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Introduction

Compressed mode handling currently comprises 3 methods : “higher layer scheduling”, “SF reduction” and “puncturing”. Compressed mode by “higher layer scheduling” is well applicable to packet data, as this data is not so delay sensitive. Compressed mode by puncturing is currently applicable only to DL fixed position multiplexing, so it is well applicable to the case of circuit data where this type of multiplexing does not imply bad usage of the OVSF code resource. SF reduction is known to suffer from several issues, and this is why compressed mode by puncturing was so eagerly discussed during release 99 specification.

Now, new cases of service multiplexing have been considered since release 99 specification, in which none of current compressed mode methods is well adapted. This is notably the case for mixed packet and circuit data where neither is dominant.

The objective of this paper is to show that a new scheme would be beneficial notably in those cases. This new scheme, which was already introduced in [1], is based on unequal frame segmentation. A brief presentation of the new scheme and its applicability is made. Then benefits of the new scheme are pointed out using a simple example based on a typical RAB combination presented in [2] and a typical CM pattern extracted from [3].
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Abbreviations

CCTrCH
: Coded Composite Transport Channel

CM
: Compressed Mode

CS
: Circuit Switched

DL
: DownLink

DTX bit
: indication of discontinuous transmission

CM
: Compressed Mode

OVSF
: Orthogonal Variable Spreading Factor (code)

PAPR
: Peak-to-Average Power Ratio

PS
: Packet switched

RAB
: Radio Access Bearer

RM
: Rate Matching

SF
: Spreading Factor

TF
: Transport Format

TFCS
: Transport Format Combination Set

TrCH
: Transport Channel

TTI
: Transmission Time Interval

TGL
: Transmission Gap Length

TGPL
: Transmission Gap Period Length

UE
: User Equipment

UL
: UpLink
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Brief presentation of the new scheme
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Model & aspects of the new scheme

The new scheme is based on unequal frame segmentation as well as puncturing. That is to say that a TTI of F radio frames is segmented into F segments that are potentially of different sizes, which allow to map less data to some of the frames, thus making some room available for the transmission gap. How the TTI are segmented is based on segmentation coefficients that are determined.

The new scheme exhibits the following aspects :

· Inherently provides multi-frame compressed mode compression, thus reducing the necessay power raise. Compared to current DL compressed mode by puncturing in fixed positions power raise can be spread on longest TTI, rather than shortest TTI.

· Allows compressed mode with puncturing with flexible position in DL

· Applicable also to UL

· Can be combined with higher layer scheduling.

· In DL no impact on the data path is anticipated as unequal frame segmentation is already used in compressed mode by pruncturing in fixed position, in the form of unequal distribution of prune bits over the TTIs.

The algorithm can be modeled as below :
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The algorithm has 3 inputs :

a) Compressed mode pattern sequence parameter sets :

This information allows to compute the number of transmitted slot per frame, and to provide the NTr vector (NTr0, NTr1, …, NTrFmax-1) for the next longest TTI. Similar to current compressed mode by puncturing, this vector may take a number of different values, which makes reasonable to run the algorithm on a longest TTI by longest TTI basis. 

b) PhCh & CCTrCh parameters : 

this are the semi-static parameters of PhCh and CCTrCH.

c) Optionally higher layer scheduling information : 

The scheme can be run in combination with higher layer scheduling. In that case some information signaled from higher layers tells up to which amount the higher layer scheduling contribute to the gap formation.

This information is semi-static.

The algorithm has two outputs for the next longest TTI :

· A set of segmentation coefficient for each TTIs in the next longest TTI :  This gives the proportion of bits for each segments

· A scaling factor : this gives the amount of puncturing/repetition for the CCTrCH as a whole compared to a situation with no puncturing and no rate adaptation to the number of available bits.

On the one hand, the set of segmentation coefficient and the scaling factor are used for the RM pattern parameters computation. 

Actual segment sizes are computed, which allows to carry out the unequal frame segmentation. The operation of unequal frame segmentation and its interaction with 1st interleaver is made as now for the DL. For the UL, data path is impacted, as unequal segmentation is not yet supported by the standard.

The scaling factor is used by the power control algorithm to derive the needed power raise.
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Beneficial application of the new scheme

The new scheme is applied beneficially especially when :

· When PS and CS data are mixed as : 

· higher layer scheduling would not be sufficient to built up the gap.

· current puncturing scheme is not available, because PS data is multiplexed most beneficially in flexible position

· SF reduction is known to suffer many issues, on which this paper elaborates a bit more later on.

· In UL, because of the power raise limitation that is welcome due to UE PA limitations

· It is applicable to fixed position multiplexing also, with the benefit that compared to current puncturing scheme power raise is spread over longest TTI rather than shortest TTI.

