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1. Introduction

In RAN1 meeting #45 the extensive study of MIMO for HSDPA came to a conclusion, and D-TxAA was selected as the FDD HSDPA MIMO scheme to be used in Rel-7. The main recommendation of RAN1 to RAN group was to standardize FDD HSDPA MIMO in Rel-7 [1]. Subsequently, TSG RAN meeting #32 agreed that 3GPP will move forward with the standardization of MIMO for HSDPA. In the following meetings #46 and #46bis, RAN1 discussed different issues related to the specification of the FDD MIMO functionality into Rel-7 [2]
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 \* MERGEFORMAT [3]. In meeting #46bis, RAN1 also agreed to send a LS to the other working groups to inform about the status of FDD MIMO [4].  

The FDD MIMO scheme is a dual codeword multiantenna transmission scheme with two operation modes; dual stream transmission mode and single stream transmission mode. In dual stream transmission two data streams are encoded and modulated separately, but transmitted using same OVSF code(s). The two data streams are simultaneously transmitted through both antennas simultaneously using stream specific antenna weights creating two orthogonal beams. In single stream transmission mode, one data stream is encoded and transmitted similarly as with R’99 CL transmit diversity, but by using the D-TxAA specific feedback mechanism.
This contribution discusses the possible requirements for the demodulation of HS-DSCH. As the single stream mode can be seen to have somewhat what bigger similarities with earlier requirements (namely CL TD requirements) emphasis is put to verification of the dual stream operation mode.
2. UE categories and FRC
The existing minimum performance requirements in Section 9.2 of 25.101 for different HSDPA UE categories are based on Fixed Reference Channels (FRC’s). These measurement reference channels were initially define to verify the necessary aspects of each UE category, like number of multicodes supported and minimum inter-TTI distance. A similar approach of using fixed measurement reference channels would also seem feasible in case of FDD MIMO. 
RAN1 has agreed to define two UE categories for FDD MIMO, one for 28Mbps peak data rate and another for 20Mbps peak data rate, both categories supporting 15 codes. The working assumption is that the new categories would be doubling the existing Rel-5 categories 10 and 9, respectively. The exact details of these categories have not yet been defined in TS25.306, but the information of Category 9 and 10, has been copied below in Table 1. Assuming the direct doubling of the maximum number of an HS-DSCH transport block bits received within TTI and total number of soft channel bits, exemplary table could be derived for information, see Table 2. 
Table 1.  FDD HS-DSCH physical layer categories 9 and 10
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits


	Category 9
	15
	1
	20251
	172800

	Category 10
	15
	1
	27952
	172800


Table 2.   Exemplary FDD HS-DSCH physical layer categories for UEs supporting the MIMO
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits


	Category 9B
	15
	1
	40502
	345600

	Category 10B
	15
	1
	55904
	345600


The FDD MIMO introduces the dual stream operation mode where two independent packets are sent simultaneously using the same OVSF codes. In earlier releases actually two measurement channel definitions are given within one FRC definition for each modulation. This approach could be readily used for creating the dual steam FRC.

When operating in MIMO mode UE signals to the NodeB the prefferred antenna weights together with the prefferred CQI’s. Accounting this, through this contribution we have used a following definition to signify the different streams. The stream transmitted using the signalled antenna weights is referred as primary stream and the stream transmitted using the weights orthogonal to the signalled antenna weights is referred as secondary stream herein. From signal quality point of view, primary streams quality (or signal to noise ratio) should be better or equal to secondary stream quality. Therefore it would seem preferable not to have two equal FRC’s for both streams, but that some difference is introduced between them.
Table 3 introduces one possible example of the FRC definition for dual stream case. These follow the same approach as has been used in case of Rel-5 FRC’s when feasible. Both streams use 15 codes, which is in line with the current RAN1 working assumption that symmetric code allocation shall be assumed on HS-SCCH signalling. The primary stream uses 16QAM modulation with 17300 TrBlock size and the secondary stream uses QPSK modulation with TrBlock size of 9719. The assumed number of soft channels bits (345600) is divided evenly for all HARQ processes, leading to 28800 SML’s per HARQ process. This results that that Incremental Redundancy (IR) combining cannot be operated for the primary stream. If feasible this could be altered so that the soft channel bits would be divided unevenly between HARQ process, allocating more for the primary stream, enabling also the use of IR also for primary stream FRC.
Table 3. Fixed Reference Channel definition for dual steam operation.
	Parameter
	Unit
	Value

