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1 Introduction

The orthogonal code space is an important system resource for WCDMA DL transmission. Orthogonal transmission is achieved by allocating OVSF codes to different control and data channels. For HS-DSCH, multiple SF=16 codes can be used for DL transmission within a subframe. The HS-DSCH provides a highly efficient radio link and can potentially support a large number of users. However, the capacity of HS-DSCH can be limited considerably due to a shortage of available orthogonal codes (since in reality not all the available 16 codes can be used for HSDPA without eliminating the entire code tree away from all other channels including the high priority DCH channels which are also required for the HSDPA to carry pilot and power control information).

1.1 Causes of Code Limitation in HSDPA

The shortage of codes can result due to various reasons including the code usage by associated DPCH for HSDPA users (basically carrying pilot and power control information) and other dedicated channels. For R’99 data services, an inactivity timer is typically employed to ensure that code resources are released for other users. However, there are certain data applications (e.g. chatty applications, TCP acknowledgements) for which long inactivity timers may be needed in order to ensure low delay. As a result, these applications tend to use up significant fractions of the codes but have very low power requirements. Voice users could also make inefficient use of codes since codes remain assigned during periods of inactivity. This leads to power code imbalance, an effect further compounded by soft handoff on the downlink. Enhancements that provide power benefit (e.g. beamforming) also need corresponding improvements in the code dimension so that the system capacity benefits can be realized. These effects can result in a disproportionately large amount of power available for HS-DSCH as compared to codes.

1.2 Effect of Code Limitation on HSDPA

In this section, it is shown that code limitation can substantially constrain the throughputs achieved in HSDPA. Precisely, it present the OTA and service throughput attained using single antenna (i.e., no transmit diversity) and CLTD Mode-1 (Close Loop Transmit Diversity 1). In particular, two cases are considered: one where only 25% of the codes (4 codes) are available for HSDPA (i.e., system with code limitation) and another where 62.5% of the codes (10 codes) are available (i.e., system without code limitation). In both cases, 63% of the overall power fraction is assumed to be available for HSDPA. Figure 1 below shows Over The Air (OTA) throughput attained in each of the above cases in a single path Rayleigh fading channel model. The horizontal axis shows the load measured in terms of number of UEs (with an “average” bit rate used by each UE at approximately 40Kbit/s).

Observe that in the code‑constrained case (only 4 codes available), the OTA throughput remain at the maximum physical (theoretical) limit of 1.56Mbit/s as the load in the system increase. Where there is no code limitation (10 codes available) the theoretical maximum limit is 4.8Mbit/s, which will allow serving of well over 100 UEs in the system (although this figure will decrease if the bit rate required by UEs increase). This clearly illustrates the effect on system capacity due to the code-power imbalance. 

With the availability of additional antennas, transmit diversity schemes such as closed loop (TxAA) can be used for HS-DSCH to provide link level performance improvements. However, the gains achieved by the transmit diversity schemes can be small when the system is code limited since transmit diversity only provides power benefit, which does not solve the code limitation problem.

The code limitation problem can be partly resolved by using higher coding rates and high order modulations. However, high coding rates and higher order modulations come with associated penalties thus impacting the overall system capacity. Furthermore, in some cases, higher order modulations may not be available – the highest order modulation available for HS-DSCH is 16QAM.  Moreover, the introduction of HSDPA UE classes that only support QPSK ensures that higher rates can be achieved only by using a larger number of codes. MIMO techniques can also solve the code limitation problem but require multiple transmit and multiple receive antennas. 
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Figure 1: OTA with single antenna and CLTD Mode-1.

2 Code Re-use solution for HSDPA 

A possible solution to alleviate the code limitation problem for HSDPA systems is to create additional OVSF code tree to obtain more HSDPA physical channels. This can be achieved by:

1. Setting up a separate OVSF tree for HSDPA users by assigning a secondary scrambling code to HS-DSCH 

2. Allowing the set up of multiple scrambling codes in a cell at the same time, for HSDPA users so that OVSF codes which are under different scrambling codes could be reused. In this way, additional HSDPA links could be set up simultaneously in a cell.

While solution 1 is supported even today by the NBAP and RRC signalling, it is only a partial solution since this allows the use of only one scrambling code at a time in the cell. This will potentially free up a maximum of 16 codes, out of which a certain number will be used up by the control channels HS-SCCHs.

