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1. Introduction

In the RAN Plenary meeting #30 a new study item on further improved performance requirements for UMTS/HSDPA UE was approved [1]. The content of the study and methodologies to be used were also discussed in the RAN4 meeting#37 in Seoul [2]. During the discussions summarised  [2] it was  identified and agreed that the first task to be done is to create appropriate models for the scenarios, which are then used for analysing the link level performance of a UE using  interference mitigation technique. This discussion was continued in RAN4 meeting #38 in Denver where different proposals were presented [3]

 REF _Ref132275258 \r \h 
[4]

 REF _Ref132275260 \r \h 
[5][6]. Different proposals were discussed in Ad Hoc held during RAN4#38 and the parameters to derive the main system level parameters for link simulation scenarios were agreed [7]. It was additionally agreed to concentrate on HSDPA in the first phase, but the details of the exact modelling of the transmission for different cells was left open for further discussion. In this contribution we present a proposal for the modelling of the transmission to be used in the first phase evaluation.
2. Transmitted code and power characteristic in case of HSDPA 
In this section we discuss modelling and parameters related to the modelling of interfering transmission in link level simulation scenario. 
The approach used to define the transmission characteristics in this section is based on a predefined power allocation and fixed code allocation for each physical channel. In terms for HS-PDSCH power allocation, three different setting are defined for the serving cell to account the possibility to simulate different HSDPA allocations as in earlier studies. In terms of code limitation due to allocated HS-PDSCH codes, only single setting was assumed based on the 10 OVSF codes with spreading factor 16 utilized by HSDPA. Code three allocation accounting this is given in Table 1. This is based on the downlink physical channels code allocation for RF testing given in 34.121. 
Table 1. 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


2.1 Common channels

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. Similar definitions exist also for open and closed loop transmit diversity requirements in Tables C.9 and C.10. Table 3 below summarises the common downlink physical channels for single transmit antenna case.  As these figures can be considered to be quite representative, it is seen that these could be used also for the evaluation, for both, serving cell and interfering cells. 

Table 2. 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
	


2.2 HSDPA channels
The HS-DSCH Fixed Reference Channels (FRCs) are defined in Section A.7 of 25.101. These reference channels have been used in determination of minimum performance requirements to Release 5 and also the enhanced requirements to releases 6 and 7. In order to facilitate the comparison and backward compatibility it is proposed that these same reference channels would be reused also in the study of interference mitigation techniques. 
For serving cells different power allocations for HS-PDSCH could be evaluated as has been done traditionally. Used power allocation in terms of HS-PDSCH Ec/Ior has been varied from -3dB to -9dB, even to -12dB depending on the evaluated scenario.  Different power allocations should be evaluated in order to be able to see the behaviour of the throughput performance and impact of HARQ. The model of the HSDPA transmission from serving cell could based on FRC H-SET3 and H-SET6 as in earlier work. Re-using these would seem beneficial as it would facilitate the comparison to earlier results. Possibly more weight could be put to H-SET6 as lately the interest has been more towards higher code capabilities. 
In modelling the HSDPA transmission from interfering cells same options exists as given also for serving cell. Therefore in principle each scenarios could be duplicated with different kind of power or code allocation for all the modelled interfering NodeBs. However increasing the options in terms of interference modelling would mean increase in the number of simulated cases. Therefore in order to maintain easy comparability between different simulation cases and keep the number of cases reasonable, it would seem preferable to determine few or only one representative setting for the modelling of interfering transmission. 

In this light it is proposed that single power allocation HSDPA would be used, namely -3dB of Ec/Ior. This would correspond to more HSDPA oriented system. In modelling of the transmission code and power domain characteristic it would seem preferable to account most of the relevant parameters to ensure proper evaluation. As obviously the used modulation can have an impact to the performance of some interference mitigation techniques, the effect of different modulation methods should also be accounted for. Additionally as with fixed total power allocation the number of codes could have an effect, it might be beneficial to try to cover different scenarios also in this aspect. This could be accounted by evaluating different fixed code and modulation settings as initially proposed by Nokia in RAN4 HSDPA email reflector. However as the transmission from each interfering cell should be independent this could lead to quite large number of different combinations if more than one interfering cell is modelled explicitly.   Therefore it is felt that the dynamical behaviour of HSDPA transmission due to scheduling and link adaptation should be reflected in the modelling. Thus it is proposed that the used code allocation and modulation method in each interfering cell would vary dynamically during the simulation. As developing a detailed approach would require to discuss and agree the used scheduling algorithms, mixture of different UE HSDPA categories and receiver schemes for the predicted deployment, a simplified approach would seem preferable to progress the work. Thus it is proposed that transmission from each interfering cell is randomly selected every HSDPA sub-TTI from a predefined group. Proposal for the different code allocation and modulation pairs is given in Table 3. These are defined to cover UE HS-DSCH categories 1-6 and 7&8. The transmitted bits could be assumed to be random. The presented approach is not a fully comprehensive but would offer straight forward method to account the dynamics of HSDPA transmission in account.
Table 3. Predefined interferer HS-DSCH 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