	Stream
	
	Primary 
	Secondary

	Combined Nominal Avg. Inf. Bit Rate
	kbps
	13510

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	8650
	4860

	Inter-TTI Distance
	TTI’s
	1
	1

	Number of HARQ Processes
	Processes
	6
	6

	Information Bit Payload 
	Bits
	17300
	9719

	Number Code Blocks
	Blocks
	4
	2

	Binary Channel Bits Per TTI
	Bits
	28800
	14400

	Total Available SML’s in UE
	SML’s
	345600

	Number of SML’s per HARQ Proc.
	SML’s
	28800
	28800

	Coding Rate
	
	0.6
	0.67

	Number of Physical Channel Codes
	Codes
	15
	15

	Modulation
	
	16QAM
	QPSK


3. Initial proposal for the creation of the requirements

In this section we present an initial proposal for the simulation assumptions for the alignment and for the creation of HS-DSCH demodulation requirements. Section 9.2 of 25.101 includes the HS-DSCH performance requirements. In Rel-6 new enhanced performance requirements Type1 (based on receiver diversity) and Type2 (based on chip level equaliser) were introduced. Furthermore in Rel-7, new enhanced performance requirements Type3, based on receiver diversity and LMMSE chip level equaliser, have been introduced. 

Baseline receiver

It is proposed that same receiver structure as used for development of enhanced performance requirements Type 3, i.e. LMMSE chip level equaliser combined with receiver diversity, would be used as a baseline receiver to create the MIMO performance requirements. This structure was also used as baseline receiver for D-TxAA MIMO scheme in evaluations performed in RAN1 according to the agreements made for the evaluation of different MIMO schemes in TSG RAN meeting #31. As this evaluation led also to positive conclusion for MIMO specification, it would seem as an appropriate choice for reference receiver structure.  Using this receiver structure offers the benefit of being known structure in RAN4 in basis of a previous work done to introduce enhanced performance requirements Type 3 for HD-DSCH. Therefore it would appear to be readily available by majority of the companies contributing to development of performance requirements, allowing alignment work to concentrate on MIMO specific issues. This would in its turn facilitate timely conclusion of the work. 
Requirement scenario

In terms of multiantenna transmission schemes, in earlier releases performance requirements have been introduced for open and closed loop transmit diversity. Table 4 gives an example of parameters used in case of CL TD evaluation. Additionally the definition of other downlink physical channels is given in the Annex C of 25.101. These could be re-used for most parts in creation of FDD MIMO requirements. As mentioned the RV sequence for the primary stream might not be re-usable depending on the number of SML’s per stream. RAN1 has also agreed that the antenna weight feedback will be carried on HS-DPCCH. Therefore it would seem possible to consider 0% feedback error rate for the FDD MIMO antenna feedback. 
Table 4. Test parameters for testing HS-DSCH with CL TD in Rel-6
	Parameter
	Unit
	Value

	Phase reference
	
	P-CPICH
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	dBm/3.84 MHz
	-60

	DPCH frame offset 

(DPCH,n)
	Chip
	0

	Redundancy and constellation version coding sequence
	
	{6,2,1,5} for 16QAM

{0,2,5,6} for QPSK

	Maximum number of HARQ transmission
	
	4

	Feedback Error Rate
	%
	4

	Closed loop timing adjustment mode
	
	1


It should be noted that FDD MIMO, although being a multiantenna transmission scheme, has not been considered as a transmit diversity scheme by RAN1 in terms of specifying the feature. Thus, even though employing FDD MIMO requires the pilot signal to be transmitted through both antennas in addition to the HS-DSCH, the rest of the system could be deployed either as in single antenna transmission mode or in transmit diversity mode. As the transmit diversity deployment has been used in earlier evaluations it would seem most straight forward to start the evaluations with this kind of scenario. Different scenarios to cover other deployment options seen relevant could then be introduced as the work progress.
Earlier HS-DSCH demodulation requirements have been evaluated in several propagation conditions covering different velocities. Furthermore two different Îor/Ioc values have been used for the evaluation, namely 0dB and 10dB. Also recently Îor/Ioc value of 5dB  was introduced. 
As the dual stream operation mode requires a sufficiently signal to noise ratio to be used, it would seem practical to limit the evaluation to the higher geometries in this case. Initially we would propose focusing the performance requirements only to Îor/Ioc value of 10dB. If seen offering further benefit for the performance evaluation, additional Îor/Ioc values could be introduced. For single stream operation it would seem reasonable to also consider lower Îor/Ioc values. 
In FDD MIMO system evaluation the SCM based channel model was used. RAN4 has used assumption of fully uncorrelated receiver (and transmitter) antennas in its earlier work. From performance requirements perspective it would seem sufficient to keep this assumption also in case of FDD MIMO. Therefore re-using the ITU propagation profiles as used in earlier performance requirements, would seem suitable. The exact selection of propagation conditions should be discussed, but initially limiting to two, Pedestrian A and Vehicular A, would seem sufficient.
The latest RAN1 MIMO evaluations preceding the recommendation to specify the FDD MIMO were focused in contained environments and pedestrian velocities. As this suggest that the deployment of MIMO would be in low mobility scenarios, it would seem appropriate to limit the UE velocity to 3km/h in the evaluated propagation conditions.
Hence it is proposed to start the initial evaluation of the new HS-DSCH requirements assuming in principle the same scenario that has bee used to evaluate the closed loop transmit diversity in Rel-6. The used propagation conditions could be kept as same as in earlier requirements, but it might be desirable to limit the used velocity to 3km/h (in case of Vehicular A).  Furthermore the geometry value for the evaluation of the HS-DSCH performance with dual stream operation could be limited to 10dB. For evaluation of single stream performance lower geometry values could be considered.   