· In case of PS data, long TTIs and high density transmission gaps. In this case, the use of higher scheduling alone would constantly reduce the throughput, and therefore the QoS, as any TTI may be overlapped by a transmission gap. The use of the new scheme in combination with higher layer scheduling alleviate this issue.
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SET sect_example_def  
Example definition

Now we take an example. To keep things simple we :

· Consider DL direction only

· Consider the new scheme alone (not in combination with higher layer scheduling)
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Choice of a suitable CCTrCH

The retained RAB combination to outline the proposed CM method by puncturing in flexible positions is referred to as 38b in [2]. Main parameters are recalled in Annex1 for convenience.

It consists in 3 different RABs as follows:

· Conversational / speech/ DL:12.2kbps / CS RAB 

· Interactive or background / DL:8kbps / PS RAB
· DL:3.4kbps SRB for DCCH (signalling)
This RAB combination has been selected as example so as to:

· select a multiplexing scenario in flexible positions

· find a CCTrCH where both PS and CS services are multiplexed together with the CS service having the most part of the load: in such a case, CM will be typically handled by the SF reduction method and not by higher layer scheduling.
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Choice of a typical CM pattern

The retained CM pattern corresponds to Set 2 of CM reference pattern 1 presented in Annex A5 of [3] whose parameters are recalled in Annex2 of this document.

It consists in a 7-slot compressed gap spanning over 2 frames with a repetition period TGPL equal to 4 frames.
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 set sect_SF_red 
CM handling in DL flexible positions with the SF reduction method

Based on the chosen example of section 5, the following figure depicts the multiplexing scheme that is applied in case of compressed mode by SF reduction by 2.
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SET  sect_new_scheme  
CM handling with proposed puncturing method based on unequal frame segmentation

Based on the idea of unequal frame segmentation as already proposed in [1], it is possible to split each encoded transport block of the CCTrCH in several segments according to its own TTI value, the unitary segment size being in general not constant and computed using segmentation coefficients.

These segmentation coefficients are optimized on a global interval representing the maximum TTI duration among all the TrCHs of the CCTrCH knowing the available physical data load per frame and the maximum data load (belonging to the allowed TFCS) coming from each TrCH of the CCTrCH at each TTI.

The next figure presents the multiplexing result obtained with the proposed unequal frame segmentation method to handle CM in flexible positions, using the example defined in section 5.

It can be compared to figure of section 6 to highlight the different advantages of the new proposed method.
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Analysis 

A comparison between figures of section 6 and 7 makes the benefits of the new proposed method obvious in terms of:

· OVSF code consumption

The SF reduction by 2 (SF 32 during compressed frames instead of 64 during normal frames) induces a higher part of the OVSF tree becoming forbidden for other users, hence less flexibility in the OVSF code allocation procedure and increased risk of code shortage unless the scrambling code is changed. Changing the scrambling code has however its own issues, as it makes an unpredictable change in the experienced geometry factor, hence the need for power margin accordingly. All these issues are removed by the new scheme, as it has constant SF = 64 whatever compressed or normal frames.

· Power raise
In case of SF reduction the Tx power is increased by 3 dB during compressed frames. In the new scheme instead, the power increase is not only applied to compressed frames but spanned over the whole global interval since all the TrCHs are impacted by the gap.

As for the delta power value compared to frames not in a global interval, it is directly derived from the physical load compression value:

[image: image4.wmf]D

Power

global interval

900 * 4

________________

572 + 624 + 900*2

=

= 1.2016 <=> + 0.80 dB


This means that if this new scheme was applied in fixed position it would also bring advantage with regards to current scheme, as current scheme makes a power raise only on the shortest, and not longest TTI.

Spreading the power raise over time is beneficial when the channel is close to its maximum power. This is a crucial advantage especially in the UL direction.

· DTX rate
The OVSF code consumption and power raise benefits of the new scheme over the SF reduction are amplified in situations where SF reduction involves high DTX rate for transmitted slots, which happens as the number of gap slots may be significantly lower than half of the frame.
The rate of DTX bits inserted in transmitted slots of frames compressed by SF reduction can be easily computed as follows:

DTX rate = EQ \b(1 - \s\do2(\f(15;2((15-TGLframe))))
where the TGLframe parameter denotes the number of gap slots in the considered compressed frame, that is to say 15 - TGLframe is the number NTr of transmitted slots.

This formula produces the following table:

	 TGLframe
	(slots)
	3
	4
	5
	6
	7

	 DTX rate
	(%)
	37.5
	31.8
	25.0
	16.7
	6.3


In our example, the rate of DTX bits is equal to 31.8% in first compressed frame and to 37.5 % in second one: it entails that more than 1/3 of the available physical data bits are not used during the 2 compressed frames, which is definitely sub-optimal.

