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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].  

Some changes to the existing HS-SCCH structure are required in order to support FDD HSDPA MIMO. These changes in terms of HS-SCCH are mainly related to the increase of required signalling payload. There already exist several agreements related to downlink signalling, and an overview of those is given in [2]. The working assumption of RAN1 for the HS-SCCH structure is provided in [5].

As a part of the MIMO scheme selection, it was agreed that UTRAN signals to the UE the antenna weight that is used on the HS-PDSCH sub-frame on the corresponding HS-SCCH.  Furthermore, to support dual stream operation, additional information is needed. To enable dynamical switching between single stream and dual stream transmission mode, the used HS-SCCH structure also needs to be able to dynamically adapt to the number of transmitted streams.
RAN1’s current approach aims at introducing two different formats to Part2 to enable more efficient single/dual stream operation. The HS-SCCH basic structure remains, e.g., Part1/Part2 division. The maximum number of HS-SCCH code channels to be monitored is 4, the same as in Rel-5.

This contribution discusses the possible requirements for the new HS-SCCH structure. As it seems very likely that the new structure will remain very similar to the existing one (Rel-5), the current scenarios could be mostly reutilized. 

2. HS-SCCH structure for MIMO operation

In this section we provide an overview of the HS-SCCH structure for MIMO operation, based on RAN1’s current working assumptions 

The following information is transmitted by means of the HS-SCCH physical channel in Rel-5:

-
Channelization-code-set information (7 bits): 

xccs,1, xccs,2, …, xccs,7
-
Modulation scheme information (1 bit): 


xms,1
-
Transport-block size information (6 bits):


xtbs,1, xtbs,2, …, xtbs,6

-
Hybrid-ARQ process information (3 bits):


xhap,1, xhap,2, xhap,3

-
Redundancy and constellation version (3 bits):
xrv,1, xrv,2, xrv,3
-
New data indicator (1 bit): 






xnd,1

-
UE identity (16 bits):







xue,1, xue,2, …, xue,16

Part 1 includes the channelization code-set (xccs) and the modulation scheme (xms) information, and it is masked in a UE specific way using the UE identity. The rest of the information and the 16 bit CRC, which is masked with the UE id, are jointly carried by HS-SCCH part 2. 

As mentioned earlier, a new HS-SCCH format needs to be introduced to support FDD MIMO. Certain existing information needs to be duplicated to allow dual-code word operation, and some new information needs to be introduced for efficient MIMO operation.  

It is already agreed that the antenna weight used on the corresponding HS-PDSCH sub-frame will be informed  to the UE in the HS-SCCH. Thus, to convey the necessary antenna weight information (xaw), 2 bits will be added to Part 1. Furthermore, in order to avoid unnecessary duplication of certain Part 2 information, 1 bit needs to be introduced to indicate the number of streams and the used part Part 2 (xns). Based on initial understanding, it would seem that the channelization code-set information does not need to be duplicated. Instead, a symmetric code allocation will be assumed for dual stream operation. An additional bit needs to be introduced to allow the indication of the used modulation scheme in the second stream.

In brief, the preliminary information content of Part 1 would be

-
Channelization-code-set information (7 bits): 

xccs,1, xccs,2, …, xccs,7
-
Modulation scheme information (2 bit): 


xms,1, xms,2
-
Antenna weight information (2 bits):


xaw,1, xaw,2

-
Indicator for Part 2 structure/number or streams (1 bit):


xns,1

For Part2, two different formats are planned to be introduced: the first format for single stream operation, and the second for dual stream operation. In case of single stream transmission, the Part 2 content would be very similar to the Rel-5 content, with Hybrid-ARQ process information increased from 3 bits to 4. To allow dual code word operation in the dual stream case, the transport-block size information would need to be doubled. Similarly, the redundancy and constellation version information and the new data indicator also would need to be duplicated for each stream. To allow full flexibility for allocating the HARQ process in different streams, the Hybrid-ARQ process information would need to be doubled as well. 

