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1. Overall Description
As part of Release 8 activities, RAN4 has approved a work item to develop specification values for advanced receiver type 3i, which is a two-branch receiver with interference cancellation capabilities [1].  Work has been ongoing in RAN4 on this effort since RAN4 #43, where an initial contribution on proposed test scenarios was submitted [2].  This initial contribution was modified based on feedback provided at that same meeting and submitted to RAN4 #43 bis where it was approved [3].  This latter contribution defines two test scenarios, which are differentiated by the two propagation conditions considered, PA3 and VA30.  The overall intent in defining these test scenarios was to simplify the testing as much as possible, while still verifying the interference cancellation capability.  The proposed test scenarios are summarized in Table 1, where the key parameters along with their recommended values/options are identified.  A remarks column is included, which justifies the values/options selected for each of the parameters.  This table is based upon Table 2 defined in [3], but expanded to define all of the parameters that need to be considered for a complete test of type 3i receiver capabilities.  This expanded table should hopefully provide additional clarification to those in RAN5 who may not be as familiar with all of the details associated with the evaluation of the type 3i receiver.  A simplified block diagram of the test setup is shown in Figure 1.
Table 1.  Test scenarios for establishing type 3i performance values.

	Parameter
	Value/Option
	Remarks

	Propagation conditions
	PB3, VA30
	Primary options used in study item phase. 

	Common channels for serving and interfering cells
	P-CPICH with Ec/Ior = -10 dB
P-CCPCH with Ec/Ior = -12 dB

SCH with Ec/Ior = -12 dB

PICH with Ec/Ior = -15 dB
	Same assumptions as has been used in past for tests involving single transmit antenna, see Table C.8 of TS 25.101 [4].

	Geometry, 
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	0 dB
	Feature provides most gain at low geometries. DIP ratios were only agreed to at 
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	Number of interfering Node Bs, NI and associated DIP ratios
	NI = 3

DIP1 = -2.75 dB

DIP2 = -7.64 dB

DIP3 = -8.68 dB

AWGN = -7.93 dB
	Justification to reduce number of interfering Node Bs from 5 to 3 provided in [2].  However, RAN4 is open to further reduction to 2 if sufficient evidence is provided.

	Code structure in serving and interfering base stations (OCNS)
	Modified HSDPA+R99 code structure as defined in [3] and as described in Annex A
	RAN4 recommended use of HSDPA+R99 scenario.  Modified OCNS is easier to realize with existing test equipment and provides simplified form of DTX.

	DTX
	A simplified form implemented by randomly selecting between two groups of codes on a symbol-by-symbol basis as defined in [3].
	Admittedly this approach does not capture the full functionality of DTX, but does capture the spirit of providing a challenging test environment for advanced receivers.  

	Power control
	Normalized as defined in section 7.1.4 of [5], and as described in Annex A 
	Un-normalized version increased OCNS power thereby degrading throughput plus normalized version is less complex to implement from test equipment perspective.

	Modulation
	QPSK
	For geometry value of 0 dB and the rest of the conditions assumed, QPSK provides higher throughput than QAM [2].

	FRC
	H-Set 6
	For QPSK and the rest of the conditions assumed, H-Set 6 supports a higher throughput than H-Set 3, [2].

	Ec/Ior
	-6 and -3 dB
	Values used in study item phase

	Branch (antenna) correlation
	No correlation between branches
	Assumption used throughout study item phase and for prior advanced receivers with two branches

	Scrambling codes
	Serving cell = 0; Interfering cells = 16, 32 48
	Typical values used during study item phase

	Interfering frame offset
	1296, 2576, 3856 chips relative to serving cell.
	RAN4 recommends including frame offsets.  Including a separate frame offset for each interfering base station should not be that much harder than setting all frame offsets to zero.  

	RV sequence
	{0, 2, 5, 6}
	Typical sequence used in study item phase and in specifying performance in TS 25.101 [4]
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Figure 1.  Simplified block diagram of the type 3i test set-up.