Solution 2 is a more complete and desirable solution since it allows a significant flexibility in code capacity by  setting up of additional HSDPA links, as the load in the network increases, through use of multiple scrambling codes. The advantages of this approach are:

1. Alignment of HSDPA with DSCH and DCH - OVSF codes expansion through use of additional Secondary Scrambling Codes (SSCs) for both DCHs and DSCHs is already possible in even in Release 99.

2. Efficient use of codes – codes are allocated for all channels until load (number of UEs) increases for HSDPA use when the RNC can search for additional scrambling codes which has available OVSF codes.

3. Support beam forming – within a sector, independent HSDPA links can be set up on separate scrambling codes, each serving one beam.

3 Conclusions

Changes required in the specifications (see attachment) are minimal to bring the additional flexibility and benefits as described above. To align the HSDPA feature with R99 and R4 capabilities and provide the possibility of significant capacity benefits through the use of multiple scrambling codes,  it is  proposed that TSG RAN WG3 agree on the concept and work on a suitable solution/CR for approval at the next TSG RAN Plenary.
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Annex: Simulation parameters

The system level simulation parameters are listed in Table 1 below. These are standard parameters agreed by RAN 1 to be used by all companies for HSDPA simulation and analysis.

Table 1 Basic system level simulation assumptions.
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	Provide your cell layout picture

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in [2]
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Max. 70 % of total cell power
	

	Slow fading
	As modeled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	Specify the value used
	Retransmissions by fast HARQ


	Fast HARQ scheme
	A2IR
	

	BS total Tx power
	Up to 44 dBm
	

	Active set size
	3
	Maximum size

	Frame duration
	2.0 ms
	

	Scheduling
	normalized Max C/I
	

	Specify Fast Fading model
	Jakes spectrum
	Generated e.g. by Jakes or Filter approach 


The fundamentals of the data-traffic model are captured in Table 2 below.

Table 2 Data-traffic model parameters

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	μ = 5 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time

 (open- loop)
	Geometric
	μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)

	Packet Inter-arrival Time

 (closed-loop)
	Deterministic
	TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)
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8.2.18
Physical Shared Channel Reconfiguration

8.2.18.1
General


This procedure is used to assign HS-DSCH related resources to the Node B.


8.2.18.2
Successful Operation
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Figure 26: Physical Shared Channel Reconfiguration: Successful Operation


The procedure is initiated with a PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message sent from the CRNC to the Node B using the Node B Control Port.


[FDD – If N number of HS-DSCH link is requested (N>1), the Node B shall setup N pair of HS-PDSCH and HS-SCCH within a cell, each pair on a different scrambling code.


For each HS-DSCH link, If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes an SFN IE, the Node B shall activate the new configuration on that specified SFN.


HS-DSCH Resources


[FDD - For each HS-DSCH link, If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-PDSCH and HS-SCCH Total Power IE, the Node B shall not exceed this maximum transmission power on all HS-PDSCH and HS-SCCH codes for that HS-DSCH link in the cell. If a value has never been set or if the value of the HS-PDSCH Total Power IE is equal to or greater than the maximum transmission power of the cell the Node B may use all unused power for HS-PDSCH and HS-SCCH codes.]


[FDD - For each HS-DSCH link, If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-PDSCH and HS-SCCH Scrambling Code IE, the Node B shall use this as the scrambling code for all HS-PDSCHs and HS-SCCHs. If a value has never been set, the Node B shall use the primary scrambling code for all HS-PDSCH and HS-SCCH codes, for that HSDSCH link.    If a value has been set AND the HS-DSCH remove IE is included, the Node B shall delete all resources associated with the HS-DSCH link identified by the HS-SCCH Scrambling Code.]


[FDD - For each HS-DSCH link, If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-PDSCH FDD Code Information IE, the Node B shall:


-
If the HS-PDSCH FDD Code Information IE contains no code, delete any existing HS-PDSCH resources for that HS-DSCH link from the cell.


-
If the HS-PDSCH FDD Code Information IE contains one or more codes and HS-PDSCH resources are not currently configured in the cell, use this list as the range of codes for HS-PDSCH channels.


