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Introduction

The following is a proposed text input for Section 5.1 of the Power Control Enhancements technical report [1].
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5 Details of Proposed Enhancements for UTRA TDD 
5.1 Multilevel SIR Difference Method

In UTRA system downlink (DL) power control of dedicated channels is based on closed loop after initial phase, when DL power is set by network. On top of this inner loop there is quality based outer loop. One major difference between UTRA TDD and UTRA FDD power control is that TDD handles the power control at coded composite transport channel level to allow flexibility in the up and down link allocation and save on the transmission in the uplink compared to UTRA FDD. The drawback of this method is that the feed back rate is reduced to100 Hz (once per frame) for 3.84 Mcps TDD compared to 1500 Hz (once per slot) for UTRA FDD.

The performance degradation due to this slower rate of power control can be compensated with a judicious choice of the power control step sizes, improved signalling and other small modifications of the current scheme..
As the downlink power control of the UTRA TDD dedicated channel is based on the UE indicating the need of variation of transmission power by signalling in the uplink, best power control could be achieved if the UE signals the SIR difference between received and desired SIR values and lets the base station apply the difference value at the next downlink transmission. This SIR difference scheme is not an ideal method due to the delay in applying the value, but can be used as a reference point for optimum step size selection for downlink power control. 

To make this method more suitable for physical layer signalling, the UE signals a TPC bit pattern based on the measured SIR difference. This scheme proposes to utilise all the possible patterns of the 2 bit TPC field to signal the observed SIR difference. The UTRAN makes a decision on the step sizes after receiving the TPC command pattern and then may choose to adjust the transmission power.

The advantage of this scheme is that it allows the UTRAN to use more appropriate step sizes in the downlink and better match the various channel profiles. 

5.1.1
Overview of Proposed Enhancement

In the SIR difference method, all the four possible bit patterns for the 2 bit TPC field are used to signal the SIR difference value. The TPC bits are used to signal SIR difference without any error correction unlike the Release 4 scheme which uses repetition coding. When the UE has measured the difference between the received SIR and desired SIR, it uses thresholds to decide on the corresponding two bit pattern for signalling. The threshold values used in the UE are derived from the quality target value and optimised for the channel conditions experienced by the UE as the selected TPC step size characterises the channel behaviour. This does not require any additional signalling from the RRC and the Release 4 signalling can be used.

When the UTRAN receives the signalled SIR difference it can decide what step sizes should be used for each signalled value. Selected step sizes depend on the used thresholds in UE side, but corresponding signal values and step sizes are defined in separate tables to give extra flexibility for step size selection process at UTRAN. The step sizes chosen by the UTRAN need not equal the RRC signalled value, but the UTRAN can choose to utilise any value it chooses based upon the measurements available to it. The step sizes for the “UP” and the “DOWN” commands can also be chosen independently from each other.

It is possible that the proposed scheme does not provide gain over the Release 4 scheme in certain environments where there is high uplink BER. It should therefore be at the discretion of the UTRAN whether to enable and disable this scheme.This is accomplished by higher layer signalling to the UE informing it if this advanced power control scheme is being applied in its current cell.

The signalling to inform the UE of the power control scheme used in the cell is achieved using higher layer signalling using SIB 14 that is reserved for TDD operation. System Information Block 14 (SIB 14) contains parameters for common and dedicated physical channel outer loop power control to be used in both idle and connected mode. 

5.1.2
Features

The principal features of this proposed scheme are the following –

· Multiple thresholds in the UE to check the quality of the measured SIR with the desired SIR value (SIRtarget ). These threshold values are internally derived in the UE.. The signalled BLER target and TPC step size from the RNC via RRC signalling may be used to derive the threshold values at the UE.

· Maximum four possible reported TPC bit patterns each corresponding to a particular result of the SIR comparison

· Multiple UTRAN step sizes with each one corresponding to one TPC bit pattern. The step sizes decided in the UTRAN are optimised for the channel conditions experienced by the UE and are based on various measurement information available at the UTRAN

· Additional UTRAN signalling to inform UE’s of the power control scheme employed in the cell so that the UE can use the correct TPC reporting scheme. A trigger field in SIB 14 is used to inform whether SIR difference method and both 2 bits of the TPC field are used for TPC command.

The following table describes the mapping between the TPC bit patterns and the Node B step sizes in more detail. It is to be noted the step sizes labelled “1” are larger than step sizes labelled “2”.

