26E

–


UL CCTrCH to Modify

0.. <maxnoof CCTrCHs>


GLOBAL
reject

>CCTrCH ID
M

9.2.3.3

–


>TFCS
O

9.2.1.58

–


>TFCI Coding
O

9.2.3.22

–


>Puncture Limit
O

9.2.1.50

–


> UL SIR Target
O

UL SIR

9.2.1.67A
For 1.28Mcps TDD only
YES
reject

>UL DPCH to add

0..1

For 3.84Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>UL Timeslot Information
M

9.2.3.26C

–


> MPSI
O

Integer(1.. MaxnoofMPS)
For 1.28Mcps TDD only
YES
Ignore

>UL DPCH to modify

0..1


YES
reject

>>Repetition Period
O

9.2.3.16

–


>>Repetition Length
O

9.2.3.15

–


>>TDD DPCH Offset
O

9.2.3.19A

–


>>UL Timeslot Information

0 to <maxnoofULts>

For 3.84Mcps TDD only
–


>>>Time Slot
M

9.2.3.23

–


>>>Midamble Shift and Burst Type
O

9.2.3.7

–


>>>TFCI Presence
O

9.2.1.57

–


>>>UL Code Information

0 to <maxnoOfDPCH>


–


>>>>DPCH ID
M

9.2.3.5

–


>>>>TDD Channelisation Code
O

9.2.3.19

–


>>UL Timeslot Information LCR

0 to <MaxnoofULtsLCR>

For 1.28Mcps TDD only
GLOBAL
reject

>>>Time Slot LCR
M

9.2.3.24A

–


>>>Midamble shift LCR
O

9.2.3.7A




>>>TFCI Presence
O

9.2.1.57

–


>>>UL Code Information LCR

0 to <maxnoOfDPCHLCR>


–


>>>>DPCH ID
M

9.2.3.5

–


>>>>TDD Channelisation Code LCR
O

9.2.3.19a

–


>UL DPCH to delete

0.. <maxnoof DPCHs>


GLOBAL
reject

>>DPCH ID
M

9.2.3.5

–


>UL DPCH to add LCR

0..1

For 1.28Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>UL Timeslot Information LCR
M

9.2.3.26E

–


UL CCTrCH to Delete

0.. <maxnoof CCTrCHs>


GLOBAL
reject

>CCTrCH ID
M

9.2.3.3

–


DL CCTrCH to Add

0.. <maxnoof CCTrCHs>


GLOBAL
reject

>CCTrCH ID
M

9.2.3.3

–


>TFCS
M

9.2.1.58

–


>TFCI Coding
M

9.2.3.22

–


>PunctureLimit
M

9.2.1.50

–


>TPC CCTrCH List

0 to <maxnoCCTrCHs>

List of uplink CCTrCH which provide TPC
–


>>TPC CCTrCH ID 
M

CCTrCH ID

9.2.3.3

–


>DL DPCH Information

0..1

For 3.84Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>DL Timeslot Information
M

9.2.3.4E

–


>DL DPCH Information LCR

0..1

For 1.28Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>DL Timeslot Information LCR
M

9.2.3.4O

–


DL CCTrCH to Modify

0.. <maxnoof CCTrCHs>


GLOBAL
reject

>CCTrCH ID
M

9.2.3.3.

–


>TFCS
O

9.2.1.58

–


>TFCI Coding
O

9.2.3.22

–


>PunctureLimit
O

9.2.1.50

–


>TPC CCTrCH List

0 to <maxnoCCTrCHs>

List of uplink CCTrCH which provide TPC
–


>>TPC CCTrCH ID 
M

CCTrCH ID

9.2.3.3

–


>DL DPCH to add

0..1

For 3.84Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>DL Timeslot Information
M