-
If the HS-PDSCH FDD Code Information IE contains one or more codes and HS-PDSCH resources are currently configured in the cell, replace the current range of codes with this new range of codes for HS-PDSCH channels.]


[FDD - For each HS-DSCH link, If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-SCCH FDD Code Information IE, the Node B shall:


-
If the HS-SCCH FDD Code Information IE contains no code, delete any existing HS-SCCH resources for that HD-DSCH link from the cell.


-
If the HS-SCCH FDD Code Information IE contains one or more codes and HS-SCCH resources are not currently configured in the cell, use this list of codes as the list of codes for HS-SCCH channels.


-
If the HS-SCCH FDD Code Information IE contains one or more codes and HS-SCCH resources are currently configured in the cell, replace the current list of codes with this new list of codes for HS-SCCH channels.]


Response Message


HS-DSCH/HS-SCCH Resources


In the successful case involving HS-PDSCH or HS-SCCH resources, the Node B shall make these resources available to all the current and future HS-DSCH transport channels; and shall respond with PHYSICAL SHARED CHANNEL RECONFIGURATION RESPONSE:


8.2.17
Radio Link Setup


8.2.17.1
General


This procedure is used for establishing the necessary resources for a new Node B Communication Context in the Node B.


[FDD – The Radio Link Setup procedure is used to establish one or more radio links. The procedure establishes one or more DCHs on all radio links, and in addition, it can include the establishment of one or more DSCHs or an HS-DSCH on one radio link.]


[TDD – The Radio Link Setup procedure is used to establish one radio link including one or more transport channels. The transport channels can be a mix of DCHs, DSCHs, and USCHs, or DCHs and an HS-DSCH, including also combinations where one or more transport channel types are not present.]


8.2.17.2
Successful Operation
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Figure 24: Radio Link Setup procedure, Successful Operation


The procedure is initiated with a RADIO LINK SETUP REQUEST message sent from the CRNC to the Node B using the Node B Control Port.

--------------------CUT------------------

HS-DSCH(s):


If the HS-DSCH Information IE is present, the Node B shall configure the new HS-DSCH resources according to the parameters given in the message.


[FDD – If the HS-PDSCH and HS-SCCH Scrambling Code IE is included in the HS-DSCH Information IE, the Node B shall configure the HS-DSCH resources for the HS-DSCH link identified by, and transmitted on, the given Scrambling Code. Otherwise the HS-DSCH link on the Primary Scrambling Code is assumed.]

[FDD – If the HS-SCCH Power Offset IE is included in the HS-DSCH Information IE, the Node B may use this value to determine the HS-SCCH power. If there are multiple HS-SCCHs assigned for one UE then the same power offset is applied to each of the HS-SCCH channel.]

[FDD – If the HS-DSCH Information IE and the HS-PDSCH RL ID IE are present, the Node B shall configure the new HS-DSCH resources in the radio link specified by the HS-PDSCH RL ID.]


In addition, the Node B shall include in the RADIO LINK SETUP RESPONSE message the Binding ID IE and Transport Layer Address IE for the transport bearers to be established for the HS-DSCH MAC-d flows of this RL.


---------------------CUT--------------------------


8.3.19
Radio Link Parameter Update 


8.3.19.1
General


The Radio Link Parameter Update procedure is excuted by the Node B when the update of HS-DSCH related radio link parameter values are needed on the Node B side. With this procedure, Node B can suggest some HS-DSCH related Radio Link Parameter values to RNC. 

The Radio Link Parameter Update procedure shall not be initiated if a Prepared Reconfiguration exists, as defined in subclause 3.1.


8.3.19.2
Successful Operation
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Figure 48: Radio Link Parameter Update Indication, Successful Operartion

The Node B initiates the Radio Link Parameter Update procedure by sending the RADIO LINK PARAMETER UPDATE INDICATION message to the CRNC. The message contains suggested value(s) of the HS-DSCH related parameter(s) that should be reconfigured on the radio link. 


If Node B needs to update HS-DSCH related parameters, Node B shall initiate RADIO LINK PARAMETER UPDATE INDICATION message including [FDD - HS-DSCH FDD Update Information IE] [TDD - HS-DSCH TDD Update Information IE]. The Node B shall also include the HS-PDSCH and HS-SCCH Scrambling Code to identify the HS-DSCH link for which the Update Information is applicable.