 The HS-SCCH channels are proposed in first phase to be simulated as a part of the OCNS. In earlier work done in RAN4 to develop in performance requirements for HSDPA the reception of HS-SCCH was assumed to be ideal and the impact of it could be neglected in evaluation phase. Thus the power required by HS-SCCH channels was assumed to be part of OCNS. In practise and in performance verification, some power needs to be allocated for HS-SCCH. The power allocation to be used for the HS-SCCH channel should be therefore evaluated for latter phase based on the selected baseline approach and should be applicable also for the performance verification to assure proper results. However in practise the power allocation of HS-SCCH is under control of NodeB and might therefore vary depending on the network algorithms, thus it might be most straight forward to neglect the HS-SCCH at this phase without loss of generality in term of performance improvement on HS-DSCH.
2.3 Other dedicated channels

In [5] a methodology was presented to determine the power and code allocations for the users or control signals on the other orthogonal channels of a downlink. 
The code allocation given in Table 1 accounting the 10 HS-PDSCH codes and common channels, leaves in total 46 code channels free for OCNS. With assumptions and approach used in [5], 54 users could be fitted to cell. It is good note however that the assumptions used in [5] can be seen to lead pessimistic view of a number of users. As in case of HSDPA selected portion of the total power is reserved for HSDPA, the number of other users channels will be still lower. Table 4 summarises the power allocations available for the different code channels. Based on the HS-PDSCH power allocation number of the other users are determined in the lines of the methodology given in [5]. Thus different number of other user’s code channels could be fitted to the cell for each used HS-PDSCH allocation. The power and code allocations for the selected HS-PDSCH allocations are given in Annex A in Table 6, Table 7 and Table 8. 
Also in the serving cell the user of interest should have associated DPCH allocated, but it is seen that it can be include to the OCNS signal as in earlier studies without loss of generality.
Table 4. Different relative channel power allocations.
	Channels
	Portion of power

	Common channels
	0.195 (-7.1dB)

	HS-PDSCH
	0.5

(-3dB)
	0.25

(-6dB)
	0.126
(-9dB)

	Other users channels
	0.305
(-5.16dB)
	0.555
(-2.58dB)
	0.679
(-1.68dB)

	Total
	1.00


3. Conclusions
In this contribution we have presented a proposal for modelling of code and power characteristics of the transmission was made to HSDPA interference mitigation simulations.  
In Section 2 of the document the modelling of the NodeB transmission for HSDPA scenario was discussed. An initial modelling approach for DL transmissions, fixed code and power allocations characteristics for the own cell transmission were proposed. For the interfering cells a dynamically varying approach was felt to be more appropriate. 
Table 5. Summary of the proposed modelling approach for the HSDPA scenarios
	
	Serving cell
	Interfering cell(s)

	Common channels
	As given in Table 2
	As given in Table 2

	HS-PDSCH transport format
	H-SET3 or H-SET6
	Selected randomly from Table 4. Independent for each interferer.

	HS-PDSCH power allocation [Ec/Ior]
	[-3dB, -6dB, -9dB]
	-3dB

	Other users channels 
	Varied according to used HS-PDSCH power allocation as given per  Table 6, Table 7 and Table 8.
	Set according to the Table 6.


We would like RAN4 to consider the proposal for the modelling the interfering transmission presented in the document when defining the simulation assumptions for the first evaluation simulations. It is felt to be also important to continue improving the simulation scenarios in order to ensure proper validation of actual performance enhancements in realistic macro cell environment. 
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Annex A. Other users orthogonal channels for different HS-PDSCH power allocations
Table 6. Definition of 20 other users orthogonal channels on downlink when HS-PDSCH Ec/Ior=-3dB
	Channelization Code Cch,SF,k
	Ec/Ior [dB]
	Channelization Code Cch,SF,k
	Ec/Ior [dB]
	Channelization Code Cch,SF,k
	Ec/Ior [dB]