Most of the parameters described in Table 1 are fairly self explanatory and should require little additional explanation.  However, there are a number of parameters unique to evaluating interference cancellation receivers, and for these we provide further explanation.  These latter parameters include the number of interfering Node-Bs and associated DIP ratios; OCNS code structure for serving and interfering cells; DTX modeling; power control; and interfering frame offsets.  
Number of interfering Node Bs and DIP ratios.  During the interference cancellation study item, a great deal of effort was expanded in defining interference models for determining link level performance [5].  The finally agreed to model was geometry dependent and consisted of five interfering Node-Bs plus residual interference that was modeled as filtered AWGN.  The decision to use five interfering Node-Bs was based on a compromise between a higher number, which would have provided more fidelity at the expense of more complexity, and a lower number which would have provided less fidelity, but less complexity.  It was realized at the time however, that a value lower than five would be desirable from an actual testing point of view, since that would reduce the amount of test equipment required and the complexity of the testing.  Based on the results provided in [2], it was decided that we could decrease the number of interfering Node-Bs, NI to three since there was little difference in performance compared to NI = 4, while there was a more noticeable drop-off in going to NI = 2.  Thus, NI = 3 is our current working assumption, but if sufficient evidence is provided by RAN4 #44, we are leaving open the possibility to use NI = 2 since that would further simplify the testing. 
The other key parameter associated with each of the interfering Node-Bs is their respective powers.  During the feasibility study we defined a term called the Dominant Interferer Proportion (DIP) ratio, which describes the ratio of the average power of a given interfering Node B to the total other cell interference including thermal noise [5].  Thus,  we can write DIP as 

[image: image4.wmf]oc

i

or

i

I

I

DIP

)

1

(

ˆ

+

=

                          (1)
where Îorj is the average received power from the j-th strongest base station (Îor1 is assumed to be the power associated with the serving cell), and Ioc is given by 
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where N is the thermal noise power and NBS is the total number of base stations including the serving cell and is equal to  NI + 1.  Based upon these definitions, the more familiar geometry term is given by
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The respective DIP ratios for the three interfering Node-Bs are defined in Table 1 in dB.  To model the residual interference generated by the remaining interfering Node-Bs (beyond the three strongest) plus thermal noise we also defined a residual interferer, which was modeled as filtered AWGN.  Based on the DIP values shown in Table 1, the ratio AWGN/Ioc should be set to -7.93 dB, which is equivalent to about 16% of the total other cell interference power. The AWGN source should be filtered using the pulse shaping filter defined in section 6.8.1 of TS 25.104 [6] to insure correct spectral properties.    

OCNS code structure for serving and interfering cells, DTX, and power control.  During the feasibility study a considerable amount of time was also spent in defining the transmitted code/power characteristics for serving and interfering cells, what is typically referred to as the OCNS definition.  Two network scenarios were defined, one referred to as the HSDPA+R99 scenario and the second referred to as the HSDPA-only scenario.  As the names imply, the former contains a mix of both HSDPA and R99 users, while the latter consisted of just HSDPA users with some additional ‘users’ included to model the effects of F-DPCH.  Link level simulation results were developed for both scenarios and these results showed that there was little difference in performance for the baseline LMMSE receiver.  To simplify testing, it was originally proposed in [2] to use just the HSDPA-only scenario, but feedback provided by the group at RAN4 #43 recommended the use of the HSDPA+R99 scenario since it was felt that this latter scenario was closest to what would be encountered in near-term deployments of HSDPA.  It was also recommended at RAN4 #43 to include some form of DTX in the modeling.  The original HSDPA+R99 scenario as defined in section 7 of [4] did not include any DTX, and that is why the group developed a modified version of the HSDPA+R99 scenario as defined in [3].  This latter version implements a simplified form of DTX by randomly selecting between two groups of codes on a symbol-by-symbol basis.  
The complete definition of this modified version of the HSDPA+R99 scenario is given in the appropriate sub-sections of section 7 of [5] with Tables 7.4 and 7.5 replaced by Table 1 of [3].  To aid understanding and put it all in one place, the complete definition is also included in Annex A of this contribution.  Note to further simplify testing, only QPSK modulation with FRC H-Set 6 is specified, while during the study both QPSK and 16-QAM modulation were evaluated in combination with H-Set 6 and H-Set 3.  This latter combination was selected since it supported higher achievable throughputs for the expected low geometry operating conditions.
In addition to the above, the group also felt it was necessary to model some version of power control for those users that are power controlled, e.g. DCH users.  Originally, an un-normalized version was defined, but the problem with this approach was that it led to higher than allocated powers for the other users’ channels.  Thus, the total instantaneous power transmitted by the serving cell and interfering cells (before fading and scaling) will at times exceed unity, and will also at certain times be below unity.  This variation about the allocated power is different from past OCNS definitions and thus, there was concern as to the capability of test equipment to implement [7].  This led to the development of a normalized version of power control, which maintained the total power to that allocated with no variation over time.  This latter version of power control is described in section of 7.1.4 of [5] and in Annex A of this contribution.  
Interfering frame offsets. Finally, the group thought it best to also include different frame offsets for the interfering base stations since this would be closer to what is experienced in an operational deployment.  The three offsets agreed to are specified in Table 1, where the values are expressed in chip times and are close to being multiples of half a slot time (slot time = 2560 chips).   There was some initial discussion over whether to have each of the interfering base stations synchronized to the serving cell, but the above was felt to be more representative of the real-world, and may also lead to a more robust test for some types of interference cancellation receivers.
2. Actions
RAN4 is requesting that RAN5 review this contribution to determine if the testing defined for the type 3i receiver can be implemented, from a hardware perspective with existing test equipment or with slight modifications to this equipment.  We realize that there will need to be software changes to reflect the development of new test scripts, but the intent is to minimize the amount of hardware changes required.  RAN4 is hopeful that the testing defined in this contribution can be implemented with the above constraints since the test scenarios defined take into account feedback provided by several test equipment manufacturers, particularly with regards to the number of OCNS channels and a normalized version of power control [7].  RAN4 is proceeding to develop link level simulation results based on these test scenarios, from which specifications values will eventually be set.  The current work item schedule is to have completed specification values by RAN4 #45 in November of this year.  We would ask that RAN5 carefully consider the need for any changes to the proposed test scenarios since to do so would delay completion of this work item.  That said, if something does arise that needs to be re-evaluated we would hope that the two groups would be able to come to a workable solution, which minimizes the schedule impact.       
3. Date of next TSG-RAN WG4 meeting
TSG-RAN WG4 Meeting #45, Athens, Greece, 20-24 August 2007
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Annex A - Definition of modified version of HSDPA+R99 scenario

