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1 Introduction

Firstly it is believed that the enumerated range for signalled SIRTARGET values, as given in [1] are not aligned with the absolute gains applied to uplink physical channels via (i in section 6.6.1 of [2].  This misalignment prevents correct operation of uplink outer-loop power control for TDD.  It is proposed to adjust the enumerated range for SIRTARGET accordingly in WG2 documentation [1].

Secondly, the 4-bit quantisation applied to the calculated (not signalled) beta gain factors ((j) (as described in [3]) is inappropriate and unnecessary for TDD, and in some cases (for low (j) the quantisation is so severe as to prevent correct operation of uplink power control under conditions in which the UE frequently changes TFC within the set of allowed TFC’s.  Quantisation of (j is not required from an implementation perspective.  It is therefore proposed that quantisation of (j in the case that it has been calculated from a reference TFC be removed from the specifications.

2 Background

With reference to [1], section 8.5.7, for TDD the power of each active PUSCH and/or DPCH UL physical channels is calculated as a function of the following parameters :-


PUSCH = (LPCCPCH+(1-()L0 + IBTS + SIRTARGET+USCH Constant value
(1)

PDPCH = (LPCCPCH+(1-()L0 + IBTS + SIRTARGET+DPCH Constant value
(2)
[Note the inaccuracy in the use of the term “USCH” rather than “PUSCH” in [1]]

Furthermore, as described in [2] and [3], in addition and separately to the above calculations, further adjustments to the transmitted power of the physical channels are made based on :- 

1. the SF of the ith physical channel ((i) :-

	SF of DPCHi
	(i
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Table 1
2. the signalled (or computed as described in [3]) “beta” gain adjustment for TFC j ((j) as applied to all physical channels to which the associated CCTrCH is mapped :-

	Signalled value for j
	Quantized value j

	15
	16/8

	14
	15/8

	13
	14/8

	12
	13/8

	11
	12/8

	10
	11/8

	9
	10/8

	8
	9/8

	7
	8/8

	6
	7/8

	5
	6/8

	4
	5/8

	3
	4/8

	2
	3/8

	1
	2/8

	0
	1/8


Table 2
Both (i and (j are voltage gain factors and are depicted in section 6.6.1 of [2].  They are required due to the fact that SIR targets are employed rather than Eb/N0 targets.  (i is a coarse processing gain adjustment based on the amount of code space occupied by the transmission in a given timeslot and (j is designed to provide compensation for varying degrees of puncturing or repetition encoding applied to the constituent transport channels of the particular TFC.  (i and (j are implemented by the UE due to the use of autonomous TFC selection by the UE MAC which precludes the use of RRC SIRTARGET adjustments based on TFC.

It is straightforward to list the power adjustment ((i) in decibels as effected for the ith physical channel as a result of the application of (i :-
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	SF of ith physical channel
	(i (dB)

	16
	0

	8
	3.01

	4
	6.02

	2
	9.03

	1
	12.04


Table 3
Similarly converting (j to logarithmic power gains (j results in the following :-

	Signalling value for j
	Quantised value j
	TFC Power Gain Bj (dB)

	15
	16/8
	+6.02

	14
	15/8
	+5.46

	13
	14/8
	+4.86

	12
	13/8
	+4.22

	11
	12/8
	+3.52

	10
	11/8
	+2.77

	9
	10/8
	+1.94

	8
	9/8
	+1.02

	7
	8/8
	0.00

	6
	7/8
	-1.16

	5
	6/8
	-2.50

	4
	5/8
	-4.08

	3
	4/8
	-6.02

	2
	3/8
	-8.52

	1
	2/8
	-12.04

	0
	1/8
	-18.06


Table 4
In general the transmit power of the ith PUSCH or UL DPCH to which the jth TFC is mapped can now be expressed as :-


PPUSCH = (LPCCPCH+(1-()L0 + IBTS + SIRTARGET+PUSCH Constant value+(i+(j

PDPCH = (LPCCPCH+(1-()L0 + IBTS + SIRTARGET+DPCH Constant value+(i+(j
SIRTARGET, PUSCH and DPCH Constant Values are signalled to the UE.

