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1 Introduction
A new work item on 4-branch MIMO for HSDPA has been approved at the RAN plenary #53 [1].  At the last RAN1 meeting in San Francisco, a number of contributions were presented on the topic of codeword to layer mapping and the following was agreed by RAN1:
Introduce a codeword as a concatenation of up to 2 TBs of equal size 

· No new TB sizes will be defined

· Single MCS is used per codeword

· Single CQI is reported per codeword

Further, the following working assumption to be confirmed at RAN1 #67 was also agreed:

Working assumption (to be confirmed at the next meeting):

· adopt a solution using up to 2 codewords

Results using up to 4 codewords (using 4 CQI and 4 ACK/NACK) can be presented at the next meeting.
In this contribution, we further address layer mapping and associated control aspect under the context of the working assumption.
2 Discussion
As discussed at the last meeting, RAN1 needs to agree how the UE maps the transport blocks to the physical MIMO layers.  The mapping process may be viewed as a two step process: transport block to codeword mapping and codeword to layer mapping. We first discuss the codeword to layer mapping (2.1), followed by a discussion of the transport block to codeword mapping (2.3). 
2.1 Number of layers per codeword
According to the current working assumption, a solutions using up to 2 CW should be adopted (CW1 and CW2), where a codeword may consists of up to 2 TB of equal size.  In the context of 4-branch MIMO operations, up to 4 layers are available.  Thus in theory a CW could be carried by up to 4 layers; Table 1 shows the options for the number of layers for each codeword, assuming without loss of generality that the first codeword is carried over at least as many layers than the second codeword.
Table 1: Number of layer for each codeword

	Number of layers for each CW

	CW1
	CW2

	1
	0

	2
	

	3
	

	4
	

	1
	1

	2
	1

	2
	2

	3
	1


As it can be observed from Table 1, up to 8 different combinations are possible, and of those, row #1 and row #5 (highlighted) correspond to the existing single-stream and dual-stream operations of R7.
We note here that under the context of the current agreement where no new TB sizes are defined and where a CW consists of up to 2 TB, having more than 2 layers per codeword:

· does not increase the spectral efficiency; and
· does not allow the peak data rate to be reached.

Further, since a single CQI would be reported per codeword, the more layers per codeword, the less precise the feedback can be (CQI would indicate a TB for the aggregate of the layers considered).  Of course extended feedback mechanisms may be defined, but this would likely increase the load on the HS-DPCCH as well.  

Based on these observations, we propose the following:

Proposal 1: 
A codeword is mapped to at most 2 MIMO layers.

2.2 Codeword ACK/NACK feedback

While it has been agreed that a single CQI per codeword would be reported, no agreements were made at the last meeting concerning the ACK/NACK feedback.

Since each codeword carry up to two transport blocks, it could be possible to provide ACK/NACK feedback to each TB.  While this approach may be more optimal from the downlink performance point of view, it would require additional overhead on the downlink to signal the HARQ process and redundancy version for each TB separately.  Further, additional load on the uplink for the HARQ-ACK feedback would be needed.

Alternatively and preferred in our view, a single ACK/NACK could be used per codeword, thereby simplifying the design as the existing HARQ-ACK codewords may be re-used with similar load as the previous releases.
Proposal 2:
A single ACK/NACK is used per codeword.
2.3 Mapping of TB to layer

From our previous discussion in [2], we identified a number of options of TB to CW and CW to layer mapping and observed that only certain set of combinations are relevant.

2.3.1 Transport block to codeword mapping

In the following, we further analyze two relevant candidate solutions.  The first candidate solution (dual CRC), illustrated in Figure 1 A) consists of encoding the two TB of a CW separately and applying physical channel segmentation and layer mapping jointly.  The second candidate solution (single CRC), illustrated in Figure 1 B) consists of multiplexing the data bits of the two TB thereby coding the two TB jointly, and applying physical channel segmentation to the resulting coded bits.


[image: image1.emf]CRC

Bit 

scrambling

Code block 

segmentation

Channel 

Coding

L1 HARQ

PhCH segmentation and layer mapping

HS-DSCH 

Interleaving

Constellation 

re-

arrangement

Physical 

channel 

mapping

CRC

Bit 

scrambling

Code block 

segmentation

Channel 

Coding

L1 HARQ

HS-DSCH 

Interleaving

Constellation 

re-

arrangement

Physical 

channel 

mapping

MIMO Layer

1

MIMO Layer

2

TB

1

TB

2

A)

CRC

Bit 

scrambling

Code block 

segmentation

Channel 

Coding

L1 HARQ

PhCH segmentation and layer mapping

HS-DSCH 

Interleaving

Constellation 

re-

arrangement

Physical 

channel 

mapping

HS-DSCH 

Interleaving

Constellation 

re-

arrangement

Physical 

channel 

mapping

MIMO Layer

1

MIMO Layer

2

TB

1

TB

2

Multiplexing

B)


Figure 1: Codeword coding and mapping options
The single-CRC solution may be considered more “natural” when considering that one ACK/NACK and CQI feedback is provided per codeword.  On the other hand this approach requires RAN1 to define a new multiplexing entity (alternatively this could also be done in the MAC specifications) in addition to the layer mapping functionality.  Further, with the aggregate TBs, the number of information bits would double when compared to R10 and RAN1 would need to study whether or not the existing 24-bit CRC is sufficient or not. 
In the dual-CRC solution (option A), the UE ACKs only when both CRC succeeds; otherwise it sends NACK.  In this context, it would appear that having a second CRC represents a pure overhead.   On the other hand we see two main advantages of the dual-CRC solution: 

· Possible UE complexity reduction via early termination: depending on the UE implementation, the two CRCs may be used for early termination when one of the CRCs fails, or even across HARQ transmission when one TB has been correctly decoded.  This is embedded in the LTE Turbo code where a CRC is attached to each codeblock after segmentation.

· Specification simplicity: the current coding procedures may be re-used, and only one new layer mapping procedure needs to be defined.

Thus in the context of the current assumption and in order to re-use existing procedures and functionality, it appears that the dual-CRC solution is the sensible alternative.
Proposal 3:
Each transport block is CRCed and encoded independently.

2.3.2 Codeword to layer mapping

Under the current agreement, a single CQI is reported for each CW.  In practice this implies that the NodeB has no information about the relative quality of each layer within a codeword.  Since there could be significant differences between the layers, it would be preferable to interleave the coded bits from each TB onto the two layers to “equalize” the channel quality across the layers.  

This concept is illustrated at a high level in Figure 2.  We note that in practice other scenarios would also need to be supported (e.g. mapping 1 CW to 1 Layer).
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Figure 2: CW to Layer mapping for up to 2 CW per TTI

This approach would be relatively simple to implement even more so now that it is agreed that the two transport blocks carried in the same codeword are of the same size.
Proposal 4:
Within each codeword, layer permutation is applied such that the coded bits from each TB are even spread across both layers.
3 Conclusion

In this contribution, we addressed the transport block to MIMO layer mapping and proposed the following:
Proposal 1: 
A codeword is mapped to at most 2 MIMO layers.

Proposal 2:
A single ACK/NACK is used per codeword.

Proposal 3:
Each transport block is CRCed and encoded independently.
Proposal 4:
Within each codeword, layer permutation is applied such that the coded bits from each TB are even spread across both layers.
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