Table 1 : TPC Bit Pattern and UTRAN Step Size

	Received TPC Command
	Node B Step Size

	00
	DOWN step Size 1

	01
	DOWN step Size 2

	10
	UP step Size 2

	11
	UP step Size 1


5.1.3
Evaluation and Benefits

The following sections describe the used simulation environment and the simulation results for this proposed power control scheme.

5.1.3.1 Simulation Assumptions

5.1.3.1.1
Propagation Model

The indoor path loss model expressed in dB is in the following form, which is derived from the COST 231 indoor model -
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where R represents transmitter-receiver separation given in meters, kwi denotes number of penetrated walls of type i, Lwi is loss of wall type i and n is number of penetrated floors. One type of internal walls are considered with a loss factor of 6.9 dB.

Total attenuation between base station and a mobile station is Lpico + Lfast +Lslow where Lpico is the pathloss and Lslow is the slow shadow fading and Lfast is the fast fading.

5.1.3.1.2
Mobility Model

Indoor mobility model is used and parameters are set according to UMTS 30.03. Mobile speed is 1.0 m/s and ratio of mobiles in office rooms is 80 %. Mean stationary time in office rooms is 30 seconds.

5.1.3.1.3
Simulation Environment

The simulated scenario was indoor environment that is presented earlier. Minimum coupling loss between different transmitters and receivers was assumed to be –38 dB. Slow fading was assumed to be uncorrelated between sites. Slow fading deviation of 6 dB was used. Correlation of 5 meters was assumed for the slow fading process. The used channel model was Case 1 given in the WG4 specifications. In this model the channel has two Rayleigh faded taps, one of which is delayed by 976 ns and attenuated by 10 dB. 

5.1.3.1.4 
Assumed Frame Structure

One frame is 10 milliseconds long and composed of 15 timeslots of which 7 slots are allocated for uplink and 7 slots for downlink. One slot is used for PCCPCH and it is same in all base stations. In Table 2 is presented the slot allocation table. P corresponds to the PCCPCH slot, U to uplink slot and D is downlink slot. 

It is assumed that there was no additional delay in TPC command generation in the UE nor in applying the change in the transmit power at the BS i.e. UE is able to transmit TPC command to BS in the next active uplink slot and the BS is able to apply the change in transmit power in next active downlink slot. 

Table 2 : Frame Structure
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	P
	U
	U
	U
	U
	U
	U
	U
	D
	D
	D
	D
	D
	D
	D


5.1.3.1.5
Intra-Cell Interference
MUD receivers were assumed both in the uplink and the downlink. In the uplink MUD factor was set to 0.9, which means that 90 percent of intra-cell interference is cancelled. 

5.1.3.2
Simulation Scenario

The simulations are conducted in the indoor environment consisting of four base stations as shown in Figure 1. Base station positions are not optimized and they are placed in symmetrical positions close to office rooms so that there are walls between base stations to reduce inter-cell interference. Pathloss map of the simulation area is presented in Figure 2.The simulated service is 12.2 kbps circuit switched service with voice activity of 100 %.
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Figure 1 : Indoor model with four base stations
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  Figure 2 : Path Loss Model for simulation scenario

5.1.3.3
Simulation Metric

The performance of the network was measured by the rate of satisfied calls. This is defined as
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where Ngood, Nend, Nblock and Ndrop are the numbers of good, ended, blocked and dropped calls. In the simulations, only the calls, which start and end during the simulation time horizon are considered, the number of which is Nend. Once a call ends it is classified as a good/bad quality call or a dropped call. In these simulations an ended call was considered as a bad quality call if more than 2 percent of the transmitted frames were erroneous. Otherwise it was considered as a good quality call. Dropping of a call was done after 50 consecutive erroneous frames. Blocked calls are those that are not served at all due to the unavailable resources.

5.1.3.4 Simulated Service

The simulated service considered was the 12.2 kbps speech bearer in WG4 case 1 channel conditions as per the WG1 requirements specified in [2]. 

5.1.3.5 SIR Error Modelling

SIR estimation is modelled so that a bias and normally distributed error is added to the true SIR value. These parameters were defined experimentally with a link-level implementation for fading channel conditions. The results are depicted in Figure 3, which shows how true SIR values relate to the estimated SIR values: the lower is the true SIR, the higher is the bias and standard deviation for the error. 
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Figure 3 : SIR estimate as a function of ideal SIR value

5.1.3.6
Simulation Results

The realistic TPC BER value for the considered service are derived from the corresponding ones for the Release 4 scheme after taking into account the absence of the repetition coding. System simulation results comparing the proposed scheme and the Release 4 solution at comparable TPC BER values are then presented.

