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1. Introduction

Compressed mode is a method used in W-CDMA to allow mobiles on the traffic channel to temporarily leave the channel in order to perform measurements on a different frequency and/or different Radio Access Technology (RAT) without losing any data. It consists in only transmitting during part of a frame so that the rest of it (compressed mode gap) may be used for performing measurements. 

In cells at the boundary of UMTS coverage or at the edge of an area of coverage of a given channel frequency, it is likely that most mobiles will be in compressed mode, most if not all the time. Since it is expected that even well after initial deployment, UMTS coverage will be limited to dense urban areas, this type of border cells will be very common. Therefore, it is critical for a large number of UEs to be able to operate in compressed mode without significant quality-of-service nor system capacity degradation. It should also be noted that, at least at the beginning of deployment and until users take on new data services, voice is going to be the predominant application running in 3G systems. 

2. Compressed Mode Configurations

Compressed mode patterns consist in a series of compressed frames, made up of a compressed transmission and a transmission gap, separated by regular transmission frames. Figure 1, extracted straight out of [1], illustrate the parameters defining a transmission gap pattern sequence.

The ranges of the parameters that define the transmission gap pattern sequence are the following:

TGSN:
Transmission Gap starting Slot Number (1 to 14 slots).

TGL1:
Transmission Gap Length 1 (1 to 14 slots). Note that these slots have to be distributed evenly (at most 7 in a single frame) between two frames for the pattern to work.

TGL2:
Transmission Gap Length 2 (1 to 14 slots). The same note applies as for TGL1.

TGD:
Transmission Gap Distance (15 to 269 slots). This corresponds to 1 to almost 18 frames.

TGPL1:
Transmission Gap Pattern Length 1 (1 to 144 frames). 

TGPL2:
Transmission Gap Pattern Length 2 (1 to 144 frames).

TGPRC:
Number of Transmission Gap Patterns within the Transmission Gap Pattern Sequence (1 to 511 and infinity).
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 Figure 1: Illustration of compressed mode pattern parameters

The reduction in the transmission time needed for compressed mode can be achieved by either reducing the amount of data scheduled for transmission (“Higher layer scheduling”), increasing the data rate (“SF/2”) or increasing the coding rate (“Puncturing” - only available on the downlink) (see [2]).

There seems to be consensus that in order to perform inter-frequency/inter-RAT measurements, even the longest compressed mode gap (about half a frame) will be barely enough. This essentially precludes the use of puncturing for compressed mode since it would result in very large coding rates and therefore power requirements. 

In the case of voice users, in order to perform compressed mode by “Higher layer scheduling” it would be necessary to reduce the rate of the AMR vocoder to 5.15kbps, resulting in significantly reduced quality of service. Note that given the amount of time it takes the vocoder to switch between rates, toggling rates between compressed frames seems rather unlikely. Therefore, in the case of voice users, it seems the only way to perform compressed mode without degrading the quality of service to the users, is to use compressed mode with “SF/2”.

In compressed mode using SF/2, a channelization code (OVSF code) with lower spreading factor (half of what is used in normal operation) is used during the part of the compressed frame where data is transmitted. In the current specifications there is a strict relationship between the channelization code used for compressed frames and that used for regular ones. The scrambling code used during compressed frames can either be the same as for regular transmission or it can be an alternative secondary scrambling code (see [3]).
3. Channelization vs. scrambling codes

In most CDMA systems, spreading is performed using two types of codes: channelization codes and scrambling codes. The set of channelization codes is made up of sequences orthogonal to one-another. I.e. if any two sequences are aligned, XORed element by element and then accumulated over the duration of a symbol, the outcome would be zero. 

The scrambling codes are made up of pseudo-random sequence. These sequences are chosen such that if they are XORed with another sequence or a copy of themselves and then accumulated over the duration of a symbol, the outcome would be low relative to their length, independently of the alignment of the two sequences. The ratio of this number to the length of the sequences is the isolation between the two sequences.

These two types of codes are meant to solve distinct problems. Channelization codes are optimal for eliminating the interference by signals meant for other users or services when the desired and interfering signals are received with perfect time alignment. 

Scrambling codes are good at reducing the interference by signals meant for other users or services when the desired and interfering signals are received with an arbitrary time alignment. 