The Part 2 information for the dual stream case would be

-
Transport-block size information (12 bits):


xtbs,1, xtbs,2, …, xtbs,12

-
Hybrid-ARQ process information (8 bits):


xhap,1, xhap,2,…, xhap,8

-
Redundancy and constellation version (6 bits):
xrv,1, xrv,2,… xrv,6
-
New data indicator (2 bits): 






xnd,1, xnd,2

-
UE identity (16 bits):







xue,1, xue,2, …, xue,16

Please note that the above given information is preliminary, and that the final amount and nature of information introduced in the new HS-SCCH will be determined by RAN1. For example, in case of dual stream, the number of Hybrid-ARQ process information could require less than 8 bits if certain HARQ processes are limited to certain streams. 

3. Initial proposal for the creation of the requirements

In this section we present an initial proposal for the assumptions for the alignment and possible creation of requirements. Section 9.4 of 25.101 includes the HS-SCCH performance requirements. In Rel-6, new enhanced performance requirements Type1, based on receiver diversity, were introduced for HS-SCCH. The enhanced performance requirements Type1 for HS-SCCH are set in Pedestrian A with 3km/h and Vehicular A 30km/h, at an Îor/Ioc of 0dB, for single transmit antenna and for open loop transmit diversity. Table 1, containing the relevant parameters, is shown for reference below.

Table 1.Test parameters for HS-SCCH detection

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
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	HS-SCCH-1: 1010101010101010 
(every third TTI only, UE under test addressed solely via HS-SCCH-1)
HS-SCCH-2: 0001001010101010
HS-SCCH-3: 0001101010101010
HS-SCCH-4: 0001111110101010

	HS-DSCH TF of UE1
	
	TF corresponding to CQI1

	HS-SCCH-1 transmission pattern
	
	The HS-SCCH-1 shall be transmitted continuously with constant power.

	HS-PDSCH transmission pattern
	
	The HS-PDSCH shall be transmitted continuously with constant power.

	HS-SCCH-1 TTI Signalling Pattern
	-
	The six sub-frame HS-SCCH-1 signalling pattern shall be “…XOOXOO…”, where “X” indicates TTI in which the HS-SCCH-1 uses the identity of the UE under test, and “O” indicates TTI in which the HS-SCCH-1 uses a different UE identity.


Baseline receiver

As the FDD MIMO operation will require the UE to additionally support receive diversity, it would seem feasible to employ the same assumptions that were used for deriving the Type1 enhanced requirements. The benefit of a more advanced receiver, namely LMMSE chip equaliser with receiver diversity, has been evaluated on HS-SCCH but not seen necessary to pursue further. Thus it is proposed that as reference receiver, MRC RAKE with two receiver branches would be used.
Requirement scenario

As the main features of the new HS-SCCH structure will remain very similar to the ones in Rel-5, the reutilization of the requirement scenarios would be both feasible and convenient. The propagation conditions used in Rel-5 would also be suitable for the performance requirements of the new HS-SCCH. One possible aspect to consider could be the velocity, whether using 3km/h in Vehicular A would match better to the expected deployment scenarios. Furthermore, it might be more practical to evaluate the HS-SCCH structure intended for dual stream operation with higher geometry values than 0dB. 

The HS-SCCH transmission pattern (i.e., allocated every third TTI for the UE of interest) would also seem feasible, although the minimum inter-TTI for MIMO capable terminals will be one. Introducing gaps to the allocation of the HS-SCCH-1 to the user of interest forces the UE to monitor all 4 possible HS-SCCH code channels.

The utilized HS-DSCH power and reference channel will need some consideration once the corresponding details are agreed by RAN1. However, as it is only necessary to have HARQ-ACK feedback in order to verify the requirements, utilized HS-DSCH and reference channel parameters are not expected to prevent the creation of the requirements. 
Performance requirements for the both HS-SCCH formats intended by RAN1 could be evaluated in separate scenarios if seen simpler. Alternatively, single scenario could be created where the used HS-SCCH format and power allocation are dynamically varied. In terms of simulations, this could however seen as a two separate scenarios.

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. However as the transmit diversity deployment has been used in earlier evaluations making it readily available, it would seem most straight forward to start the evaluations with this kind of scenario. Different scenarios related to deployment options seen important could then be introduced as the work progress if seen beneficial. 