Using only transmission gap patterns not involving that high DTX rates significantly reduces the flexibility of the SF reduction method and may cripple the use of optimised compressed mode transmission gap pattern sequence.

Contrary to method by SF reduction, the new scheme method is optimized so that a maximum number of available physical bits are used: no DTX bit insertion is thus needed at maximum CCTrCH composite bit rate. This allows a far more efficient use of the physical resource.
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Conclusion

This contribution is intended to outline the benefits of a CM handling by a novel puncturing method based on a typical service scenario and CM pattern.

The introduction of a CM method based on unequal frame segmentation as presented here would allow the network to handle CM with more flexibility and thus to increase the network capacity in compressed mode in a number of RAB combinations.

From the UE point of view, the additional complexity induced by the unequal frame segmentation algorithm is very low compared to the interest of the method : 

· In the DL there is no impact on the data path, as the current CM by puncturing in fixed position already makes unequal frame segmentation : the new scheme resides in how to configure this segmentation and not in how to process it. 

· In the UL, limitation of power raise would be quite beneficial for the UE design.

A CR to release 6 specification [4] will finally follow to propose the introduction of CM by puncturing method according to the proposed unequal frame segmentation method.

Annex 1 : Multiplexing and service parameters

Multiplexing parameters are those of service 38b of [3]. They are recalled below for convenience:

* Layer1 parameters

	RAB
	Conversational / speech/ DL:12.2kbps / CS RAB
	Interactive or background / DL:8kbps / PS RAB
	DL:3.4kbps SRB for DCCH

	TrCH ID
	TrCH 0
	TrCH 1
	TrCH 2
	TrCH 3
	TrCH 4

	TrCH type
	DCH
	DCH
	DCH
	DCH
	DCH

	TB sizes, bit
	0

39

81
	103
	60
	336
	148

	TFS
	TF0, bits
	1x0
	0x103
	0x60
	0x336
	0x148

	
	TF1, bits
	1x39
	1x103
	1x60
	1x336
	1x148

	
	TF2, bits
	1x81
	N/A
	N/A
	N/A
	N/A

	TTI, ms
	20
	20
	20
	40
	40

	Coding type
	CC 1/3
	CC 1/3
	CC ½
	TC
	CC 1/3

	CRC, bit
	12
	N/A
	N/A
	16
	16

	Max number of bits/ TTI

after channel coding
	303
	333
	106
	1068
	516

	RM attribute
	range
	180-220
	170-210
	215-256
	135-175
	155-230

	
	typical value
	200
	190
	236
	155
	193


* TFCS

	TFCS size
	12

	TFCS
	(RAB subflow#1, RAB subflow#2, RAB subflow#3, 8 kbps RAB, DCCH)=

(TF0,TF0,TF0,TF0,TF0), (TF1,TF0,TF0,TF0,TF0), (TF2,TF1,TF1,TF0,TF0),

(TF0,TF0,TF0,TF1,TF0), (TF1,TF0,TF0,TF1,TF0), (TF2,TF1,TF1,TF1,TF0), (TF0,TF0,TF0,TF0,TF1), (TF1,TF0,TF0,TF0,TF1), (TF2,TF1,TF1,TF0,TF1),

(TF0,TF0,TF0,TF1,TF1), (TF1,TF0,TF0,TF1,TF1), (TF2,TF1,TF1,TF1,TF1)


* Physical channel parameters

	DPCH

Downlink
	DTX position
	Flexible

	
	Spreading factor
	64

	
	DPCCH
	Number of TFCI bits/slot
	8

	
	
	Number of TPC bits/slot
	4

	
	
	Number of Pilot bits/slot
	8

	
	DPDCH
	Number of data bits/slot
	60

	
	
	Number of data bits/frame
	900


Annex 2 : compressed mode pattern parameters

DL CM pattern is defined in accordance with set 2 pattern of table A.21,Annex A.5 of [4] and presented below for convenience:

	Parameter
	Set 2
	Note

	TGSN (Transmission Gap Starting Slot Number)
	11
	

	TGL1 (Transmission Gap Length 1)
	7
	

	TGL2 (Transmission Gap Length 2)
	-
	Only one gap in use

	TGD (Transmission Gap Distance)
	0
	Only one gap in use

	TGPL1 (Transmission Gap Pattern Length)
	4
	

	TGPL2 (Transmission Gap Pattern Length)
	-
	Only one pattern in use

	TGPRC (Transmission Gap Pattern Repetition Count)
	NA
	Defined by higher layers

	TGCFN (Transmission Gap Connection Frame Number)
	NA
	Defined by higher layers

	DL compressed mode method
	Puncturing
	

	Downlink frame type and Slot format
	12A
	

	Scrambling code change
	No
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