If both channelization and scrambling codes are used, it is necessary to give all the signals that have to be discriminated the same scrambling code in order to preserve the optimal properties of channelization codes.

On the downlink, the interfering signals are meant for other users and, for a given channel path, are perfectly aligned with the desired signal. By giving different users distinct channelization codes and the same scrambling code it is possible to eliminate all interference from the signal transmitted by the same base-station and intended for other users. The scrambling code is only necessary in order to reduce the interference from other paths to the same or from different base-stations that are not yet in the active set. (The sub-optimal properties of these codes are what makes the speed with which the active set is updated so critical.)

On the uplink, the interfering signals are coming from different users, and since these are distributed across the entire cell, they are received with arbitrary alignment. Therefore, in this case there is no point in using channelization codes except maybe to distinguish multiple signals transmitted from the same user (if multiple services are supported on different physical channels). So, different users can use different scrambling codes on the uplink.

Scrambling codes of length 128 can at most provide 1/128=-21dB of isolation. This means that if two signals are received with the same power, after de-spreading the power of the interfering signal will be 21dB below the desired signal. On the uplink, power control insures that the received power from different users is more or less the same (for equal SF). Therefore this kind of isolation is sufficient to insure adequate capacity. On the downlink however, the received power ratio is the same as the transmit power ratio. Given how users are distributed across the cell, the geometry could vary from –4 to +16dB. Hence, it is possible that the power transmitted to one user would be 20dB above the power transmitted to another. Given the isolation provided by scrambling codes, the resulting interference could be as high as –1dB. Hence, using the channelization codes for signal discrimination on the downlink is critical in order to insure adequate capacity.

4. Problem

Our claim in section 2 is that for voice users, the only compressed mode method that can be used is using “SF/2”. 

Our claim in section 3 is that relying on non-orthogonal codes to discriminate between users on the downlink leads to significant degradation in system capacity. Since this is what is done when using compressed mode with “SF/2” and alternative scrambling we are suggesting that this method is also not efficient from a system capacity point of view. 

When compressed mode with “SF/2” using the primary scrambling code is used, each user takes up twice the number of channelization codes than what is needed for their regular service. Indeed, since the SF OVSF code encompasses both the SF/2 code used in normal operation and another code, it is necessary to reserve both for the same user. This means that the available channelization code-space would be divided by 2. As was indicated in section 3, an efficient use of channelization codes is also critical to obtaining good system capacity, therefore this solution would also result in significant system capacity degradation.

5. Solution

Looking at figure 1, it is easy to see that compressed frames only make up a small part of a transmission gap pattern sequence. For the longest transmission gap pattern sequence (TGL1=TGL2=14 slots and TGPL1=TGPL2=144 frames) the compressed frames make up 2*16/(144*15)=1.4% of slots. For the shortest transmission gap pattern sequence (TGL1=TGL2=14 slots and TGPL1=TGPL2=4 frames) they make up 2*16/(4*15) = 53% of slots. Such configurations are not seen as realistic but are provided as references. 

Typical inter-frequency/RAT measurement intervals are expected to be similar to what is used in GSM, i.e. in the order of a measurement every 200ms. A configuration that would achieve this is: TGPL1=TGPL2=40 frames with TGL1=TGL2=14 slots and TGD=20 frames. In that case, the ratio of compressed transmission would be: 16/(20*15)=5.3%. This implies that with the current specification a user in compressed mode would be using up an extra code, while only making use of it 5.3% of the time.

The proposal is to allow time-sharing of a downlink channelization code for compressed mode transmission among multiple UEs. A given code with a given spreading factor can be reserved in the system for compressed mode purposes. This code can then be communicated to UEs that need to perform inter-frequency/inter-RAT measurements together with the transmission gap pattern sequence parameters. These sequences can be carefully selected so that they do not overlap. Whenever UTRAN transmits to a given UE during its compressed frame, it will use the compressed mode channelization code with lower spreading factor instead of using the normal channelization code.

Lets consider the example of voice users (SF=128), since this is the scenario in which the use of compressed mode with SF/2 is the most crucial. In this case, a channelization code with SF=64, will be set aside for the purpose of compressed mode. Lets assume that a transmission gap pattern with parameters:  TGPL1=TGPL2=200ms=20 frames with TGL1=TGL2=14 slots is used. Lets assume that we have 10 users who need to perform inter-frequency or inter-RAT measurements. 

