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1 Introduction

In the past RAN1 meetings, a number of contributions addressed the the codeword-to-layer mapping in the context of the Four Branch MIMO for HSDPA work item (see e.g. [1]-[6]).  At the last RAN1 meeting in Dresden, the encoding for each transport blocks (up to 2 TB per CW) was addressed and RAN1 has further agreed to adopt a scheme with up to two codewords (CWs).  The following agreements/working assumptions were made:
Agreements:

· Adopt a scheme with up to two codewords (CWs)
· A CW is mapped to up to 2 layers 
· Single ACK/NACK per codeword
 

Working assumption:

· Keep separate encoding and CRC for each TB if two TBs are multiplexed in one CW
In this contribution, we discuss the physical channel and layer mapping details for the two codewords scheme.

2 Discussion

2.1 Separate CRC encoding for each TB

For the purpose of the discussion, we assume here that the working assumption on separate encoding and CRC is agreed.  

We do however note that in terms of implementation complexity the approach should be equivalent to the alternative, which consists of multiplexing the TBs before encoding.  Indeed, the number of codeblocks to encode in a single TTI, which determines to a large extent the hardware implementation complexity should be relatively the same between the two approaches.  Likewise, the CRC calculation of one large TB vs two CRC calculations of half-size TB should also be relatively equivalent.  We therefore re-iterate our support for the working assumption:
Proposal 1:
Agree to the working assumption to keep separate encoding and CRC for each TB if two TBs are multiplexed in one CW.

Figure 1 illustrates the high-level diagram for the encoding of two TB onto a single codeword.  Details of the physical channel segmentation and layer mapping for the dual-TB case will be discussed next.
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Figure 1: Dual TB codeword encoding diagram
2.2 Details of PhCH segmentation and layer mapping:

The physical segmentation and layer mapping block illustrated in Figure 1 has two main functions:

1. Multiplexing the coded bits from the two coded TB to form a codeword;

2. Map the bits from the codeword to the PhCH and onto the MIMO layers.

In practice the two functions must be designed jointly to implement the desired transport block to layer mapping.  

We consider two families of approaches for mapping the coded bits onto the layers.  
Layer permutation
A first family of approach consists of mapping the codeblocks onto alternating MIMO layers.  The objective of this approach is to distribute the bits carried on each layer equally within a codeword; this concept is illustrated in Figure 2.  That way, alternating coded bits within a codeword will experience different radio conditions, and hopefully Turbo decoding will be able to recover potential errors more easily.  This approach is justified also by the fact that a single CQI is reported per codeword, and the transmitter cannot make a distinction between the qualities of layer 1 vs layer 2.  
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Figure 2: Layer permutation
This approach may be implemented in the specifications by taking the bits from alternating streams and filling each layer for every channelization code in succession.

To describe the approach in more details, some terminology is defined first.  Let the coded bits for TB1 and TB2 are given by b11,b12,…b1N and b21, b22, … b2N, respectively, where N is the maximum number of coded bits.  Note that here it is assumed that the same number of bits are used for each TB.  Borrowing from the terminology in 25.212 Section 4.5.8, it is assumed that there are P channelization codes (or PhCH) and U bits per channelization codes used for a given transmission.  Then let the kth bit (k=1,2,…,U) on layer l (l=1,2) for physical channel p (p=1,.2,…,P) be denoted as ul,p,k.  
The permutation approach may thus be implemented by first applying a permutation between the two set of coded bits.  Define r1,…,r2N as the multiplexed coded bits input to the physical channel and layer mapping function.  The multiplexed coded bits (with permutation) can be obtained as follows:


r2k-1=b1,k,      k=1,…,N
(1)


r2k=b2,k,        k=1,…,N
(2)

Then the existing physical channel mapping function only needs to be updated to take into account the second layer.  More specifically, using terminology from 25.212 Section 4.8.5:
Bits on first PhCH after physical channel segmentation:
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Bits on pth PhCH and lth layer (l=1,2) after physical channel segmentation:
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Per-layer mapping
A second family of approaches consist of mapping the coded bits from each of the transport blocks onto separate layers.  This concept is illustrated in Figure 3 below. 
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Figure 3: Per-layer mapping
Using the terminology introduced above, this approach may be implemented by extending Section 4.8.5 of 25.212 for example as follows:
Bits on first PhCH after physical channel segmentation:
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Bits on pth PhCH after physical channel segmentation:
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Summary

We observe that both family of multiplexing and layer mapping approaches can be implemented with ease in the specifications.  We note however that the layer permutation approach is more aligned with the agreement that a single CQI can be reported for each codeword and to existing technologies (LTE for instance).  Therefore we propose the following:
Proposal 2:
Layer permutation is applied to the coded bits.

2.3 Details of HS-DSCH Interleaving: 

In the current specifications, physical channel interleaving is carried out for each HS-DSCH PhCH individually as described in 25.212 Section 4.5.6.  At this point we see no reason to modify how interleaving is carried out.  We thus propose:
Proposal 3:
Physical channel interleaving is carried out per physical channel as today.

3 Conclusion

In this contribution, we have addressed details of the transport block to layer mapping.  We propose the following:
Proposal 1:
Agree to the working assumption to keep separate encoding and CRC for each TB if two TBs are multiplexed in one CW.

Proposal 2:
Layer permutation is applied to the coded bits.

Proposal 3:
Physical channel interleaving is carried out per physical channel as today.
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