If Node B needs to allocate new HS-SCCH Codes, Node B shall initiate RADIO LINK PARAMETER UPDATE INDICATION message including HS-SCCH Code Change Indicator IE.


If Node B needs to update the CQI Feecback Cycle k, CQI Repetition Factor, ACK-NACK Repetition Factor, CQI Power Offset, ACK Power Offset and/or NACK Power Offset, Node B shall initiate RADIO LINK PARAMETER UPDATE INDICATION message including CQI Feecback Cycle k IE, CQI Repetition Factor IE, ACK-NACK Repetition Factor IE, CQI Power Offset IE, ACK Power Offset IE and/or NACK Power Offset IE.


8.3.19.3
Abnormal Conditions 


9.1.62
PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST


9.1.62.1
FDD 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



		Transaction ID 

		M

		

		9.2.1.62

		

		–

		



		C-ID

		M

		

		9.2.1.9

		

		YES

		reject



		HS-DSCH DL Code Information



		

		1..< MaxNoofHSDSCHlinks>

		

		

		

		



		> SFN

		O

		

		9.2.1.53A

		

		YES

		reject



		> HS-PDSCH and HS-SCCH Total Power

		O

		

		Maximum Transmission Power


9.2.1.40

		Maximum transmission power to be allowed for HS-PDSCH and HS-SCCH codes

		YES

		reject



		> HS-PDSCH and HS-SCCH Scrambling Code Information

		

		1

		



		



		

		



		    >> HS-PDSCH and


         HS-SCCH Scrambling


         Code

		O

		

		DL Scrambling Code 


9.2.2.13

		Scrambling code on which HS-PDSCH and HS-SCCH is transmitted.


0= Primary scrambling code of the cell 1…15 = Secondary scrambling code

		YES

		reject



		    >> HS-DSCH remove

		O

		

		

		Indicates removal of the HS-DSCH link transmitted on  the HS-PDSCH and HS-SCCH Scrambling Code

		YES

		reject



		> HS-PDSCH FDD Code Information

		

		0..1

		9.2.2.18F

		

		YES

		reject



		> HS-SCCH FDD Code Information

		

		0..1

		9.2.2.18G

		

		YES

		reject





		Range Bound

		Explanation



		MaxnoofPDSCHSets

		Maximum number of PDSCH Sets in a cell.



		MaxnoofPDSCHs

		Maximum number of PDSCH in a cell.



		MaxnoofPUSCHSets

		Maximum number of PUSCH Sets in a cell.



		MaxnoofPUSCHs

		Maximum number of PUSCH in a cell.



		MaxnoofDLts

		Maximum number of Downlink time slots in a cell for 3.84Mcps TDD.



		MaxnoofULts

		Maximum number of Uplink time slots in a cell for 3.84Mcps TDD.



		MaxnoofULtsLCR

		Maximum number of Uplink time slots in a cell for 1.28Mcps TDD



		MaxNoofHSDSCHlinks

		Maximum number of HSDSCH resources/links each transmitted on a  different scrambling code.



		MaxnoofHSSCCHs

		Maximum number of HS-SCCHs in a Cell





9.2.2.18D
HS-DSCH FDD Information


The HS-DSCH Information provides information for HS-DSCH MAC-d flows to be established.


		IE/Group Name

		Presence

		Range

		IE Type and Reference

		Semantics Description

		Criticality

		Assigned Criticality



		HS-PDSCH and HS-SCCH Scrambling Code

		O

		

		DL Scrambling Code 


9.2.2.13

		Identifies the HS-DSCH link for which the HD-DSCH Information is applicable.


0= Primary scrambling code of the cell; 1…15 = Secondary scrambling code.

		

		



		HS-DSCH MAC-d Flow Specific Information

		

		1..<maxnoofMACdFlows>

		

		

		–

		



		>HS-DSCH MAC-d Flow ID

		M

		

		9.2.1.31I

		

		–

		



		>Allocation/Retention


Priority

		M

		

		9.2.1.1A

		

		–

		



		>Binding ID

		O

		

		9.2.1.4

		Shall be ignored if bearer establishment with ALCAP.

		–

		



		>Transport Layer Address

		O

		

		9.2.1.63

		Shall be ignored if bearer establishment with ALCAP.