With the current way compressed mode is specified, these users will need to hold 20 codes of SF=128 (the SF=64 codes overlap with the codes they normally use and this is why they only use 10 more SF=128 codes). 

In the figures, different colors represent different channelization codes. The horizontal axis represents time and the vertical axis represents power. Only a subset of the users is displayed since the aim is to help the understanding rather than be complete.

Lets first consider the case where the frame offset between users is 0. This simplifies the scheduling of compressed frames (see figure 2). It is possible to see that a different user can be scheduled every two frames. This means that ten users can share the same code for compressed mode purposes. Hence, the code usage in this case is: 10+2=12 codes of SF=128. This represents a 40% reduction compared to the current implementation.

When the frame offset between users cannot be 0 then different users need to be ordered based on their frame offset relative to the primary CPICH frame. If UE’s compressed frames are allocated in sequence with increasing order of frame offset then only one frame is lost in the process. Hence, it is possible in the example described above to schedule nine users on a single code (see figure 3). The code usage will be 9+2=11 codes of SF=128 instead of 18 for the current specification. This represents a gain of 38%.

Note that in these calculations apply independently of the duration of the compressed mode gap. If however, the compressed mode gap is such that TGL>15-TGL/2(TGL>10, then it is possible to interlace the compressed mode gaps of different users thus fitting the compressed frames of two users in three frames instead of four. If the frame offsets are such that they allow the pairing of interlaced users then a code could hold at least 14 users. The code usage in that case is 16 SF=128 codes instead of 28, giving a 42% gain.







Figure 2: Illustration of user scheduling with same frame offset


Figure 3: Illustration of scheduling users with different frame offsets






Figure 4: Illustration of user interlaced scheduling

6. Conclusion

We are suggesting that none of the available options provides an efficient method for serving a large number of users operating in compressed mode in the same cell. From that perspective, compressed mode may be regarded as a “broken” feature. 

We are proposing to adopt a variation of the compressed mode methods currently specified for the downlink that would trade-off a limited amount of code resources in order to preserve the quality of service provided to users without risking to hit transmit power limitations.

It is not a significant departure from the methods that are already described in the standard. The only difference with the regular compressed mode with SF/2 using the primary scrambling code is the identity of the SF/2 channelization code that is used during compressed transmission.

From a RAN2 point of view, there seems to be consensus that compressed mode is a feature that is not yet stable. Therefore, the change proposed could be regarded as an isolated impact change.
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10.3.6.21
Downlink DPCH info for each RL

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

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	

	>>Primary CPICH usage for channel estimation
	MP
	
	Primary CPICH usage for channel estimation 10.3.6.62
	

	>>DPCH frame offset
	MP
	
	Integer(0..38144 by step of 256)
	Offset (in number of chips) between the beginning of the P-CCPCH frame and the beginning of the DPCH frame

This is called (DPCH,n in [26]

	>>Secondary CPICH info
	OP
	
	Secondary CPICH info 10.3.6.73
	

	>>DL channelisation code
	MP
	1 to <maxDPCH-DLchan>
	
	For the purpose of physical channel mapping [27] the DPCHs are numbered, starting from DPCH number 1, according to the order that they are contained in this IE.

	>>>Secondary scrambling code
	MD
	
	Secondary scrambling code 10.3.6.74
	Default is the same scrambling code as for the Primary CPICH 

	>>>Spreading factor
	MP
	
	Integer(4, 8, 16, 32, 64, 128, 256, 512)
	Defined in CHOICE SF512-AndCodenumber with "code number" in ASN.1.

	>>>Code number
	MP
	
	Integer(0..Spreading factor - 1)
	

	>>>Scrambling code change 
	CH-SF/2
	
	Enumerated (code change, no code change)
	Indicates whether the alternative scrambling code is used for compressed mode method 'SF/2'. 

	>>>Compressed Transmission SF/2 Code number
	OP
	
	Integer(0..Spreading factor/2 - 1)
	Indicates the ‘SF/2’ code that should be used during reception of compressed transmission on the downlink. Is only included if CH-SF/2 is verified and Scrambling code change = no code change. The ASN.1 change is implemented using non-critical extensions.

