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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is intended to capture findings produced in the context of the Feasibility Study on Dual-Cell HSDPA operation [1]. 

The work under this study item aims at assessing the feasibility, benefits and complexity of combining network radio resources (i.e. cells) to achieve enhanced user experience and enhanced user experience consistency. The assessment focuses on scenarios with the following constraints:
· The dual cell operation only applies to downlink HS-DSCH.
· The two cells belong to the same Node-B and are on different carriers.
· The two cells do not use MIMO to serve UEs configured for dual cell operation.
· Primary priority: The two cells operate in the same frequency band. Other allocations can be considered with lower priority
In order to characterize benefits of Dual-Cell HSDPA operation, possible enhancements of performance throughout the cell and in particular in the outer area of the cell coverage are evaluated considering:

· UE receiver impairments caused by the implementation of dual-cell operation,

· Node B scheduler architecture (per carrier or joint scheduler),

· Load balancing when coupled with joint scheduling vs. per carrier scheduling.

Furthermore, impacts on implementation and complexity within the UTRA and UE, impacts systems operation (e.g. UL controlchannel coverage and operation of legacy UE), and impacts on the core specifications due to introducing Dual-Cell HSDPA operation are identified. 
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TD RP-080228: "Feasibility Study on Dual-Cell HSDPA operation".

[2]
3GPP TR 21 912: "Vocabulary for 3GPP Specifications".
[3]
R1-081706 “Simulation Assumptions for DC HSDPA Performance Evaluations”
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Subclause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].
Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].
Abbreviation format

<ACRONYM>
<Explanation>

4
Considerations related to Dual-Cell HS-DSCH operation 
4.1
Co-existence with legacy UEs
Legacy UE operation will not be impacted by the introduction of the DC-HSDPA in the system. In particular, it should still be possible to operate a UE in MIMO mode on either of the two carriers, while another UE could be in DC-HSDPA mode using these two carriers.
4.2
Carrier allocation

Anchor carrier: Only an anchor carrier has all the dedicated channels including DPCH/F-DPCH, E-HICH, E-AGCH, E-RGCH. 

Supplementary carrier: During dual carrier operation in CELL_DCH, the supplementary carrier is the downlink frequency carrier which is not the Anchor Carrier.
4.3 Cell Definition

21.905 defines a Cell as a “Radio network object that can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area from one UTRAN Access Point”. In MC HSDPA, a cell means a radio network object representing a combination of a carrier and a geographical area.

4.4 Sector Definition

21.905 defines a sector as “a sub area of a cell. All sectors within one cell are served by the same base station. A radio link within a sector can be identified by a single logical identification belonging to that sector”.

21.905 implies that a sector refers to a geographical area of coverage. The sector nomenclature was introduced early in the WCDMA development. Since, it does not coexist with the way 3GPP specifications have evolved; this TR alters the sector definition to be associated with one or more cells on different carriers covering the same geographical area. 

(Note: If the redefinition of a sector is not agreeable, we need a new term to carry this definition.)
4.5 Time reference

As stated in [1], the two cells in a multi cell sector belong to the same Node-B.

As stated in [1], the two cells in a multi cell sector are transmitted using the same antenna. 

The two carriers have the same time reference and their downlinks are synchronized. This simplifies the design and the downlink/uplink timing relationships. As a result there is only one (DPCH per UE.

4.5 Active Set

The active set is the aggregate of the legacy single carrier active set on the anchor carrier and the serving cell on the supplementary carrier.
4.3
Physical channel considerations

There are no restrictions of channel operation on the anchor carrier. On the supplementary carrier, the UE can only monitor DL HSDPA related channels.

4.3.1
Allocation of common channels

It is FFS whether all the common control channels are transmitted on both carriers. It may be useful to allow a mode of operation where one carrier does not transmit common control channels except for the pilot and maybe the synchronization channels.
4.3.2
Control channel structures
4.3.2.1
Uplink

4.3.2.1.1 HS-DPCCH
A few design options exist to modify HS-DPCCH for the purpose of carrying ACK/NACK and CQI for both carriers.