In the Release 4 scheme, there is a QPSK TPC symbol for every TPC bit, so the TPC advantage is 3 dB from the repetition coding. In Figure 4and Figure 5 below uplink BLER and BER plots for 12.2 WG4 reference channel in Case 1 multipath conditions are shown. At 1% BLER the Îor/Ioc is about 3.4 dB. Since there are two raw TPC bits combined into TPC bit, the Îor/Ioc must be increased by 3 dB for TPC bits. From Figure 5 the raw BER at 3.4 dB can be seen to be about 2% for the proposed 2 bit asymmetric scheme. Adjusting by 3 dB yields an equivalent TPC BER of approximately 0.6% for the current scheme.
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 Figure 4 : UL 12.2kbps MMSE-BLE MUD BLER vs. measured Îor/Ioc in WG4 Case
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 Figure 5 : UL 12.2kbps MMSE-BLE MUD BER vs. measured Îor/Ioc in WG4 Case I.

System simulations were performed with 0.6% TPC BER for current Release 4 TPC scheme and compared to proposed scheme in with 2% TPC BER. Also the impact of the UE SIR measurement error was taken into account in these simulations. The step sizes chosen are shown in the following table.
Table 3 : UTRAN Step Sizes for System Simulations

	          TPC Scheme
	        Step Size (UP)
	      Step Size (DOWN)

	   Release 4 Symmetric
	                     1
	                     1

	   Release 4 Symmetric
	                     3
	                     3

	   Proposed Multilevel
	                  2 , 4                
	                  1 , 3              


The threshold used in the simulations was (2 dB for the larger step.

The system capacity difference between 1 dB symmetric, 3 dB symmetric and 2-bit asymmetrical scheme as demonstrated in the simulations is presented in Figure 6. 

[image: image8.png]3-3 2Bits

TPC step scheme

1-1

1.6

14

I
o~ — © ©

- o (=]
3je. paysnes 9 g6 Je Ajoeded wajsh

=
S
s

0.2r-




Figure 6 : System capacity at 98% satisfied rate at WG4 reference channel operation point for 12.2 kbps. For current scheme 0.6% TPC BER is used and for 2-bit scheme 2% TPC BER is used. SIR measurement error is taken into account in these simulations
The system level simulations show the gain of the proposed scheme to be 16% compared to 3 dB step size Release 4 scheme. This system gain is significant in the presence of SIR measurement error and thus it can be concluded that the proposed scheme provides gain over the Release 4 scheme in the considered environment.

5.1.4 Proposed Changes with respect to Release 5

This section  contains the necessary changes to the 3GPP Release 5 specifications that will be needed if this proposed power control improvement were to be accepted. It is expected that the CR’s for the specifications can be drafted from text present here.

5.1.4.1


Changes to TS 25.331

This section contains the required changes for RRC signalling with respect to Rel5 TS 25.331.

5.1.4.1.1
New description for SIB 14

This system information block type is used only in 3.84 Mcps TDD.

The UE should store all relevant IEs included in this system information block. The UE shall:

1> use the IE "UL Timeslot Interference" to calculate PRACH, DPCH and PUSCH transmit power for TDD uplink open loop power control as defined in subclause 8.5.7.

2> use the IE "Trigger Field" information to choose the correct TPC reporting scheme as specified in [Here should be the right 25.331 reference number to point to corresponding WG1 specification]
5.1.4.1.1
New SIB 14

NOTE:
Only for 3.84 Mcps TDD.

The system information block type 14 contains parameters for common and dedicated physical channel uplink outer loop power control information to be used in both idle and connected mode.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	PhyCH information elements
	
	
	
	

	Individual Timeslot interference list
	MP
	1 to <maxTS>
	
	

	>Individual Timeslot interference
	MP
	
	Individual Timeslot interference 10.3.6.38
	

	Expiration Time Factor
	MD
	
	Expiration Time Factor 10.3.3.12
	Default is 1.

	Trigger Field
	MP
	
	Bit string (4)
	Trigger Field is used to inform eg. about the used TPC reporting scheme. Following 4 bit encoding is used:

0000 – all attributes off

0001 – multilevel TPC enabled

0010 –

1110 – spare combinations

1111 – all attributes on




5.4.1.2 Changes to 25.221

This section contains the required changes to physical channel structure with respect to Rel5 TS 25221.