	>>TPC combination index
	MP
	
	TPC combination index 10.3.6.85
	

	>>SSDT Cell Identity
	OP
	
	SSDT Cell Identity 10.3.6.76
	

	>>Closed loop timing adjustment mode
	CH-TxDiversity Mode
	
	Integer(1, 2)
	It is present if current TX Diversity Mode in UE is "closed loop mode 1" or "closed loop mode 2".

Value in slots

	>TDD
	
	
	
	

	>>DL CCTrCh List
	MP
	1..<maxCCTrCH>
	
	

	>>>TFCS ID
	MD
	
	Integer(1..8)
	Identity of this CCTrCh.

Default value is 1 

	>>>Time info
	MP
	
	Time Info 10.3.6.83
	

	>>>Downlink DPCH timeslots and codes
	MD
	
	Downlink Timeslots and Codes 10.3.6.32
	Default is to use the old timeslots and codes.

	>>>UL CCTrCH TPC List
	MD
	0..<maxCCTrCH>
	
	UL CCTrCH identities for TPC commands associated with this DL CCTrCH. Default is previous list or all defined UL CCTrCHs 

	>>>>UL TPC TFCS Identity
	MP
	
	Transport Format Combination Set Identity 10.3.5.21
	


	Condition
	Explanation

	SF/2
	The information element is mandatory if the UE has an active compressed mode pattern sequence, which is using compressed mode method "SF/2". Otherwise the IE is not needed.

	TxDiversity Mode
	This IE is present if current TX Diversity Mode in UE is "closed loop mode 1" or "closed loop mode 2". Otherwise the IE is not needed.


10.3.6.22
Downlink DPCH info for each RL Post

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

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	

	>>Primary CPICH usage for channel estimation
	MP
	
	Primary CPICH usage for channel estimation 10.3.6.62
	

	>>Secondary scrambling code
	MD
	
	Secondary scrambling code 10.3.6.74
	Default is the same scrambling code as for the Primary CPICH 

	>>CHOICE Spreading factor
	MP
	
	Integer(4, 8, 16, 32, 64, 128, 256, 512)
	Defined in CHOICE SF512-AndCodenumber with "code number" in ASN.1.

	>>Code number
	MP
	
	Integer(0.. Spreading factor - 1)
	

	>>Scrambling code change 
	CH-SF/2
	
	Enumerated (code change, no code change)
	Indicates whether the alternative scrambling code is used for compressed mode method 'SF/2'. 

	>>Compressed Transmission SF/2 Code number
	OP
	
	Integer(0..Spreading factor/2 - 1)
	Indicates the ‘SF/2’ code that should be used during reception of compressed transmission on the downlink. Is only included if CH-SF/2 is verified and Scrambling code change = no code change. The ASN.1 change is implemented using non-critical extensions.

	>>>TPC combination index
	MP
	
	TPC combination index 10.3.6.85
	

	>TDD
	
	
	
	

	>>Downlink DPCH timeslots and codes
	MP
	
	Downlink Timeslots and Codes 10.3.6.32
	


10.3.6.33
DPCH compressed mode info

NOTE:
Only for FDD.

This information element indicates the parameters of the compressed mode to be used by the UE in order to perform inter-frequency and inter-RAT measurements.

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

	Transmission gap pattern sequence
	MP
	1 to <maxTGPS>
	
	

	>TGPSI
	MP
	
	TGPSI 10.3.6.82
	

	>TGPS Status Flag
	MP


	
	Enumerated(active, inactive)
	This flag indicates the current status of the Transmission Gap Pattern Sequence, whether it shall be activated or deactivated.

	>TGCFN
	CV-Active
	
	Integer (0..255)
	Connection Frame Number of the first frame of the first pattern within the Transmission Gap Pattern Sequence.

	>Transmission gap pattern sequence configuration parameters
	OP
	
	
	

	>>TGMP
	MP
	
	Enumerated(TDD measurement, FDD measurement, GSM carrier RSSI measurement, GSM Initial BSIC identification, GSM BSIC re-confirmation, Multi-carrier measurement)
	Transmission Gap pattern sequence Measurement Purpose.

	>>TGPRC
	MP
	
	Integer (1..511, Infinity)
	The number of transmission gap patterns within the Transmission Gap Pattern Sequence.

	>>TGSN
	MP
	
	Integer (0..14)
	Transmission Gap Starting Slot Number

The slot number of the first transmission gap slot within the TGCFN.