The associated enumerated ranges for these values is:-

SIRTARGET:


-11 to +20 dB in steps of 0.5dB

PUSCH/DPCH Constant Values:
-10 to+10 dB in steps of 1dB.

3 Problems with Current Specifications

It is believed that the use of (i and (j as currently specified results in two problems :-

1. The absolute values assigned to the (i gains, in conjunction with equations (1) and (2), have been designed such that SIRTARGET is normalised to the SIR required per resource unit (where one resource unit (RU) = 1 code at SF16).  However, the enumerated range for SIRTARGET is not aligned with this per-RU normalisation for all typical operating Eb/No.

2. Due to the use of linear voltage gains for (j the granularity of the resulting power adjustment (j (in logarithmic terms) becomes very coarse for low signalled values of (j.  This is clearly evident from the lower half of Table 4.  This granularity is too coarse to accurately compensate for the Tx power adjustments required arising from variations in puncturing/repetition between TFC’s, thereby precluding the use of the lower portions of the (j table.  If the power adjustments made on a transition between TFC’s are inaccurate, outer-loop power control performance will suffer.

3.1 Problem 1

Problem 1 is illustrated by means of a simple example.

First we note that (ignoring short-term temporal changes in pathloss) the mean SIR of the ith physical channel at the receiver is simply:-

SIRRX,i = SIRTARGET + Constant value+(i+(j
Now consider a TFC comprising 1 transport channel only which has been 1/3 rate convolutionally-encoded.  The TFC is mapped to a CCTrCH occupying 1 physical channel at SF 16 per frame and the data rate is such that little or no repetition encoding nor puncturing is required (the data rate will be of the order of 8kbps).  Also in this example, consider the required Eb/No to be of the order of 3dB.

The processing gain available is approximately :-

PG = 10(log10(3.84e6 / 8e3 / 15) ~= 15dB

In our example it is fair to assume a nominal value for Bj = 0dB from the centre of Table 4 (this seems reasonable since we have applied no significant puncturing or repetition to the transport channels in the TFC).  It is also fair to assume a nominal central setting for the constant value of 0dB allowing the operator freedom to increase or decrease this parameter.  (I for this example is 0dB.

As such for a single-antenna receiver, the required SIR at the receiver is approximately :-

SIRRX,i = 3 – 15 = -12dB

Note that this is lower than the minimum SIRTARGET (of –11dB) that may be signalled to the UE.
We next note that if multiple (M) antennas are employed at the node-B, then the SIRRX,i per branch will (according to the specific channel geometry) drop as approximately 10(log10(M), and as such, so will the required transmit power from the UE.  Considering a typical case of M=2 antennas at the receiver, SIRRX,i will be approximately –15dB.  However, accommodation for the number of antennas at the receiver could be made via suitable adjustment of the PRACH, PUSCH and DPCH constant value parameters.

In short there is confliction between the SIRTARGET enumerated range and the absolute gains imposed by (i.  In addition to this, and importantly, the following should also be taken into consideration:-

· SIRTARGET is a dynamic parameter that must be able to move freely with some variance within the enumerated range to ensure correct operation of UL outer-loop power control.

· SIRTARGET must also adjust for any calibration inaccuracies in the UL open-loop power control scheme.  Such errors appear within the loop as the result of :-

· Node-B Tx (deviation from true P-CCPCH Tx power) [6]
· UE Rx (P-CCPCH RSCP measurement accuracy) [7]
· Node-B Rx (UL timeslot ISCP measurement accuracy) [7]
As such, the SIRTARGET should be designed to “settle” some distance away from the boundaries of the SIRTARGET enumerated range, to allow margin for open-loop calibration and measurement inaccuracies.  This is not possible using the enumerated range given in [1].

It is suggested that the enumerated range for signalled SIRTARGET values be lowered such that integer values 0 to 63* represent SIRTARGET values of –18 to +13.5 dB in steps of 0.5dB.