9.2.3.4E

–


> MPSI
O

Integer(1.. MaxnoofMPS)
For 1.28Mcps TDD only
YES
Ignore

>DL DPCH to modify

0..1


YES
reject

>>Repetition Period
O

9.2.3.16

–


>>Repetition Length
O

9.2.3.15

–


>>TDD DPCH Offset
O

9.2.3.19A

–


>>DL Timeslot Information

0 .. <maxnoofDLts>

For 3.84Mcps TDD only
–


>>>Time Slot
M

9.2.3.23

–


>>>Midamble Shift and Burst Type
O

9.2.3.7

–


>>>TFCI Presence
O

9.2.1.57

–


>>>DL Code Information

0 .. <maxnoOfDPCH>


–


>>>>DPCH ID
M

9.2.3.5

–


>>>>TDD Channelisation Code
O

9.2.3.19

–


>>DL Timeslot Information LCR

0 .. <MaxnoofDLtsLCR>

For 1.28Mcps TDD only
GLOBAL
reject

>>>Time Slot LCR
M

9.2.3.24A

–


>>>Midamble shift LCR
O

9.2.3.7A




>>>TFCI Presence
O

9.2.1.57

–


>>>DL Code Information LCR

0 .. <maxnoOfDPCHLCRs>


–


>>>>DPCH ID
M

9.2.3.5

–


>>>>TDD Channelisation Code LCR
O

9.2.3.19a

–


>DL DPCH to delete

0.. <maxnoof DPCHs>


GLOBAL
reject

>>DPCH ID
M

9.2.3.5

–


>DL DPCH to add LCR

0..1

For 1.28Mcps TDD only
YES
reject

>>Repetition Period
M

9.2.3.16

–


>>Repetition Length
M

9.2.3.15

–


>>TDD DPCH Offset
M

9.2.3.19A

–


>>DL Timeslot Information LCR
M

9.2.3.4O

–


DL CCTrCH to Delete

0.. <maxnoof CCTrCHs>


GLOBAL
reject

>CCTrCH ID
M

9.2.3.3

–


DCHs to Modify
O

DCHs TDD to Modify 9.2.3.4D

YES
reject

DCHs to Add
O

DCH TDD Information 9.2.3.4C

YES
reject

DCHs to Delete

0..<maxnoofDCHs>


GLOBAL
reject

>DCH ID
M

9.2.1.20

–


DSCH Information to modify

0 .. <Maxnoof DSCHs>


GLOBAL
reject

>DSCH ID
M

9.2.1.27

–


>CCTrCH ID
O

9.2.3.3
DL CCTrCH in which the DSCH is mapped
–


>Transport Format Set
O

9.2.1.59

–


>Allocation/Retention Priority
O

9.2.1.1A

–


>Frame Handling Priority
O

9.2.1.30

–


>ToAWS
O

9.2.1.61

–


>ToAWE
O

9.2.1.60

–


>Transport Bearer Request
   Indicator
M

9.2.1.62A

–


DSCH Information to add
O

DSCH TDD Information 9.2.3.5A

YES
reject

DSCH Information to delete

0 .. <Maxnoof DSCHs>


GLOBAL
reject

>DSCH ID
M

9.2.1.27

–


USCH Information to modify

0 .. <Maxnoof USCHs>


GLOBAL
reject

>USCH ID
M

9.2.3.27

–


>Transport Format Set
O

9.2.1.59

–


> Allocation/Retention Priority
O

9.2.1.1A

–


>CCTrCH ID
O

9.2.3.2
UL CCTrCH in which the USCH is mapped
–


>Transport Bearer Request
   Indicator
M

9.2.1.62A

–


USCH Information to add
O

USCH Information 9.2.3.28

YES
reject

USCH Information to delete

0 .. <Maxnoof USCHs>


GLOBAL
reject

>USCH ID
M

9.2.3.27

–


RL Information

0..1


YES
reject

>RL ID
M

9.2.1.53

–


>Maximum Downlink Power 
O

DL Power
9.2.1.21
Maximum allowed power on DPCH
–


>Minimum Downlink Power 
O

DL Power
9.2.1.21
Minimum allowed power on DPCH
–


>Initial DL transmission Power
O

DL Power
9.2.1.21
Initial power on DPCH
YES
ignore

Range Bound
Explanation

MaxnoofDCHs
Maximum number of DCHs for a UE.

MaxnoofCCTrCHs
Maximum number of CCTrCHs for a UE.

Maxnoof DPCHs
Maximum number of DPCHs in one CCTrCH for 3.84Mcps TDD.

MaxnoOfDPCHLCRs
Maximum number of DPCHs in one CCTrCH for 1.28Mcps TDD.

MaxnoofDSCHs
Maximum number of DSCHs for one UE

MaxnoofUSCHs
Maximum number of USCHs for one UE

MaxnoofDLts
Maximum number of Downlink time slots per Radio Link for 3.84Mcps TDD.

MaxnoofDLtsLCR
Maximum number of Downlink time slots per Radio Link for 1.28Mcps TDD.

MaxnoofULts
Maximum number of Uplink time slots per Radio Link for 3.84Mcps TDD.

MaxnoofULtsLCR
Maximum number of Uplink time slots per Radio Link for 1.28Mcps TDD.

Conclusion
In this contribution, to enhance an inter-RAT measurement for 1.28Mcps TDD, we proposed signaling procedure for the channel re-assigning method in a similar manner to compressed mode. 
Finally, it is proposed to include the introduced solutions into the study area of the corresponding TR as possible candidate solution for further discussion.
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