	>>TGL1
	MP
	
	Integer(1..14)
	The length of the first Transmission Gap within the transmission gap pattern expressed in number of slots

	>>TGL2
	MD
	
	Integer (1..14)
	The length of the second Transmission Gap within the transmission gap pattern. If omitted, then TGL2=TGL1.

	>>TGD
	MP
	
	Integer(15..269, undefined)
	Transmission gap distance indicates the number of slots between starting slots of two consecutive transmission gaps within a transmission gap pattern. If there is only one transmission gap in the transmission gap pattern, this parameter shall be set to zero.



	>>TGPL1
	MP
	
	Integer (1..144)
	The duration of transmission gap pattern 1.

	>>TGPL2
	MD
	
	Integer (1..144)
	The duration of transmission gap pattern 2. If omitted, then TGPL2=TGPL1.

	>>RPP
	MP
	
	Enumerated (mode 0, mode 1).
	Recovery Period Power control mode during the frame after the transmission gap within the compressed frame. Indicates whether normal PC mode or compressed PC mode is applied

	>>ITP
	MP
	
	Enumerated (mode 0, mode 1).
	Initial Transmit Power is the uplink power control method to be used to compute the initial transmit power after the compressed mode gap.

	>>CHOICE UL/DL mode
	MP
	
	
	

	>>>DL only
	
	
	
	Compressed mode used in DL only

	>>>>Downlink compressed mode method
	MP
	
	Enumerated (puncturing, SF/2, higher layer scheduling)
	Method for generating downlink compressed mode gap



	>>>UL only
	
	
	
	Compressed mode used in UL only

	>>>>Uplink compressed mode method
	MP
	
	Enumerated (SF/2, higher layer scheduling)
	Method for generating uplink compressed mode gap

	>>>UL and DL 
	
	
	
	Compressed mode used in UL and DL

	>>>>Downlink compressed mode method
	MP
	
	Enumerated (puncturing, SF/2, higher layer scheduling)
	Method for generating downlink compressed mode gap



	>>>>Uplink compressed mode method
	MP
	
	Enumerated (SF/2, higher layer scheduling)
	Method for generating uplink compressed mode gap

	>>Downlink frame type
	MP
	
	Enumerated (A, B)
	

	>>DeltaSIR1
	MP
	
	Real(0..3 by step of 0.1)
	Delta in DL SIR target value to be set in the UE during the frame containing the start of the first transmission gap in the transmission gap pattern (without including the effect of the bit-rate increase)

	>>DeltaSIRafter1
	MP
	
	Real(0..3 by step of 0.1)
	Delta in DL SIR target value to be set in the UE one frame after the frame containing the start of the first transmission gap in the transmission gap pattern. 

	>>DeltaSIR2
	OP
	
	Real(0..3 by step of 0.1)
	Delta in DL SIR target value to be set in the UE during the frame containing the start of the second transmission gap in the transmission gap pattern (without including the effect of the bit-rate increase)

When omitted, DeltaSIR2 = DeltaSIR1.

	>>DeltaSIRafter2
	OP
	
	Real(0..3 by step of 0.1)
	Delta in DL SIR target value to be set in the UE one frame after the frame containing the start of the second transmission gap in the transmission gap pattern.

When omitted, DeltaSIRafter2 = DeltaSIRafter1.

	>>N Identify abort
	CV-Initial BSIC
	
	Integer(1..128)
	Indicates the maximum number of repeats of patterns that the UE shall use to attempt to decode the unknown BSIC of the GSM cell in the initial BSIC identification procedure

	>>T Reconfirm abort


	CV-Re-confirm BSIC
	
	Real(0.5..10.0 by step of 0.5)
	Indicates the maximum time allowed for the re-confirmation of the BSIC of one GSM cell

in the BSIC re-confirmation procedure. The time is given in steps of 0.5 seconds.


	Condition
	Explanation

	Active
	This information element is only sent when the value of the "TGPS Status Flag" IE is "Active".

	Initial BSIC
	This information element is only sent when the value of the IE "TGMP" is set to "GSM Initial BSIC identification".

	Re-confirm BSIC
	This information element is only sent when the value of the IE "TGMP" is set to "GSM BSIC re-confirmation".
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