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1
Introduction

The introduction for MIMO for HSDPA sets new requirements to the downlink control signalling. The signalling would need to support dynamically both dual stream and single stream operation without reconfigurations. This document takes a further look at the signalling requirements and proposes a HS-SCCH design for the HSDPA MIMO operation.
2
Discussion
2.1
HS-SCCH of Rel-5/Rel-6
For reference the current Rel-5/Rel-6 HS-SCCH structure and content is shown below [TS25.212]:

· First part of the HS-SCCH sent in the first slot of the HS-SCCH sub-frame

-
Channelization-code-set information (7 bits), i.e. the HS-PDSCH codes to receive, (xccs,1, xccs,2, …, xccs,7)
-
Modulation scheme information (1 bit)
, QPSK/16QAM, (xms,1)
· Second part of the HS-SCCH sent in the second and third slots of the HS-SCCH sub-frame

-
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), the UE-specific CRC, (xue,1, xue,2, …, xue,16)
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Figure 1: Coding chain for Rel-5/Rel-6 HS-SCCH [TS25.212]

2.2
New requirements to HS-SCCH from MIMO operation

The dual stream operation of MIMO requires the Node B to be able to signal the UE with the individual characteristics of the two streams. Furthermore the fall back to the single stream operation sets requirements to the flexibility of the signalling as it is desirable that the same signalling structure can support both single and dual stream transmissions.

The information that needs to be duplicated in the dual-stream transmission case in addition to what a single HS-SCCH can do in Rel-5/Rel-6:

· Separate channelisation-code-set information

· with symmetric code allocation and fixed start code the needed number of bits could be even lower for two streams than is currently needed for a single stream
· Modulation scheme information for each stream
· TrBlk size information for each stream
· HARQ information per stream
· In order to support stream independent HARQ operation the signalling space may need to be extended to 4 bits per stream

· RV & constellation version for each stream

· NDI per stream

· UE id, one per HS-SCCH

· Two bits for antenna weight signalling

3
Design Options for HS-SCCH in MIMO mode
In the HS-SCCH design basically two questions need to be answered,

1. whether to maintain the part1/part2 division of the HS-SCCH or code the information as a single block, and
2. whether to use one HS-SCCH common for two streams or use one HS-SCCH per stream

3.1
Per-stream HS-SCCH
The usage of two HS-SCCHs during MIMO operation would be reasonably straight forward extension of Rel-6 HSDPA operation. It would be reasonably simple to design the HS-SCCH format to support the additional information payload required by modifying the HS-SCCH rate matching. In minimum two bits for antenna weights to the part1 and add one bit for HARQ process to part2 would be needed. The HS-SCCH overhead would automatically adapt to the number of streams transmitted as with single-stream only one HS-SCCH would be sent.

This approach would imply the smallest HS-SCCH design and implementation changes and is thus quite attractive. Furthermore it would allow maintaining the asymmetry in code allocation. 
3.2 Dual-stream HS-SCCH
A single HS-SCCH supporting the dual-stream transmission would allow for better optimisation of the HS-SCCH as some of the redundant bits could be avoided. If the Node B code allocation flexibility is restricted some bits could be saved in the code information.
Using one format for both single and dual stream operation would be simpler, but would transmit the second-stream information unnecessarily when the single-stream transmission is used. Alternatively two HS-SCCH formats could be designed, one for single-stream operation, one for dual-stream operation. This would require the UE to blindly detect the format used, which may be seen as unnecessary complexity that should be avoided.
4
Simulation results

In this section we present some initial link simulation results to compare the different options. In Table 1 the different evaluated HS-SCCH structures are shown. The used simulation assumptions are summarised in Annex A at the end of this document. It is good to note that in case of jointly coded structure the detection is assumed to be ideal and that encoding of different structures may be suboptimal.
In Table 1 two main categories are presented for the HS-SCCH structure based on the discussion in previous section; cases where the Part1/Part2 division is maintained and cases where the information block is jointly coded. For both categories few different structures were evaluated. For the case when Part1/Part2 division is maintained, the Rel-6 HS-SCCH structure was evaluated for reference together with two possible structure for per stream or single HS-SCCH operation. For the jointly coded case evaluated options were created based on the number of bits assumed for channelisation code-set information, e.g. the asymmetric, asymmetric with same starting code number and symmetric code allocation.
Table 1. Different evaluated HS-SCCH Structures

	Information bits
	Part1/Part2 structure
	Jointly coded  structure, single

	
	Rel-6 
	Per stream
	Single
	Asymmetrc code allocation
	Asymmetric code allocation with same starting code
	Symmetric code allocation

	xccs
	7
	7
	7
	14
	11
	7

	xms
	1
	1
	2
	2
	2
	2

	xtbs
	6
	6
	12
	12
	12
	12

	xhap
	3
	4
	8
	8
	8
	8

	xrv
	3
	3
	6
	6
	6
	6

	xnd
	1
	1
	2
	2
	2
	2

	xaw
	0
	2
	2
	2
	2
	2

	Total
	21
	24
	39
	46
	43
	39


In Figure 1 the performance curves for the evaluated HS-SCCH structures are presented. Jointly coded HS-SCCH structure with symmetric code allocation requires the lowest Eb/No for 1% error rate. Per stream and jointly coded structures with asymmetric code allocation have practically equal performance. Single HS-SCCH with Part1/Part2 has slightly worse performance compared to the previous ones, approximately 1dB.  Per stream structure will require 3dB more power in total when dual stream operation is used. However it is good to note that the actual portion of NodeB power would likely still be insignificant as the dual stream operation is mostly occurring at higher geometry regions. 
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Figure 1. Different HS-SCCH structures in AWGN at G=0dB.

5
Conclusions

In this contribution different options to modify the HS-SCCH structure to support MIMO signalling were discussed. Two main design options related to HS-SCCH are identified;

1. The HS-SCCH structure for MIMO signalling can be achieved either by maintaining the Part1/Part2 division or by having jointly coded HS-SCCH structure. 

2. HS-SCCH can be sent per stream or single HS-SCCH van be used to provide the information for both streams

All design options have their merits. No major differences in the performances of observed schemes were seen.

Based on the evaluation a simple and low added complexity solution for HS-SCCH signalling for HSDPA MIMO is prefferred, where two HS-SCCHs are used for dual stream operation and a single HS-SCCH for single stream operation. The HS-SCCH structure is the same in both single and dual stream cases providing fully stand-alone stream operation where receiving one HS-SCCH is sufficient to receive the corresponding HS-DSCH stream.

The antenna weight bits are introduced to the 1st part of the HS-SCCH and an additional HARQ process bit to the 2nd part of the HS-SCCH. 
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Annex A. 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.

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Propagation channel types
	AWGN

	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
	RAKE

	Number of UE antennas
	2
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