[*Note that currently, only values 0 to 62 are used in [1] and this is wasteful, since 6 bits are required to signal SIRTARGET for either case]

Since SIRTARGET is normalised on a per-RU basis, an SIRTARGET of +13.5dB corresponds to a received SIR of +13.5+10(log10(16) = +25.5dB prior to channel decoding and so is more than sufficient even for transmissions with no channel coding under unfavourable fading channel conditions, and additionally allows similar margins at the upper and lower ends of the SIRTARGET range for measurement and calibration inaccuracies.

This requires a change to the RRC protocol specification [1], and a suggested text proposal for such a CR is given in appendix A.

3.2 Problem 2

Now addressing problem (2), we note that quantised (j values were employed within the TDD specifications for the purposes of FDD/TDD harmonisation in this area [9].  Historically, (c and (d values as employed in FDD ([4],[5]), were quantised such as to enable power weighting between DPCCH and DPDCH using a 4-bit multiplier prior to physical channel addition in the modulator [8].  However, it is noted that for TDD, (j is applied to the composite (post physical channel combination) signal, and as the specifications are written, represents an absolute gain as opposed to the case for FDD in which (c and (d are used to provide a relative gain offset between DPDCH and DPCCH.  For FDD, the composite gain of the transmitted signal may be adjusted further down the transmitter chain (with no specified quantised resolutions), yet for TDD (j causes a quantisation of the actual transmit power.  For TDD, the maximum number of simultaneous CCTrCH (and hence maximum number of different (j applied within one timeslot) is equal to 2, since the maximum number of physical channels within a timeslot is equal to 2.  As such, the restriction to implement (j using only 4 bits of resolution is not applicable for TDD since the implementation complexity is very low.  The current coarse quantisation of (j causes significant corresponding quantisation errors in transmit power resolution between CCTrCH’s belonging to different TFC’s.  It also seems somewhat strange that there is no corresponding mention of bit-resolutions for quantisation of the (i gains, yet at present, (i may assume irrational numbers such as (2.

In light of the above, it is proposed to remove the quantisation stage in the case that (j is calculated from a reference TFC.  The (j table in [2] however is still required, due to the fact that 4-bit signalling of (j is used by RRC [1] and (ref must be signalled.  This proposal carries no drawbacks and would enable correct adjustment of power based on the degree of repetition or puncturing applied.  Thus correct operation of open (and hence outer-) loop power control will be enabled due to the correct received SIR changes being observed on TFC transitions.  This is especially important under conditions in which the UE is frequently adjusting the selected TFC.

4 Conclusion

Problems have been identified with uplink power control operation for TDD.  Firstly these problems arise due to a mismatch between the SIRTARGET enumerated range in [1] and the (i gain factors applied in [2] for typical Eb/N0 operating conditions.  Furthermore, a second problem with uplink power control operation in TDD exists in the case that the UE frequently selects different TFC’s from within the allowed set of TFC’s.  This is due to the coarse quantisation of (j as specified in [2] and [3].  This quantisation was inherited from FDD and not applicable for TDD transmitter implementations.

Associated CR’s to TS 25.223 and TS 25.224 (both Rel ‘99 and Rel 4) have been compiled and are presented in accompanying Tdoc’s:-

· R1-02-XXXX

· R1-02-XXXX

· R1-02-XXXX

· R1-02-XXXX

Furthermore, a suggested text proposal for changes to TS 25.331 has been presented in appendix A and will be used as the basis for a WG2 CR should the above proposals to correct this problem via modification of the SIRTARGET enumerated range be adopted by WG1.
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6 Appendix A

[Proposed text for CR to 25.331].

6.1.1.1 10.3.6.65
PUSCH power control info

NOTE:
Only for TDD.

Interference level measured for a frequency at the UTRAN access point used by UE to set PUSCH output power.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	UL target SIR
	MP
	
	Real (-18 .. 13.5 by step of 0.5)
	in dB


10.3.6.88
Uplink DPCH info

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Uplink DPCH power control info
	OP
	
	Uplink DPCH power control info 10.3.6.91
	

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	

	>>Scrambling code type
	MP
	
	Enumerated(short, long)
	

	>>Scrambling code number
	MP
	
	Integer(0..16777215)
	

	>>Number of DPDCH
	MD
	
	Integer(2..maxDPDCH)
	Default value is 1.