4.3.2.1.1.1 Use another channelization code on I branch
In this solution, we can transmit a second HS-DPCCH channel similar to the existing one, on the I branch. We assume that a maximum of 1 dedicated channel is supported on the uplink. 
[Note: Details are TBD based on ongoing discussions.]
4.3.2.1.1.1 Use MIMO HS-DPCCH design 
Before we begin an HS-DPCCH design effort for DC-HSDPA, a natural question would be Why not reuse MIMO HS-DPCCH design?  Given that there is sufficient similarity between the 2 modes of operation (streams v/s cells), the temptation would be to reuse the MIMO channel design. However, there is a key difference:

· In MIMO, the key design was to use a single channelization code to carry jointly encoded HS-SCCH information for both the streams:

· In that case, the UE sends a single HS-DPCCH, based on decoding a single HS-SCCH.

· In response to a single scheduled transport block, the UE sends either an ACK or a NACK

· In response to two scheduled transport blocks, the UE sends one of the following 4 combinations:

· ACK, ACK

· ACK, NACK

· NACK, ACK

· NACK, NACK

· The PRE/POST indication is indicated by two separate code words, one corresponding to PRE and one to POST.

· The 2PCI bits and 8 CQI bits in existing MIMO design could be reused to represent 2*5 =10 bits (5 CQI bits per cell).

· In the DC-HSDPA case, since the UE can receive HS-SCCH information independently from each cell, the issue then is of reliable decoding of HS-SCCH at the UE:

· For example, assume that a UE was scheduled on two cells f1 and f2.

· Say it decodes HS-SCCH on f1, but fails to decode HS-SCCH on f2.

· In that case, the UE sends either an ACK or a NACK for f1.

· However, the NodeB receiver is expecting one of the 4 combinations (ACK/ACK, ACK/NACK, NACK/ACK, NACK/NACK) and hence depending on the decoder implementation, it may detect a wrong combination completely.

· Even if a NodeB receiver is prepared to receive ACK/NACK in addition to the above 4 combinations, if it receives an ACK, then it does not know which cell was acknowledged and hence the transmission is wasted.

As shown above, the current joint code design for MIMO suffers from some problems, since we now have to rely on the UE to jointly decode HS-SCCH from each cell with the same reliability that a UE is capable of today, for a single cell. Also, a joint HS-SCCH would remove much of the flexibility that scheduler would otherwise have to assign different transport formats on the DL cells depending on CQI feedback on each cell and that this can potentially reduce DL gains.

4.3.2.2
Downlink
4.3.2.1.1 HS-SCCH

Both the anchor and supplementary carriers have disjoint HS-SCCH channels. The coding of HS-SCCH is unchanged.
4.4
Impact on system operation and procedures

4.4.1
L1/L2/L3 procedures
4.4.1.1  Dynamic supplementary carrier enabling/disabling at the Node B

From the UE battery point of view, it is beneficial for the Node B to be able to enable and disable the supplementary carrier based on the downlink traffic and channel conditions. For this purpose, HS-SCCH orders could be used to provide such a mechanism.

4.4.1.2 Mobility issues
4.4.1.2.1 Active set change, Serving cell change and Measurement reporting

Although the decision will still reside in the network, there are many possible ways the UE can assist the management of the active set and the serving cell:

4.4.1.2.2 The UE monitors and reports events based on the anchor carrier only

This is the simplest scheme as it takes the existing mechanism and ignores the supplementary carrier. However, it does not allow the support of hotspots.
4.4.1.2.3 The UE monitors both carriers and reports when the events are triggered on the anchor carrier

This is an enhancement to the current scheme where the UE reports the measurement from both carriers when the triggers are triggered on the anchor carrier. Even though this is an enhancement, it still does not catch all the possible trigger points as the triggers are not based on the supplementary carrier, especially for hotspot scenarios. 

4.4.1.2.4 The UE monitors both carriers and reports when the events are triggered on either carrier

This mechanism allows the network to receive all the information. The problem is that it can go too far as it could be triggering double the numbers of events needlessly. The reported measurements could be for the anchor carrier only or for both carriers, whenever any of the events is triggered. 

