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1 Introduction
Support for downlink dual-stream MIMO operations was introduced in Release 7 for HSDPA.  A work item was agreed at RAN#53 to extend downlink MIMO to up to 4 layers on the downlink [1].  Motivations and high-level design considerations were briefly discussed at an earlier RAN1 meeting (see [2]).

This contribution discusses the potential alternative for the codeword to layer mapping for DL 4 Branch MIMO operations.

2 Discussion
In R7 MIMO operations, the NodeB transmits with 1 or 2 layers, 1 or 2 TB, one per layer.  From a control channel perspective, this requires feedback from the UE for ACK/NACK up to 2 TB and CQI information for up to 2 TB (1 CQI for each TB such that the NodeB scheduler can make proper decisions).  In general, as the number simultaneous TB increases, the associated control overhead also increases.  On the other hand the larger the number of simultaneous TBs the better the HARQ control and channel efficiency; in practice these benefits/costs need to be measured via simulations.

With the support of up to 4 MIMO layers, a design decision must be made as to how many simultaneous transport blocks will be supported and how each TB will be mapped to the MIMO layers.  In the following, we study two alternative design based on a maximum of 2 and 4 simultaneous TB per TTI.  

In evaluating each alternative and each configuration, the following aspect should be considered:

· Performance,

· Overhead,

· UE receiver implementation (e.g. possibility to make efficient use of SIC receivers),

· Support of legacy UEs and implementation,

· Standards impact.

In the following we provide a high-level description of the alternative design approaches.

2.1 Mapping for up to 2 simultaneous TB

In this first alternative, the NodeB is limited to transmit up to 2 TB in one TTI.  In terms of protocol aspects, supporting a maximum of 2 simultaneous TB leads to some simplifications, in particular in terms of HARQ-ACK codebook design, where the R8-R10 codebooks and procedures may be reused with minimal effort.

The PCI/CQI reporting naturally will need to be enhanced, but since the previous releases support a maximum of 2 simultaneous TB, it is likely that existing encoding and transmission schemes for PCI/CQI 
on the HS-DPCCH will be mostly reused.

On the downlink, the R7 HS-SCCH type 3 supports the signaling of control information for up to two simultaneous TBs.  To support 4 branch MIMO in this alternative, additional information on the number of layers for each TB may need to be signaled in addition to what is currently carried on the HS-SCCH type 3.

In terms of transport block to layer mapping, some investigation needs to be carried out.  Table 1 is an exhaustive list of the possible configurations for this first alternative.  Configurations #1 and 3 (see highlighted) are supported in R7 and should also be supported in R11.  

Table 1: TB to number of layer mapping with up to 2 simultaneous TB
	Config #
	Nb of layers
	Nb of TB
	Nb of layers for each TB

	1
	1
	1
	1

	2
	2
	1
	2

	3
	
	2
	1,1

	4
	3
	1
	3

	5
	
	2
	2,1

	6
	4
	1
	4

	7
	
	2
	3,1

	8
	
	2
	2,2


When a TB is mapped to more than 1 layer, the bits from the TB can be distributed equally across all the layers.

Supporting more than one layer per transport block will naturally require new transport block size tables.   One interesting approach to limit the standardization impact in this regard is to limit the number of layers for each TB to 2.  This would reduce the number of configurations and lead to the reduced list in Table 2.
Table 2: Reduced list of TB to number of layer mapping with up to 2 simultaneous TB
	Config #
	Nb of layers
	Nb of TB
	Nb of layers for each TB

	1
	1
	1
	1

	2
	2
	1
	2

	3
	2
	2
	1,1

	5
	3
	2
	2,1

	8
	4
	2
	2,2


2.2 Mapping for up to 4 simultaneous TB

When considering support for simultaneous transmission of more than 2 TB, the impact on the control channels becomes larger as it departs from R7 MIMO.  

With separate layers, it becomes relevant for the UE to report the CQI for each layer independently.  Since the scope of the WI is limited to 4C-HSDPA, it may be possible to reuse the 8C-HSDPA HS-DPCCH scheme for HARQ-ACK and CQI reporting.  

On the downlink, we note that the existing R7 HS-SCCH type 3 does not support signaling information for more than 2 TB.  To support more than 2 TB, either a new HS-SCCH type need to be defined or the NodeB needs to use more than 1 HS-SCCH to the same UE.  The latter approach implies that UEs may need to decode more than one HS-SCCH at each TTI.

In terms of transport block to layer mapping, again some investigation needs to be carried out to fully assess the pros and cons of each configuration.  Table 3 is an exhaustive list of the possible configurations for this alternative.  Again, configurations #1 and 3 (see highlighted) are supported in R7 and should also be supported in R11.  The configurations highlighted in green, namely config #5A, 8A and 8B can only be supported in this alternative where more than 2 simultaneous TB are transmitted.

Table 3: TB to number of layer mapping with up to 4 simultaneous TB
	Config #
	Nb of layers
	Nb of TB
	Nb of layers for each TB

	1
	1
	1
	1

	2
	2
	1
	2

	3
	
	2
	1,1

	4
	3
	1
	3

	5
	
	2
	2,1

	5A
	
	3
	1,1,1

	6
	4
	1
	4

	7
	
	2
	3,1

	8
	
	2
	2,2

	8A
	
	3
	2,1,1

	8B
	
	4
	1,1,1,1


Clearly not all of the configurations need to be supported; simulations may be needed to determine the most relevant set of configurations to use.  One interesting approach from a specification perspective could be to limit the configurations to cases where each TB is mapped to only 1 layer.  This leads to the reduced list in Table 4.
Table 4: Reduced TB to number of layer  mapping with up to 4 simultaneous TB
	Config #
	Nb of layers
	Nb of TB
	Nb of layers for each TB

	1
	1
	1
	1

	3
	2
	2
	1,1

	5A
	3
	3
	1,1,1

	8B
	4
	4
	1,1,1,1


3 Conclusion

In this contribution, we discuss considerations for transport block to layer mapping and propose a number of simplifications to support downlink 4 branch MIMO operations
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