A.1 Common channels for serving and interfering cells

The common downlink channels and corresponding powers used in RAN4 HSDPA demodulation requirements with single transmit antenna are listed in the Table C.8 of TS25.101 [5]. Table A.1 below summarizes the common downlink physical channels to be used for the serving and interfering cells defined for the modified version of the HSDPA+R99 scenario
Table A.1 Downlink Physical Channels transmitted during a connection for HSDPA 

	Physical Channel
	Power ratio
	NOTE

	P-CPICH
	P-CPICH_Ec/Ior = -10 dB
	Use of P-CPICH or S‑CPICH as phase reference is specified for each requirement and is also set by higher layer signalling. 

	P-CCPCH
	P-CCPCH_Ec/Ior = -12 dB
	When BCH performance is tested the P-CCPCH_Ec/Ior is test dependent

	SCH
	 SCH_Ec/Ior = -12 dB
	This power shall be divided equally between Primary and Secondary Synchronous channels

	PICH
	PICH_Ec/Ior = -15 dB
	


A.2 Transmitted code and power characteristics for serving cell
In this section the definition of transmitted code and power characteristics are given for the serving cell for the modified version of the HSDPA+R99 scenario.  The assumed downlink physical channel code allocations are given in Table A.2.  Ten HS-PDSCH codes have been reserved for the user of interest, which assumes the use of QPSK with FRC H-Set 6.  The other user codes are selected from 46 possible SF = 128 codes.  Note not all 46 of these codes are used, and as will be explained shortly, only 16 codes are used at a given instance in time.  Table A.3 summarizes the power allocations of different channels for the serving cell for 50% and 25% HS-PDSCH power allocation.

Table A.4 summarizes the channelization codes to be used for the other users channels (ONCS) along with their respective power allocations when HS-PDSCH is allocated 25% or 50% of the total power.  As shown in Table A.4, there are two groups of 16 codes, which are randomly selected on a symbol-by-symbol basis.  This random selection between these two groups is for purposes of modeling a simplified form of DTX.  Note that the switching time for the symbols with SF = 64 would be the symbol timing associated with an SF 64 channel, and the switching time for the symbols with SF = 128 would be the symbol timing for SF = 128 channel.  Thus, there would be two different symbol times dependent upon the SF.  For SF = 64, symbol time ~ 16.67 microseconds, and for SF = 128, symbol time ~ 33.33 microseconds.  We have limited the number of OCNS channels to 16 to keep the requirements consistent with what existing test equipment can support.  Each of these users is also power controlled as described in section A.4.

Table A.2. Downlink physical channel code allocation. 
	Channelization Code at SF=128
	Note

	0
	P-CPICH, P-CCPCH and PICH on SF=256

	1
	

	2…7
	6 SF=128 codes free for OCNS

	8…87
	10 HS-PDSCH codes at SF=16

	88…127
	40 SF=128 codes free for OCNS


                           Table A.3. Summary of modelling approach for the serving cell.
	