4.4.1.2.5 The UE monitors both carriers and reports throttled events from both carriers

This proposal tries to get most of the gains without burdening the network with superfluous reports. The simplest way of achieving this is to throttle the events from both carriers, in order to avoid sending duplicate messages for similar triggers happening within a short time frame from each other. The event can still be triggered by one carrier changing conditions, however when the other carrier changes as well, it would probably change in a short amount of time that would be caught by the throttling mechanism.
4.4.1.2.6 The UE monitors both carriers and reports events based on the combination of both carriers

This option can be effective, efficient and flexible. It maximizes the inherent value of reports (triggers) rather than only measurements (contents) so that UE can report from a performance standpoint and UTRAN can decide on hand-off or serving cell change from a resource standpoint (i.e., do not dilute the inherent value of reports by over-reporting). It can consider the aggregate merit of cells across carriers for HS-DSCH serving cell changes rather than the individual carrier merit (e.g. total effective throughput achievable for expected CQIs per carrier). It also can minimize reporting (signalling) overhead but do not under-report. Finally, it removes relieves the network from guessing when to perform mobility procedures. 
4.4.2
UE Capabilities
4.5
Scheduling considerations
The serving cells on both carriers belong to the same sector.

5.5.1  Joint vs Disjoint Queues

The downlink queues at the Node B could be operated in a joint or disjoint manner for the two carriers. 
The working assumption for the simulations is that the queues are joint [3].

5.5.2  Joint Scheduling vs Disjoint Scheduling

Whether the scheduling over the two DL carriers is joint or disjoint, does not impact the specifications. 
The working assumption for the simulations is that the scheduling is joint and using a proportional fair algorithm [3].

5
Performance evaluation
5.1
Outline of performance evaluation methodology
5.1.1
Simulation procedure
5.1.2
Performance evaluation scenarios

5.1.3
Simulation assumptions

(Copy from [3], section 2)
In general, the parameters listed below are the same as those in TR 25.848 and TR 25.896. 

Some parameters or algorithms will be left open for each company to pick its favourite. These are marked with an asterisk (*).

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                                                                              = 70 degrees,

                                                                       Am = 20 dB

	Channel Model
	 PA3, VA3
Fading across carriers is independent for non adjacent carriers.

(*) Two fading models for adjacent carriers:

- Fading across carriers is completely uncorrelated.

- Fading correlation across carriers is modeled using some practical approach (optional)

- Fading across carriers is completely correlated

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

(*) Power allocation: 

- Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or 

- Total available power for HS-PDSCH is 75% of Node B Tx power, with a fixed HS-SCCH transmit power and an ideal decoding, or 

 (*) HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH 
	9 slot CQI delay

CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std

(*) CQI quantization may or may not be modeled

Error-free CQI and ACK decoding 

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF 16 codes capable per carrier

	UE Receiver Type
	Type 2 and Type 3 for both single carrier and DC-HSDPA (*) Realistic C/I estimation 

	Maximum Sector 

Transmit Power
	43 dBm per carrier

	Other Sector Transmit Power
	(*) If OCNS=1, all other sectors always transmit at full power; 

(*) If OCNS=0, other sectors transmit at full power only when they have data. 



	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full buffer and Bursty Traffic Model (as specified in Section Error! Reference source not found.)

	Queuing and Scheduling
	Joint-queue (**) and Proportional Fair (e.g. as specified in Annex A)

	Traffic distribution 
	Uniform over the area

	Number of UEs per sector
	1, 2, 4, 8, 16, 32, 64

In addition, other number of UEs per sector can also be considered.


(*) Parameters or algorithms possibly different between companies.

(**) The data on both carriers in DC HSDPA share the same queue at the Node B.

5.1.2
Traffic Models

(Copy from [3], section 3)

There are two types of traffic: full buffer and bursty traffic. 

Full buffer traffic assumes that each user always has data. 

The following simple model is used for bursty traffic: the burst size is log-normally distributed as in FTP traffic model described in Error! Reference source not found. but with the parameters described in the following table.. There is no underlying transport protocol modeled. The inter-burst time is the time between the arrival of two consecutive bursts.

	Component
	Distribution


	Parameters


	PDF



	File size (S)
	Truncated Lognormal
	Mean = 0.5 Mbytes

Std. Dev. = 0.1805 Mbytes

Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec, 20 sec
	[image: image18.wmf](

)

061

.

13

,

35

.

0

0

,

2

2

ln

2

exp

2

1

=

=

ú

ú

û

ù

ê

ê

ë

é

³

-

-

=

m

s

s

m

s

p

x

x

x

x

f




5.1.3
Simulation scenarios and performance metrics
(Copy from [3], section 4)

5.1.3.1 Bursty traffic

Assuming there are two carriers and altogether 2*N users per sector. In the single carrier system, there are N users in each carrier. In DC HSDPA, all 2*N users use dual carriers. 

