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1 Introduction
A new work item on 4-branch MIMO for HSDPA has been approved at the RAN plenary #53 (see [1]).  At the last RAN1 meeting in Zhuhai, a number of contribution addressed the mapping between transport blocks/codewords to layers (see e.g. [2]

 REF _Ref308103218 \r \h 
[4] ).  As a result of the discussion, the following conclusion was reached:
Design options for future evaluation:

· Support up to 2 or up to 4 codewords mapped to up to 4 layers 
· A codeword can correspond to up to 2 CQI reports and up to 2 HARQ processes
· In case of a limitation to 2 codewords
· Keep the size of current TBs and support up to 2 TBs in one codeword
· Increase the size of TBs (on TB per codeword)
 

This contribution first proposes a clarification for the concept of HS-DSCH codeword, and then evaluates a number of design options for the mapping of transport blocks to codewords and then from codewords to layers.
2 Discussion
2.1 HS-DSCH codeword

In the current UMTS specifications, the concept of codeword for the HS-DSCH is not defined.  To ensure that a clear mapping between transport blocks, codewords and layers is agreed, it is important that the concept of codeword is first established in the context of the HS-DSCH.
In LTE codeword is defined in 36.212 Section 5.3.2.5 as follows:
The bits after code block concatenation are denoted by
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, where G is the total number of coded bits for transmission. This sequence of coded bits corresponding to one transport block after code block concatenation is referred to as one codeword in section 6.3.1 of [2].

Referring to the general encoding chain for the shared channel as shown here in Figure 1 for convenience, it can be observed that the LTE definition of a codeword for the downlink shared channel corresponds to the output of the code block concatenation, after channel coding and rate matching.
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Figure 1: Figure 5.3.2-1 in 36.212: Transport block processing for DL-SCH, PCH and MCH
Further, when referring to Section 6.3.1 in 36.211, the codewords are shown in Figure 6.3-1 (shown below as Figure 2 for convenience) as input to the scrambling block immediately before modulation mapping.
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Figure 2: Figure 6.3-1 in 36.211: Overview of physical channel processing
Following similar logic for the HS-DSCH, a codeword could be defined as the output of the Physical Layer Hybrid-ARQ functionality.  This is further justified as this is the last point in the coding chain before any mapping to the physical layer channels is specified.  Figure 3 illustrates the location of the transport block bits (aim1, aim2, …, aimA) and the proposed location for the codeword (w1,w2,…,wR) in the HS-DSCH coding chain.
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Figure 3: Coding chain for HS-DSCH in [5] with the additional clarification for CW and TB

With this clarification, we make the following observations on the existing R7 MIMO operations: 
· One transport block is mapped to one codeword (1 TB → 1 CW);
· One codeword is mapped to one layer (1 CW → 1 Layer);

· One HARQ per TB/CW;

· One CQI is reported for each TB/CW.

In view of this definition of a codeword and the R7 MIMO specifications, it seems more natural that a codeword be mapped to a single HARQ process.  We therefore propose to limit the scope of design evaluations to the case where a codeword can only be mapped to a single HARQ process:

Proposal: 
Evaluate design solution where a codeword can be mapped to a single HARQ process.
Note that an alternate definition for an HS-DSCH codeword could be the output of the channel coding block (bits ci1,ci2,…,ciE).  This definition would also result in the similar observations.

2.2 Approaches for mapping from TB to CW and from CW to Layer
A number of design approaches were discussed in contributions at the last RAN1 meeting.  The approaches considered can generally fall into 2 families:

Approach family A: Approaches based on a maximum of 4 codewords per TTI;

Approach family B: Approaches based on limiting the number of codewords in a single TTI to 2.
The mapping for transport block to codeword and from codeword to layer are discussed in the following sections for both approach families, under the assumption that a codeword may be mapped to at most one HARQ process.
2.2.1 Approach family A: maximum of 4 codewords per TTI

2.2.1.1 TB to CW mapping
The current R7 definition of the channel coding block implies that a single transport block is mapped to each codeword.  This approach can be applied directly in the 4-branch MIMO case when up to 4 simultaneous codewords are supported.  Thus there seems to be little motivation to multiplex two TB onto a single CW for this case.  
Thus when up to 4 CW are supported in a single TTI, it seems more natural to also support up to 4 TB and each TB is mapped to one CW, as illustrated in Figure 4.
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Figure 4: TB to CW mapping for up to 4 CW per TTI
2.2.1.2 CW to Layer mapping

The most straightforward solution consists of mapping each codeword to a separate layer as illustrated in Figure 5 REF _Ref308430331 \h 
.  This approach is simple and can be interpreted as an extension of the R7 MIMO case.  To maximize the benefits of this approach however significant signaling overhead would be required.  