Number of DPDCH is 1 in HANDOVER TO UTRAN COMMAND

	>>Spreading factor
	MP
	
	Integer(4, 8, 16, 32, 64, 128, 256)
	Minimum allowed SF of the channelisation code for data part

	>>TFCI existence
	MD
	
	Boolean
	TRUE means existence. Default value is "TRUE"

	>>Number of FBI bits
	CH
	
	Integer (1, 2)
	In bits. Number of FBI bits is needed if SSDT or FB Mode Transmit Signalling is supported.



	>>Puncturing Limit
	MP
	
	Real(0.40 ..1 by step of 0.04)
	

	>TDD
	
	
	
	

	>>Uplink Timing Advance Control
	OP
	
	Uplink Timing Advance Control 10.3.6.96
	

	>>UL CCTrCH List
	MP 
	1 to <maxCCTrCH>
	
	

	>>>TFCS ID
	MD
	
	Integer(1..8)
	Default value is 1. 

	>>>UL target SIR 
	MP
	
	Real (-18 .. 13.5 by step of 0.5dB)
	In dB

	>>>Time info
	MP
	
	Time info 10.3.6.83
	

	>>>Common timeslot info
	MD
	
	Common timeslot info 10.3.6.10
	Default is the current Common timeslot info

	>>>Uplink DPCH timeslots and codes
	MD
	
	Uplink Timeslots and Codes 10.3.6.94
	Default is to use the old timeslots and codes.


	Condition
	Explanation

	Single
	This IE is mandatory present if the IE "Number of DPDCH" is "1" and not needed otherwise.


6.1.1.2 10.3.6.91
Uplink DPCH power control info

Parameters used by UE to set DPCH initial output power and to use for closed-loop power control in FDD and parameters for uplink open loop power control in TDD.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	

	>>DPCCH Power offset
	MP
	
	Integer(-164,..-6 by step of 2)
	In dB

	>>PC Preamble
	MP
	
	Integer (0..7)
	In number of frames

	>>SRB delay
	MP
	
	Integer(0..7)
	In number of frames

	>>Power Control Algorithm
	MP
	
	Enumerated (algorithm 1, algorithm 2)
	Specifies algorithm to be used by UE to interpret TPC commands

	>>TPC step size
	CV-algo
	
	Integer (1, 2)
	In dB

	>TDD
	
	
	
	

	>>UL target SIR 
	OP
	
	Real (-18 .. 13.5 by step of 0.5dB)
	In dB

	>>CHOICE UL OL PC info
	MP
	
	
	

	>>>Broadcast UL OL PC info
	
	
	Null
	No data

	>>>Individually Signalled 
	OP
	
	
	

	>>>>Individual timeslot interference info
	MP
	1 to <maxTS>
	
	

	>>>>>Individual timeslot interference
	MP
	
	Individual timeslot interference 10.3.6.38
	

	>>>>DPCH Constant Value
	OP
	
	Constant Value

10.3.6.11
	Quality Margin

	>>>>Primary CCPCH Tx Power
	OP
	
	Primary CCPCH Tx Power 10.3.6.59
	For Pathloss Calculation


	Condition
	Explanation

	algo
	The IE is mandatory present if the IE "Power Control Algorithm" is set to "algorithm 1", otherwise the IE is not needed.


10.3.6.92
Uplink DPCH power control info Post

Parameters used by UE to set DPCH initial output power and to use for closed-loop power control.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	





	>>SRB delay
	MP
	
	Integer (0..7)
	In number of frames

	>TDD
	
	
	
	

	>>UL target SIR 
	MP
	
	Real (-18 .. 13.5 by step of 0.5dB)
	In dB

	>>UL Timeslot Interference
	MP
	
	UL Interference 10.3.6.87
	


	Condition
	Explanation

	algo
	The IE is mandatory present if the IE "Power Control Algorithm" is set to "algorithm 1", otherwise the IE is not needed.


-- Actual value = (IE value * 0.5) - 18
UL-TargetSIR ::=




INTEGER (0..63)




_1023554771.unknown

_1023554913.unknown

_1055053629.unknown

_1071567444.unknown

_1023554915.unknown

_1023554912.unknown

_1023554747.unknown