5.4.1.2.1
Transmission of TPC

All burst types 1, 2 and 3 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is done in the data parts of the traffic burst. Independent of the SF that is applied to the data symbols in the burst, the data in the TPC field are always spread with SF=16 using the channelisation code in the branch with the highest code numbering of the allowed OVSF sub tree, as depicted in [8]. Hence the midamble structure and length is not changed. The TPC information is to be transmitted directly after the midamble. Figure 11 shows the position of the TPC in a traffic burst.
For every user the TPC information shall be transmitted at least once per transmitted frame. If a TFCI is applied for a CCTrCH, TPC shall be transmitted with the same channelization codes and in the same timeslots as the TFCI. If no TFCI is applied for a CCTrCH, TPC shall be transmitted using the first allocated channelisation code and the first allocated timeslot, according to the order in the higher layer allocation message.
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Figure 11: Position of TPC information in the traffic burst

The length of the TPC command is one symbol. The relationship between the TPC symbol and the TPC command is shown in table 4a.

Table 4a: TPC bit pattern

	TPC Bits
	TPC command
	Meaning

	00
	'Large Down'
	Decrease Tx Power with step size d1

	01
	‘Small Down’
	Decrease Tx Power with step size d2

	10
	‘Small Up’
	Increase Tx Power with step size u2

	11
	'Large Up'
	Increase Tx Power with step size u1


It is to be noted the step size labelled d1 is larger than step size d2 and step size u1 is larger then step size u2.
5.4.1.3 Changes to 25.224

This section contains the required changes to physical layer procedures with respect to Rel5 TS 25.224.

5.4.1.3.1
DPCH, PDSCH

The initial transmission power of the downlink DPCH and the PDSCH shall be set by the network. If associated uplink CCTrCHs for TPC commands are signalled to the UE by higher layers (mandatory for a DPCH), the network shall transit into inner loop power control after the initial transmission. The UE shall then generate TPC commands to control the network transmit power and send them in the TPC field of the associated uplink CCTrCHs. An example on how to derive the TPC commands and the definition of the inner loop power control are given in Annex A.1. A TPC command sent in an uplink CCTrCH controls all downlink DPCHs or PDSCHs to which the associated downlink CCTrCH is mapped to.

In the case that no associated downlink data is scheduled within 15 timeslots before the transmission of a TPC command then this is regarded as a transmission pause. The TPC commands in this case shall be derived from measurements on the P-CCPCH. An example solution for the generation of the TPC command for this case is given in Annex A 1.

Each TPC command shall always be based on all associated downlink transmissions received since the previous related TPC command. Related TPC commands are defined as TPC commands associated with the same downlink CCTrCHs. If there are no associated downlink transmissions between two or more uplink transmissions carrying related TPC commands, then these TPC commands shall be identical and they shall be regarded by the UTRAN as a single TPC command. This rule applies both to the case where the TPC commands are based on measurements on the associated CCTrCH or, in the case of a transmission pause, on the P-CCPCH.

As a response to the received TPC command, UTRAN may adjust the transmit power.  The possible power adjustment depends on the TPC command received at the UTRAN which is illustrated in the following table.
Table 2: TPC bit pattern
	TPC command
	                   Meaning

	'Large Down'
	May decrease Tx Power with step size d1

	‘Small Down’
	May decrease Tx Power with step size d2

	‘Small Up’
	May increase Tx Power with step size u2

	'Large Up'
	May increase Tx Power with step size u1


The UTRAN may apply an individual offset to the transmission power in each timeslot according to the downlink interference level at the UE.

The transmission power of one DPCH or PDSCH shall not exceed the limits set by higher layer signalling by means of Maximum_DL_Power (dB) and Minimum_DL_Power (dB). The transmission power is defined as the average power over one timeslot of the complex QPSK symbols of a single DPCH or PDSCH before spreading relative to the power of the P-CCPCH.

During a downlink transmission pause, both UE and Node B shall use the same TPC step size which is signalled by higher layers. The UTRAN may accumulate the TPC commands received during the pause. TPC commands that shall be regarded as identical may only be counted once. The initial UTRAN transmission power for the first data transmission after the pause may then be set to the sum of transmission power before the pause and a power offset according to the accumulated TPC commands. Additionally this sum may include a constant set by the operator and a correction term due to uncertainties in the reception of the TPC bits. The total downlink transmission power at the Node B within one timeslot shall not exceed Maximum Transmission Power set by higher layer signalling. If the total transmit power of all channels in a timeslot exceeds this limit, then the transmission power of all downlink DPCHs and PDSCHs shall be reduced by the same amount in dB. The value for this power reduction is determined, so that the total transmit power of all channels in this timeslot is equal to the maximum transmission power.
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