In Annex B some initial simulation results for the dual stream FRC given in Table 3 are presented. The used simulation assumption are given in Annex A.

4. Conclusions

In this contribution we have presented some initial discussion about the assumptions and possible scenarios for the HS-DSCH demodulation requirements. The information and consideration are based on the current working assumptions in RAN1.

It is expected that the remaining details will be agreed and finalized in the RAN1 meeting #47 and in the forthcoming meeting #47bis in January. In order to facilitate and accelerate the RAN4 work, it would be preferable to agree certain assumptions needed to derive the requirements so that work to derive the requirements could start swiftly already in February at RAN4 meeting #42. 

Based on a discussion presented, it is proposed to assume the same reference receiver structure that was used in Rel-7 to create the enhance performance requirements Type 3 (e.g. LMMSE chip level equaliser with receiver diversity). As the dual stream operation can be seen to hold some similarities to the scenario used to set the HS-DSCH performance with CL TD earlier, it is proposed to re-use this scenario from the suitable parts in first phase. Different scenarios could be introduced if seen beneficial as the work progresses. Additionally as the duals stream operation requires sufficiently high signal to noise ratio to be used, it is propose to focus the duals stream requirements only to higher geometry, namely Îor/Ioc value of 10dB.  For single stream operation lower geometry values could be considered. The propagation profiles to be used should be discussed, but it is seen that the ITU profiles used in earlier HS-DSCH requirements could be suitable, with velocity used limited to 3km/h.
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Annex A Simulation assumptions

Table 5. Used link simulation assumptions

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	Dual stream FRC as outlined in Table 3.

	HSDPA control channels present
	Simulated as part a of OCNS

	DL DPCH reference channel
	Simulated as a part of OCNS.

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multi path component) are estimated by the receiver.

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
	P=2 – i.e. 2 samples per chip at input to the receiver

	Channel ray mapping
	Nearest Tc/P spaced delay (1/ Tc is the chip rate) – P specified above

	SRRC pulse shaping
	On

	Propagation channel types
	Pedestrian A 3km/h. Fully uncorrelated fading between receiver branches.

	Propagation channel update rate
	At least 16 chips

	HS-PDSCH Pilot-Data Ratio
	Estimated

	Max number of transmissions per H-ARQ process
	4

	RV sequence 
	{0,2,5,6} for QPSK and {6,6,6,6} for 16QAM

	ACK/NACK feedback error rate
	0%

	Antenna feedback error rate
	0%

	Turbo decoding
	MaxLogMap – 8 iterations

	Primary Scrambling code
	S_dl, 0 as given in 25.213v5.3.0

	SCH
	On, (Scrambling code Group 0)

	Secondary SCH pattern
	According to Scrambling code Group 0 given in Table 4 of 25.213v5.3.0

	Receiver structure
	LMMSE chip-level equalizer

	Number of UE antennas
	2

	Equaliser length
	40 taps (20 chips long with 2 samples per chip)

	Equalizer update rate
	1 per slot

	Noise variance in equaliser
	Ideally known


Annex B Initial ideal simulations 

Figure 1 presents initial simulation results for the dual stream FRC given in Table 3. The main simulation assumptions are shown in Table 5. 
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Figure 1. Initial simulation results for dual stream FRC given in Table 3 in Pedestrian A 3km/h








































