	Cch,128,2
	-16.9
	Cch,128,98
	-15.7
	Cch,128,114
	-21.4

	Cch,128,4
	-19.8
	Cch,128,100
	-17.7
	Cch,128,116
	-16.8

	Cch,128,6
	-19.4
	Cch,128,102
	-20.4
	Cch,128,118
	-20.7

	Cch,128,88
	-19.6
	Cch,128,104
	-19.2
	Cch,128,121
	-15.7

	Cch,128,91
	-19.5
	Cch,128,107
	-19.5
	Cch,128,123
	-16.9

	Cch,128,93
	-19.6
	Cch,128,109
	-18.9
	Cch,128,125
	-21.6

	Cch,128,95
	-15
	Cch,128,111
	-17.5
	
	


Table 7. Definition of 37 other users orthogonal channels on downlink when HS-PDSCH Ec/Ior=-6dB
	Channelization Code Cch,SF,k
	Ec/Ior [dB]
	Channelization Code Cch,SF,k
	Ec/Ior [dB]
	Channelization Code Cch,SF,k
	Ec/Ior [dB]

	Cch,128,2
	-16.4
	Cch,128,98
	-18.9
	Cch,128,114
	-19.4

	Cch,128,3
	-17.4
	Cch,128,99
	-17.9
	Cch,128,115
	-19.6

	Cch,128,4
	-21.2
	Cch,128,100
	-17.7
	Cch,128,116
	-19.6

	Cch,128,5
	-18.1
	Cch,128,101
	-19.9
	Cch,128,118
	-19.6

	Cch,128,6
	-16.1
	Cch,128,103
	-17.4
	Cch,128,119
	-15

	Cch,128,88
	-16.9
	Cch,128,104
	-15
	Cch,128,120
	-15.7

	Cch,128,89
	-20
	Cch,128,105
	-22
	Cch,128,121
	-17.7

	Cch,128,90
	-20.9
	Cch,128,106
	-18.8
	Cch,128,123
	-20.4

	Cch,128,91
	-21.9
	Cch,128,108
	-16.4
	Cch,128,124
	-19.2

	Cch,128,93
	-21.6
	Cch,128,109
	-18.4
	Cch,128,125
	-19.4

	Cch,128,94
	-19.6
	Cch,128,110
	-19.4
	Cch,128,126
	-18.8

	Cch,128,95
	-18.7
	Cch,128,111
	-17.0
	
	

	Cch,128,96
	-17
	Cch,128,113
	-19.9
	
	


Table 8. Definition of 46 other users orthogonal channels on downlink when HS-PDSCH Ec/Ior=-9dB
	Channelization Code Cch,SF,k
	Ec/Ior [dB]
	Channelization Code Cch,SF,k
	Ec/Ior [dB]
	Channelization Code Cch,SF,k
	Ec/Ior [dB]

	Cch,128,2
	-18.4
	Cch,128,98
	-19.9
	Cch,128,114
	-19.4

	Cch,128,3
	-18.9
	Cch,128,99
	-18.7
	Cch,128,115
	-19.6

	Cch,128,4
	-19.8
	Cch,128,100
	-17
	Cch,128,116
	-19.5

	Cch,128,5
	-16.8
	Cch,128,101
	-18.9
	Cch,128,117
	-19.6

	Cch,128,6
	-18.8
	Cch,128,102
	-17.9
	Cch,128,118
	-15

	Cch,128,7
	-21.9
	Cch,128,103
	-17.7
	Cch,128,119
	-15.7

	Cch,128,88
	-16.4
	Cch,128,104
	-19.9
	Cch,128,120
	-17.7

	Cch,128,89
	-17.4
	Cch,128,105
	-17.4
	Cch,128,121
	-20.4

	Cch,128,90
	-21.2
	Cch,128,106
	-15
	Cch,128,122
	-19.2

	Cch,128,91
	-18.1
	Cch,128,107
	-22
	Cch,128,123
	-19.5

	Cch,128,92
	-16.1
	Cch,128,108
	-18.8
	Cch,128,124
	-18.9

	Cch,128,93
	-16.9
	Cch,128,109
	-16.4
	Cch,128,125
	-17.5

	Cch,128,94
	-20
	Cch,128,110
	-18.4
	Cch,128,126
	-21.3

	Cch,128,95
	-20.9
	Cch,128,111
	-19.4
	Cch,128,127
	-16.8

	Cch,128,96
	-21.9
	Cch,128,112
	-17
	
	

	Cch,128,97
	-21.6
	Cch,128,113
	-19.9
	
	


