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1.
Introduction
RAN meeting #34 in December 2006 agreed to start a work item 64QAM for HSDPA. A separate WI proposal for linking 64QAM support with MIMO was not agreed by RAN [1]. Nevertheless the agreed WI sheet for 64QAM for HSDPA states that:

“Some provisions may take place in the signalling structures for the 64AM operation with MIMO.” [2].
Thus it appears that in addition to the HS-SCCH defined for Rel-5 HSDPA RAN1 is tasked to define a HS-SCCH supporting 64QAM, a HS-SCCH structure supporting MIMO and possibly provide also a support for MIMO with 64QAM on the HS-SCCH structure defined for MIMO.

This document outlines a proposal for HS-SCCH structures that would support all the 4 combinations without explicitly defining a separate HS-SCCH structure for each mode of operation separately. The proposal takes into account the previous agreement on maintaining the Part1/Part2 separation of the HS-SCCH and having two different formats for Part2 in MIMO mode, one for single and one for dual stream transmission.

2.
HS-SCCH design
2.1
The design assumptions and targets
The basic design target of this document is to be able to support all the combinations, MIMO operation, no MIMO operation and operation with and without 64QAM with only two HS-SCCHs, one for MIMO and one for no MIMO case. The target is also to do this in a backwards compatible manner.

It is further assumed that the usage of MIMO and/or 64QAM is separately signalled to the UE if both the UE and the Node B support these features and the network decides to activate them. This signalling is the basis for the UE to know how to receive the HS-SCCH. It is further identified that 64QAM support only impacts the Part1.

Finally as the RAN#34 decided not to start a WI for 64QAM with MIMO the support of 64QAM signalling shall not cost anything in performance for the 16QAM MIMO operation.

Furthermore, as presented in [3], most beneficial aspect of optimization in terms of coverage and power is the Part1, which is common for single and dual stream operation. Therefore keeping the number of additional bits as low as possible provides benefits for all evaluated cases scenarios. Figure 1 presents simulation results for different HS-SCCH payloads in AWGN at Îor/Ioc=0dB. In terms of power required to achieve 1% detection error the different payloads are ordered based on the Part1 payload size.
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Figure 1. Probability of detection error with different HS-SCCH payloads.
2.2
HS-SCCH for non-MIMO with/without 64QAM

Based on the design assumptions and targets of section 2.1 we take the Rel-5 HS-SCCH as a basis for 64QAM support. Part2 can remain the same regardless of 64QAM support and only the indication of 64QAM modulation needs to be included in the Part1.
A proposed solution allowing to have the same number of information bits and thus the same coding and rate matching leading to the same HS-SCCH performance is to reinterpret the channelisation code set information bits when 64QAM is configured to the link and QAM transmission is indicated by the modulation scheme information bit as follows:

Table 1: HS-SCCH Part1 structure for non-MIMO operation
	
	Modulation shceme information
	Code Set Info


	Used modulation

	
	QPSK/QAM
	16/64QAM
	
	

	64QAM not configured
	0
	N/A
	7 bits (Rel-5)
	QPSK

	
	1
	N/A
	7 bits (Rel-5)
	16QAM

	64QAM configured
	0
	N/A
	7 bits (Rel-5)
	QPSK

	
	1
	0*
	6 bits(1
	16QAM

	
	1
	1*
	6 bits(1
	64QAM

	1) The LSB fixed to 1 and not signalled leading to available number of codes {1,3,5,7,9,10,13,15}


HS-SCCH Part2 structure for non-MIMO operation would be as defined for Rel-5 regardless of whether 64QAM is configured or not.

2.3
HS-SCCH for MIMO without 64QAM

Based on the design assumptions and targets of section 2.1 we first design Part1 structure optimized for supporting MIMO without 64QAM and then extend that structure to take the possible 64QAM introduction into account. As the rank indication and antenna weight information bits increases the number of bits of Part1 already by almost 40% we try to limit the additional bits of Part1 to these three.
Table 2: HS-SCCH Part1 structure for MIMO operation without 64QAM

	Rank
	Modulation1
	Modulation2
	Code Set Info
	Antenna weight
	Used modulation

	0
	0
	N/A
	7 bits (Rel-5)
	2 bits
	QPSK

	0
	1
	N/A
	7 bits (Rel-5)
	2 bits
	16QAM

	1
	0
	N/A
	7 bits (Rel-5)
	2 bits
	QPSK/QPSK

	1
	1
	0
	6 bits(1
	2 bits
	16QAM/QPSK

	1
	1
	1
	6 bits(1
	2 bits
	16QAM/16QAM

	1) The LSB would not be signalled and would be fixed to 1 leading to available number of codes {1,3,5,7,9,10,13,15}


In case of MIMO operation the Part2 structure would need to be redefined to support dual-stream operation and in a single stream case the larger space for addressing HARQ processes. 
Table 3: HS-SCCH Part2 structure for MIMO operation

	
	TrBlk size
	HARQ ID
	RV and Constellation
	NDI
	CRC/UE ID
	Total

	Rel-5
	6 bits
	3 bits
	3 bits
	1 bit
	16 bits
	29 bits

	Single stream
	6 bits
	4 bits
	2 bits(1
	16 bits
	28 bits

	Dual stream
	2 x 6 bits
	2 x 3 bits(2
	2 x 2 bits(1
	16 bits
	38 bits

	1) RV, Constellation version and NDI can be jointly coded to a 2-bit HARQ transmission format

	2) Primary stream always transmitting to processes 0,…,7, secondary stream always transmitting to processes 8,…,15


The same format for Part2 can be used also if 64QAM is supported. However it is good to note that the presented changes maybe attractive for streamlining the Part2 structure but may not offer any additional benefits in terms of system operation. If the restricted scheduler operation is seen too constraining, the necessity of these changes should be reconsidered.
2.4
HS-SCCH for MIMO with 64QAM

The Table 2 giving the Part1 format for MIMO without 64QAM can be easily extended to support also 64QAM.
Table 4: HS-SCCH Part1 structure for MIMO operation with 64QAM configured
	Rank
	Modulation1
	Modulation2
	Code Set Info
	Antenna weight
	Used modulation

	0
	0
	N/A
	7 bits
	2 bits
	QPSK

	0
	10
	N/A
	6 bits(1
	2 bits
	16QAM

	0
	11
	N/A
	6 bits(1
	2 bits
	64QAM

	1
	0
	0
	6 bits(1
	2 bits
	QPSK / QPSK

	1
	10
	0
	5 bits(2
	2 bits
	16QAM / QPSK

	1
	10
	1
	5 bits(2
	2 bits
	16QAM / 16QAM

	1
	11
	0
	5 bits(2
	2 bits
	64QAM / QPSK

	1
	11
	10
	4 bits(3
	2 bits
	64QAM / 16QAM

	1
	11
	11
	4 bits(3
	2 bits
	64QAM / 64QAM

	1) The LSB would not be signalled and would be fixed to 1 leading to available number of codes {1,3,5,7,9,10,13,15}

	2) Available start codes: {1,2,3,4,5,6,7,8}, available number of codes: {8,10,13, 15}

	3) Available start codes: {1,3,5,7}, available number of codes: {8,10,13, 15}


3.
Conclusions
This document presented structures for Rel-7 HS-SCCH supporting MIMO and 64QAM both separately and together by having principally only two different HS-SCCHs with both having a different interpretation depending on whether or not 64QAM is configured.
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