		–

		



		>Priority Queue Information

		M

		1..<maxnoofPrioQueues>

		

		

		–

		



		>>Priority Queue ID

		M

		

		9.2.1.49C

		

		–

		



		>>Scheduling Priority


Indicator

		M

		

		9.2.1.53H

		

		–

		



		>>MAC-d PDU Size Index

		

		1..<maxnoofMACdPDUindexes>

		

		

		–

		



		>>>SID

		M

		

		9.2.1.53I

		

		–

		



		>>>MAC-d PDU Size

		M

		

		9.2.1.38A

		

		–

		



		UE Capabilities Information

		

		1

		

		

		–

		



		>Max TrCH Bits Per HS-DSCH TTI

		M

		

		ENUMERATED (7300, 14600, 20456, 28800,...)

		

		–

		



		>HS-DSCH Multi-Code Capability

		M

		

		ENUMERATED 


(5, 10, 15,...)

		

		–

		



		>Min Inter-TTI Interval

		M

		

		INTEGER (1..3,...)

		

		–

		



		>MAC-hs Reordering Buffer Size

		M

		

		INTEGER (1..300,...)

		Total combined receiving buffer capability in RLC and MAC-hs in kBytes

		–

		



		HARQ Memory Partitioning

		

		1..<maxnoofHARQprocesses>

		

		

		

		



		>Process Memory Size

		M

		

		INTEGER


(1..172800,...)

		

		–

		



		CQI Feedback  Cycle k

		M

		

		9.2.2.21B

		

		–

		



		CQI Repetition Factor

		C-CQICyclek 

		

		9.2.2.4Cb

		

		–

		



		ACK-NACK Repetition Factor

		M

		

		9.2.2.a

		

		–

		



		CQI Power Offset 

		M

		

		9.2.2.4Ca

		

		–

		



		ACK Power Offset

		M

		

		9.2.2.b

		

		–

		



		NACK Power Offset

		M

		

		9.2.2.23a

		

		–

		



		HS-SCCH Power Offset

		O

		

		9.2.2.18I

		

		–

		





		Condition

		Explanation



		CQICyclek

		The IE shall be present if the CQI Feedback  Cycle k IE is set to a value greater than 0.





		Range Bound

		Explanation



		maxnoofMACdFlows

		Maximum number of HS-DSCH MAC-d flows



		maxnoofPrioQueues

		Maximum number of Priority Queues



		maxnoofHARQprocesses

		Maximum number of HARQ processes for one UE



		maxnoofMACdPDUindexes

		Maximum number of different MAC-d PDU SIDs



		maxAllowedinterTTI

		Maximum Inter-TTI Interval that should be supported by any UE



		maxRecordBuffSize

		Maximum MAC-hs re-ordering buffer size



		maxProcessMemSize

		Maximum HARQ process memory size





9.1.89
RADIO LINK PARAMETER UPDATE INDICATION 

9.1.89.1
FDD 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



		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

		

		–

		



		HS-PDSCH and HS-SCCH Scrambling Code

		

		

		DL Scrambling Code 


9.2.2.13

		Identifies the HS-DSCH link for which the Update Information is applicable.


0= Primary scrambling code of the cell; 1…15 = Secondary scrambling code. If no value is given, link transmitted on the primary scrambling code is used.

		

		



		HS-DSCH FDD Update Information

		O

		

		9.2.2.18Ea

		

		YES

		reject





9.2.2.18Ea
HS-DSCH FDD Update Information

The HS-DSCH FDD Update Information IE provides information for HS-DSCH to be updated. At least one IE shall be presented.

		IE/Group name

		Presence

		Range

		IE Type and Reference

		Semantic Description

		Criticality

		Assigned Criticality



		

		

		

		

		

		

		



		HS-SCCH Code Change Indicator

		O

		

		9.2.1.31K

		

		–

		



		CQI Feedback Cycle k

		O

		

		9.2.2.21B

		

		–

		



		CQI Repetition Factor 

		O

		

		9.2.2.4Cb

		

		–

		



		ACK-NACK Repetition Factor

		O

		

		9.2.2.a

		

		–

		



		CQI Power Offset

		O

		

		9.2.2.4Ca

		

		–

		



		ACK Power Offset

		O

		

		9.2.2.b

		

		–

		



		NACK Power Offset

		O

		

		9.2.2.23a

		

		–
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