Hence it is proposed to start the initial evaluation of the new HS-SCCH formats assuming in principle the same scenario that has bee used to evaluate the open loop transmit diversity in Rel-6. The used propagation conditions could be kept as same, but it might be desirable to limit the used velocity to 3km/h (in case of Vehicular A).  Furthermore if seen beneficial, it could be considered to change the geometry value (from 0dB) for the evaluation of the HS-SCCH format used in combination with dual stream operation for example to 10dB to better match the expected practical scenarios. However this may not bee necessary from the requirement determination point of view.

Annex B shows some initial ideal simulation results for the new HS-SCCH formats. These are done using OL TD on HS-SCCH. The main assumptions are given in Annex A Table 2, and the simulated HS-SCCH structures are presented in Annex B Table 3.
4. Conclusions

In this document we have presented an overview of the new HS-SCCH structure for FDD HSDPA MIMO. We have additionally presented some initial discussion of the possible requirement scenarios for the new HS-SCCH structure together with preliminary simulation results. The information and considerations presented in this document are based on the current working assumptions of 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, if RAN4 considers that the FDD HSDPA MIMO status in RAN1 is mature enough, 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. 

Therefore, it is proposed, to assume the same reference receiver structure that was used in Rel-6 to create the enhance performance requirements Type 1 based on receiver diversity. Furthermore, it is also proposed that, the same scenarios that were defined for enhanced performance requirements Type1 for HS-SCCH in case of OL TD would be re-used from suitable parts in first phase. Different scenarios could be introduced if seen beneficial as the work progresses. Additionally some consideration could be given for the used velocity and addition of having an alternative higher geometry point to evaluate the new HS-SCCH format in dual stream case if seen necessary. 
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Annex A Simulation assumptions

Table 2. Used simulation assumptions

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	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.

	Channel ray mapping
	Nearest Tc/2 spaced delay

	Receiver Structure
	MRC RAKE with two receiver branches

	RX AGC
	Off

	SRRC pulse shaping 
	On

	Propagation channel types
	Pedestrian A 3km/h and Vehicular A 30km/h. Fully uncorrelated fading between receiver branches.

	Number of bits in A/D converter
	Floating point

	HS-DSCH Ec/Ior
	TBD

	HS-DSCH reference channel
	TBD

	Inter-TTI distance
	1

	Number of H-ARQ processes
	1

	Max number of transmissions per H-ARQ process
	1
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	0 and 10 dB

	Primary Scrambling code
	S_dl, 0

	SCH
	On, (Scrambling code group 0)


Annex B Initial ideal simulations 

Table 3 shows the simulated HS-SCCH formats. As a reference the Rel-6 HS-SCCH results are shown in Figure 1 and in Figure 2 with OL TD. Additionally both new HS-SCCH structures based on the RAN1 working assumption were evaluated, referred as HS-SCCH A (single stream format) and HS-SCCH B (dual stream format). The encoding (puncturing etc.) of the new HS-SCCH formats has not yet been defined, therefore these results are only informative. It is also good to note that in these simulations 6 HARQ process information bits were assumed for dual stream case.  Additional results are presented in Figure 3 and Figure 4 for 1-TX scenario. The actual multiantenna transmission due to MIMO operation is not modeled in the 1-TX cases.
Table 3. Simulated HS-SCCH formats
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format

Dual stream format 

Xccs 7

Xms 1

Xaw 0

Xns 0

Xtbs 6 12 6

Xhap 4 6 3

Xrv 3 6 3

Xnd 1 2 1

26 38 21

New HS-SCCH structure typeA

Total

Information bits

Rel-6 HS-SCCH 

structure

Part1

Part2

7

2

2

1
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Figure 1. Initial simulation results for new HS-SCCH structures supporting MIMO in Pedestrian A 3km/h at Îor/Ioc of 0dB with OL TD.
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Rel-6 HS-SCCH
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Figure 2. Initial simulation results for new HS-SCCH structures supporting MIMO in Vehicular A 3km/h at Îor/Ioc of 0dB with OL TD.
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Rel-6 HS-SCCH
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Figure 3. Initial simulation results for new HS-SCCH structures supporting MIMO in Pedestrian A 3km/h at Îor/Ioc of 0dB
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Figure 4. Initial simulation results for new HS-SCCH structures supporting MIMO in Vehicular A 3km/h at Îor/Ioc of 0dB.
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