	Serving cell

	Common channels
	0.195 (-7.1dB)

As given in Table A.1

	HS-PDSCH transport format
	H-Set 6

	HS-PDSCH power allocation [Ec/Ior]
	0.5

(-3 dB)
	0.25

(-6 dB)

	Other users’ channels 
	0.3049
(-5.16 dB)

Set according to Table A.4
	0.5551
(-2.56 dB)

Set according to Table A.4


Note: The values given in decibel are only for information.

       Table A.4. Modified HSDPA+R99 OCNS for 25% and 50% HS-PDSCH power allocations.
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A.3 Transmitted code and power characteristics for interfering cells
In this section the definition of transmitted code and power characteristics are given for the interfering cells for the modified version of the HSDPA+R99 scenario.  For the interfering cells we assume the same downlink physical channel code allocations as for the serving cell as given in Table A.1.  The modeling approach is summarized in Table A.5.  The modeling of the other users’ dedicated channels is done in the same way as in the case of the serving cell except that the HSDPA power allocation is fixed at 50%.  Thus, the two groups of channelization codes defined in Table A.4 apply, with Ec/Ior values set per the last column only.
Table A.5. Summary of modelling approach for the interfering cells.
	
	Interfering cell(s)

	Common channels
	0.195 (-7.1dB)

As given in Table A.1

	HS-PDSCH transport format
	Selected randomly from Table A.6 Independent for each interferer.

	HS-PDSCH power allocation [Ec/Ior]
	0.5

(-3 dB)

	Other users’ channels 
	0.305

(-5.16 dB)

Set according to Table A.4 for 50% HS-PDSCH power allocation


Note: The values given in decibel are only for information.

The HS-PDSCH transmission for interfering cells is modeled to have randomly varying modulation and number of codes to model the actual dynamic system behavior to some extent. The predefined modulation and number of codes are given in Table A.6, with the actual codes selected per the code allocation given in Table A.2. The transmission from each interfering cell is randomly and independently selected every HSDPA sub-TTI among the four options given in the table. 
Table A.6. Predefined interferer transmission.
	#
	Used modulation and number of HS-PDSCH codes

	1
	QPSK with 5 codes

	2
	16QAM with 5 codes

	3
	QPSK with 10 codes

	4
	16QAM, with 10 codes


A.4 Model for the power control sequence generation

In this section the modeling of power control for the other users’ channels is described. In the approach adopted there are two powers that are calculated for each user, i at each slot, n.  The first is an interim power calculation, which develops a power 
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 in dB.  The second is the actual applied transmit power, 
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 in the linear domain, which is normalized such that the total power for all users remains the same as that originally allocated.  In the feasibility study the interim power generation was referred to as the un-normalized version of Power Control (PC), while the applied transmit power generation was referred to as the normalized version of PC.  We will first describe how the interim power is calculated followed by how the applied power is calculated.  

The interim power is varied randomly, either by increasing or decreasing it by 1 dB steps in each slot, i.e. 
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The probability of ( having a value of +1 for the ith user at time instant n can be determined as
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where, 
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 is the interim power at time instant n-1 and 
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 is the initial value given in Table A.4 after conversion to dB for each of the two possible HS-PDSCH power allocations.  L is a scaling factor which can be used to determine the range to which the variation of power is confined. The value of L is set to 10, leading to a variance of ~5 dB.   The concern with the above interim power generation scheme is that the average total power for all users will exceed its allocated power as verified by simulations [7] and, thus, the total instantaneous power transmitted by the serving cell and interfering cells (before fading and scaling) will at times exceed unity, and will also at certain times be below unity.  This variation about the allocated power is different from past OCNS definitions and thus, there is concern as to the capability of test equipment to implement.    
In order to minimize the impact to test equipment the total OCNS power is normalized.  This normalization is achieved by application of the following equation
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where 
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is the interim power of the user i at time instant n in the linear domain, and 
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is the initial value of the ith user’s power also in the linear domain.  Each summation is over all 16 possible values for 
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 where the latter summation is equal to either 0.5551 or 0.3049 for HS-PDSCH allocations of 25% and 50%, respectively, see Table A.4.  The total instantaneous output power of the OCNS is now always equal to its allocated power.  A potential issue however, is that the step size is no longer +- 1 dB, but can now take on a whole range of values determined by the ratio of the summations defined in (A.3).  We assume that changes in power other than +-1 dB are feasible, but it is recognized that it will be necessary to quantize the allowable change to the nearest level that the test equipment can support, e.g. 0.1 dB.  One other subtle point to note is that at each iteration of interim power generation using (A.1) that the value of
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of the previous iteration.   In summary the test equipment will have to develop two sets of power control sequences using (A.1) and (A.3), respectively, where the un-normalized or interim outputs developed by (A.1) are used to develop the normalized values described by (A.3) and to which the actual channel powers are set. 
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