The following performance metrics should be compared between the single-carrier system and DC HSDPA:

· Average burst rates at different number of users (N) 

· The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system

· The total time the burst spent in the system is the time difference measured between the instant the data burst arrives at the Node B and the instant when the transfer of the burst over the air interface is completed. 

· The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.

· Total system throughput 

· Normalized and un-normalized user throughput distribution (CDF)

5.1.3.2 Full buffer traffic and balanced load between two carriers

Assuming there are two carriers and altogether 2*N users per sector. In the single carrier system, there are N users in each carrier. In DC HSDPA, all 2*N users use dual carriers. 

The following performance metrics should be compared between the single-carrier system and DC HSDPA: 

· Sector throughput at different number of users (N)

· Normalized and un-normalized user data rate distribution (CDF)

· User data rate gain at different user data rate percentiles: This would be the user throughput improvements as a function of the user-quantile (relative improvement of average per-user throughput over user-quantile, e.g. by how much did the throughput of the worst 10% of users improve). This is metric can demonstrate any cell edge user performance enhancement

· Average user throughput as a function of average sector throughput.

5.1.3.3 Full buffer traffic and imbalanced load between two carriers

This is an optional scenario.

Without multicarrier operation, moving users across carriers is a slow procedure. Even if the network equalizes the number of users across carriers, in real life, there is no sustained full buffer traffic. The traffic for a particular user is bursty and the number of users simultaneously receiving packets in each carrier at any given time can be different. The gains in these situations can be shown by studying full buffer traffic with imbalanced number of users across carriers.

Assuming there are two carriers and altogether 2*N users per sector, let M be the number of users in the first carrier and K the number of users in the second carrier, where M+K=2*N and M(K. In DC HSDPA, all 2*N users use dual carriers. 

The following performance metrics should be compared between the single-carrier system and DC HSDPA: 

· Sector throughput at different total number of users (2*N) and at different user-carrier association (M,K) with the same total number of users, 

· Normalized and un-normalized user data rate distribution (CDF)

· User data rate gain at different user data rate percentiles

· Average user throughput as a function of average sector throughput

5.1.4
Evaluation metrics
5.2 Performance evaluation results
6
Impacts
6.1
Impact on implementation and complexity
6.1.1 UTRAN

6.1.2
UE

6.2
Impact on specifications
6.2.1 RRC Changes
6.2.1.1 URA_PCH and CELL_PCH states

It is FFS whether we need any changes to the Idle mode, URA_PCH state and CELL_PCH state procedures. We may need to update the measurement reporting (the measurement results on RACH).
6.2.1.2 Active set definition

There are two possible ways to manage the active set and the serving cell:

1. The UE is either assigned one carrier from every sector in the active set, or it is assigned two carriers from every sector in the active set

2. The UE is assigned one or two carriers from every sector in the active set

Alternative 1 makes the standard changes simpler, but alternative two does not add significant implementation complexity. Additionally, alternative 2 allows for the deployment of hotspots.

The DC-HSDPA feature shall support the deployment of hotspots. The UTRAN shall be able to assign HSDPA channels on one or both carriers from any sector in the active set. (For example, it shall be possible to assign an active set containing sectors A and B; where sector A operates with DC-HSDPA and sector B operates with a single carrier HSDPA)

6.2.1.3 Channel Assignment

Changes to messages like the Radio Bearer Setup and the Radio bearer Reconfiguration messages are needed.
6.2.1.4 Intra-frequency and Inter-frequency measurement
6.2.1.4.1 Reporting event 1D: Change of best cell
The control and reporting of this event may need to be changed.

6.2.1.4.2 Event 2a: Change of best frequency
The control and reporting of this event may need to be changed.

This event will need to be redefined to compare frequencies other than the ones assigned to the UE to one of the two assigned frequencies or to a combination of both.
7
Conclusion













Annex A: Proportional Fair Schedulers

(Copy from [3], Appendix A)

In a single-carrier case, for a proportional fair scheduler, the priority for user k may be computed as follows:
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is 1024 slots (0.68 second). 
The proportional fair principle can be extended to schedulers in DC HSDPA. One straightforward implementation is to use the single carrier proportional fair scheduler independently on each carrier.

Another implementation of a DC-HSDPA proportional fair is to define the scheduling metric on carrier i as the following: 
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