More specifically, each codeword would require to be individually ACKed/NACKed on the HS-DPCCH and further a CQI per codeword may also be needed for the NodeB to make appropriate scheduling decisions.  Reduced signaling may be implemented by providing joint CQI and bundling ACK/NACK but this reduction in signaling results in approach family B, which supports up to 2 CW per TTI.
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Figure 5: CW to Layer mapping for up to 4 CW per TTI
2.2.2 Approach family B: maximum of 2 codewords per TTI, mapped to up to 4 layers

2.2.2.1 TB to CW mapping

Keeping the existing R7 channel coding block definition in the case where a maximum of 2 CW are supported for each TTI (and thus each CW is then mapped to up to 2 layers) implies that larger TB sizes would need to be specified in RAN2 to support the maximum data rates offered by 4-branch MIMO.  This concept is illustrated in Figure 6 A) where it is assumed that the TB support larger maximum sizes than the current specifications.  This approach is straightforward and would not require significant specifications changes.
One alternative approach to support up to two TB mapped to a single CW without changing the maximum TB size is to define new physical layer multiplexing, a concept illustrated at a high level in Figure 6 B) where 4 TB are mapped to 2 CW.
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Figure 6: TB to CW mapping for up to 2 CW per TTI
As shown in Figure 7, there are three options for multiplexing the data from two transport blocks to a single codeword:
A) The multiplexing is carried out before CRC.  This solution is conceptually similar to having larger transport blocks defined in the RAN2 specifications but may require additional signaling overhead in the form of additional TBS information;

B) The multiplexing is carried out after CRC attachment.  A CRC is attached to each TB and then the two TBs with their attached CRC are then multiplexed before the channel encoder.  There may be some benefits (e.g. at the decoder) to having two CRCs in a single CW – these benefits however would need to be measured.  We also note that since the two TB are jointly coded, inter-layer SIC would be challenging to implement.  We finally observe that if it is agreed to have one CW mapped to only one HARQ process, the system will not take advantage of HARQ retransmissions for the TB separately.
C) The multiplexing is carried out after channel coding.  This option is similar in concept to having two CWs and multiplexing them onto a single HARQ process (2 CW → 1 HARQ); both CWs would be ACKed/NACKed jointly.  Note that if each TB is mapped to a different layer, this approach may provide means for inter-layer SIC.  Doing so becomes equivalent to Approach family A, with the difference of the joint HARQ-ACK and CQI reporting. We finally observe that as for the case of multiplexing option B), if it is agreed to have one CW mapped to only one HARQ process, the system will not take advantage of HARQ retransmissions for the TB separately.
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Figure 7: Three options of TB to CW mapping when a maximum of 2 CW per TTI are supported
Table 1 is a summary of the options for multiplexing two TB onto one CW.  For the purpose of evaluation of the various design options for 4-branch downlink MIMO, it appears that multiplexing option A) is similar to the approach illustrated in Figure 6 A), where larger TB are used at L2.  Likewise, multiplexing option B) and multiplexing option C) can be interpreted as variant of the 4 CW per TTI approach with joint HARQ processes for pairs of CW.  For the purpose of evaluation, it appears comparing multiplexing option C) to the Approach family A with 4 CW per TTI would allow measuring the performance difference due to joint HARQ operations for pair of CW.
Table 1: Summary of the multiplexing options

	Option for multiplexing
	Observation

	A) “before CRC”
	· Similar to having larger TB defined in L2; 
· May require additional signaling overhead.

	B) “after CRC”
	· Added CRC without associated HARQ;

· Evaluation would be needed to measure potential additional benefits;

· Inter-layer SIC challenging.

	C) “after channel coding”
	· Similar to Approach A with joint HARQ;

· May provide means for inter-layer SIC implementation.


2.2.2.2 CW to Layer mapping

When mapping two codewords onto up to 4 layers, a mapping needs to be defined to separate the bits across multiple layers.  One example for the case 2 CW to 4 layer using permutation is illustrated in Figure 8.  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 8: CW to Layer mapping for up to 2 CW per TTI
For multiplexing options A) and multiplexing option B), the permutation should ensure that not all consecutive bits from the codeword are mapped to the same layer.  One example is to map even bits to the first layer and odd bits to the second layer; this approach is used in LTE.  Such a permutation further allows the UE to report a single CQI per CW; thereby reducing the signaling load on the uplink.  This simplification allows for a tradeoff between signaling overhead and performance and should be evaluated.
We note that in the case of multiplexing option C), the permutation/multiplexing combination may be designed to either map each CW to a separate layer in which case SIC can be applied to reduce inter-layer interference, or to map the bits such that each layer transport bits from both CW in which case inter-layer SIC may not be applied.
2.3 Summary
Based on the above discussion, we identify four options for evaluation:

Approach family A: Up to 4 simultaneous CW in a TTI:

· 1 TB per CW (1 TB → 1 CW)

· 1 CW per layer (1 CW → 1 Layer)

· 1 HARQ process and CQI per CW

Approach family B: Up to 2 simultaneous CW in a TTI using larger TB sizes:
· Candidate 1
· (1 TB → 1 CW) with larger TB

· 1 CW mapped to up to 2 layers (1 CW → 2 Layer) with layer permutation

· 1 HARQ process and CQI per CW

· Candidate 2a
· (2 TB → 1 CW) with multiplexing (e.g. multiplexing option C))

· 1 CW mapped to up to 2 layers (1 CW → 2 Layer); mapping 1TB per layer (for inter-layer SIC)
· 1 HARQ process and CQI per CW

· Candidate 2b
· (2 TB → 1 CW) with multiplexing (e.g. multiplexing option B or C)

· 1 CW mapped to up to 2 layers (1 CW → 2 Layer) with layer permutation  (no inter-layer SIC)

· 1 HARQ process and CQI per CW

3 Conclusion

In this contribution we propose a clarification on the definition of the codeword for HS-DSCH and propose the following:

Proposal: 
Evaluate design solution where a codeword can be mapped to a single HARQ process.
We further discuss alternatives for the mapping of TB to CW and then of CW to Layers.  We finally propose baseline candidate for evaluation of the two approach families identified (up to 4 CW per TTI vs. up to 2 CW per TTI).
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