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1 Introduction

At RAN#53 a new work item on 4 branch MIMO transmission for HSDPA was agreed. The main aim of this work item is to increase the peak data rates for higher rank transmissions and increase the coverage for lower rank transmissions. One of the design issues for 4-branch MIMO is the pre-coding codebook. It was agreed during RAN1#68bis to use Householder based precoding codebook; i.e. same as that of Release 8 codebook for 3GPP.  According to the agreement 16 codebook elements per each rank were defined.  Hence in total 64 precoding vectors and matrices are defined. 
In addition to the precoding codebook elements, LTE specification proposes a method called Codebook Subset Restriction.  According to this method, the network sends a bit map with the selected precoding indices, so that the UE should consider when reporting channel state information. There are many advantages with Codebook Subset Restriction.  For example the Node B can control the precoder selection at the UE. Hence better link adaptation can be achieved. Another advantage is from implementation point of view. A Node B can implement a small set of precoder elements and still able to get the CQ I on the specified precoder elements.  On the other hand the complexity at the UE can also be reduced in computing the channel quality information with Codebook Subset Restriction.
In this contribution we discuss the issues in incorporating Codebook Subset Restriction can into the HSDPA four branch MIMO specifications.  
2 Codebook Subset Restriction
Codebook Subset Restriction in LTE: According to 3GPP standard TS 36.213 [1], A UE is restricted to report precoding matrix index (PMI) and rank information (RI) within a precoder codebook subset. Higher layer signals the precoder subset through a bitmap parameter. For a four branch MIMO with closed loop spatial multiplexing the bitmap can specify all possible precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured four branch spatial multiplexing mode. The bitmap forms the bit sequence 
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is the MSB and where a bit value of zero indicates that the precoding indices reporting is not allowed in the channel state information reporting. 
Codebook Subset Restriction in HSDPA:  Since, it was agreed to use the same LTE codebook for HSDPA four branch MIMO, we can reuse this LTE feature. Hence the network needs to send a 64 element bit map with the desired precoding element bit positions equal to one. For channel state information reporting, a UE will report on CQI and PCI/RI on the bits set by the network. However, there are some issues in conveying the bit map information to the UE.  In the next section, we outline few options how the network can convey the information about Codebook Subset Restriction. 
3 Conveying Information about Codebook Subset Restriction 
In this section, we describe the options through which the network can convey the information about Codebook Subset Restriction. 

Option I: Codebook Subset Restriction using RRC signaling 

Option II: Codebook Subset Restriction using HS-SCCH orders

Option III: Codebook Subset Restriction using HS-SCCH signaling

Option I: RRC Signaling:  In this option, a UE is restricted to report PCI and RI within a precoder codebook subset specified by bitmap information. The bitmap information is sent through RRC signaling during the cell setup. Note that in this case the Node B has to use the same bitmap for all the UEs. In addition it is a semi static/static configuration, hence can’t be changed often. Hence, in this case even though there is benefit of using Codebook Subset Restriction, all the benefits can’t be achieved like in 3GPP LTE.
Option II: Using HS-SCCH Orders:  In this Option, the Node B conveys information about Codebook Subset Restriction using HS-SCCH orders for each rank. The structure for supporting this method needs further discussion. 
Option III:  Using HS-SCCH Signaling 
Figure 1 shows the conventional downlink control channel structure for four branch MIMO system. HS-SCCH Part 1 carries information related to the channelization code set, precoding weight information, modulation scheme and number of transport blocks preferred. Part 2 carries information on transport block size, HARQ process, and redundancy and constellation version.  
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Figure 1 HS-SCCH structure for four branch MIMO System.
PART 1 Details: For four branch MIMO, PART 1 consists of 16 bits, which conveys information about channelization code set (7 bits), modulation+ rank information (5 bits), and PCI (4 bits). Please note that rank information (RI) is implicitly informed through modulation bits. The UE identity is also signaled in part I through a UE-specific mask applied to the part I encoded sequence. Hence in total 16 bits are needed to convey the complete information in Part 1.
PART 2 Details: For four branch MIMO, PART 2 consists 36 bits. Out of which 6 bits for each transport block, 4 bits for HARQ process identification, 4 bits for redundancy version for the two HARQ process identifiers and 16 bits for the UE ID. Please note that for single stream transmission, we need only 28 bits for PART 2.
Table 1 shows the existing structure for Modulation and number of transport block information (RI). Note that 5 bits are needed to indicate the rank and modulation. Also note that out 32 combinations, 2 combinations are not used. These 2 unused combinations can be used to indicate Codebook Subset restriction bit map. Unfortunately, since we don’t have space for 64 bits map, we can convey information per each rank. i.e. rank based Codebook Subset Restriction. In this case we need 2 bits for rank indication and 16 bits for precoder elements bit map. Figure 3 shows an example of Codebook Subset Restriction for each Rank.
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Figure 2  Example showing Codebook Subset Restriction using HS-SCCH
Note that in this case CCS is of 7 bits is not used. The combination -11110/111111 can be used for modulation information. This indicates that HS-SCCH contains information about Codebook Subset Restriction and the next 18 bits should be used for Codebook Subset Restriction. Among these 18 bits, first 2 bits are used to indicate Rank information on Codebook Subset Restriction is used and the remaining 16 bits are used for the bit map of that particular rank.  In this option, we can convey information about the bit map dynamically.
Table 1. HS-SCCH Part I combinations for modulation and transmission Rank 

	Bit Pattern
	RI
	Modulation-1
	Modulation-II

	00000
	1
	QPSK
	NA

	00001
	1
	16QAM
	NA

	00010


	1
	64 QAM
	NA

	00011
	2
	QPSK
	QPSK

	00100
	2
	QPSK
	16QAM

	00101


	2
	QPSK
	64QAM

	00110
	2
	16QAM
	QPSK

	00111


	2
	16QAM
	16QAM

	01000
	2
	16QAM
	64QAM

	01001
	2
	64QAM
	QPSK

	01010


	2
	64QAM
	16QAM

	01011
	2
	64QAM
	64QAM

	01100
	3
	QPSK
	QPSK

	01101


	3
	QPSK
	16QAM

	01110
	3
	QPSK
	64QAM

	01111


	3
	16QAM
	QPSK

	10000
	3
	16QAM
	16QAM

	10001
	3
	16QAM
	64QAM

	10010


	3
	64QAM
	QPSK

	10011
	3
	64QAM
	16QAM

	10100
	3
	64QAM
	64QAM

	10101


	4
	QPSK
	QPSK

	10110
	4
	QPSK
	16QAM

	10111


	4
	QPSK
	64QAM

	11000
	4
	16QAM
	QPSK

	11001
	4
	16QAM
	16QAM

	11010


	4
	16QAM
	64QAM

	11011
	4
	64QAM
	QPSK

	11100
	4
	64QAM
	16QAM

	11101


	4
	64 QAM
	64QAM

	11110
	NA
	NA
	NA

	11111


	NA
	NA
	NA


4 Summary and Conclusions

In this contribution, we list some of the options to convey Codebook Subset Restriction information. Mainly the methods can be divided into 2, either through static/semi static configuration or dynamic configuration. Each of these methods has its own advantages and disadvantages. Hence we recommend to RAN1 should discuss these methods and incorporate one of these methods.  Hence we propose: 
Proposal 1: It is recommended to incorporate Codebook Subset Restriction in to the HSDPA standard through one of the options outlined in this contribution.  
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