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Proposed Text of MIMO for the IEEE 802.16m Amendment: Text Proposal #9, Mapping of Data to Sub-carriers
Eldad Zeira, Ron Murias
InterDigital Communications LLC
1. Introduction
In [5] we have introduced a cell based data symbol to sub-carrier permutation scheme for SFBC that significantly reduces impact of inter-cell interference. In [6] we have adapted the proposal and submitted it to the MIMO DG.
The issue of MIMO sub-carrier mapping for SFBC has not yet been discussed in details. There are several alternatives we could possibly take:

A) We could use the same mapping for all cells. For fixed location channels there is then nothing more we can do except to continue doing what we have done all along which is to use very low rate FEC coding and repetition of information. 

B) For variable location channels we could stagger their location, effectively obtaining a 1:2 reuse pattern at best. 

C) In this proposal we use a cell-specific mapping scheme with a 1:3 reuse pattern. This arrangement provides higher gain than the 1:2 reuse pattern obtainable by location shifting alone.

The technique requires a minimal level of coordination between ABS, similar to that required for frequency reuse or for interlaced pilots (but doesn’t require their use).

As we have previously shown, this gain is obtained at the symbol level (BER) and is therefore independent of and an addition to any coding gain obtained with the increased diversity. This gain is obtained with simple MMSE with no interference cancellation or modeling whatsoever which could be important for some devices. 

The benefits are highest for low SINR at cell edge with a single interfering cell but are positive at any SINR and number of interferers. The technique is therefore particularly beneficial for downlink control signals that have to be decodable by all MS including at cell edge at very low SINR. Those are typically transmitted in OL MIMO in distributed mode which is the mode for which we propose the technique.

Note also that the permutations have no impact on performance (either against noise or inter-cell interference) when applied to non-SFBC MIMO modes. For that reason there is no need to coordinate usage of SFBC across cells.
2. Principles the technique                                                  

Many permutation patterns are possible and will provide the inter-cell interference reduction in [6]. In developing the permutation pattern for 802.16m downlink control channels we have assumed that:

D) Mapping is completely contained in a tile (i.e. the periodicity is a divisor of the number of data sub-carriers in a tile)
E) When mapping logical to physical resources, a minimum of 4 sub-carriers is kept contiguous

F) A variable precoder may be applied but is assumed to be kept constant over at least 4 contiguous carriers
G) Pilot location could be cell specific (interlaced) or common to all cells. However it is assumed that the pilots in the logical resource unit are skipped when the logical to physical mapping is performed.
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[4] IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”, 2009-02-07. 
[5] SFBC to Sub-carrier Mapping with Permutations for 802.16m Downlink Control Channels, Eldad Zeira et. al. , C80216m-0381r1_InterDigital.doc 
[6] SFBC to Sub-carrier Permutations to Reduce Inter-cell Interference for 802.16m, Eldad Zeira et. al. , C80216m-09_0233.doc
4. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #1 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Recommended text proposal #1 on definitions and abbreviations] 

3. Definitions

Abbreviations and acronyms
Insert the following at the end of section 4:
CL


Closed-loop

CMI


Codebook Matrix Index

CSM


Collaborative Spatial Multiplexing

DL


Downlink

HE


Horizontal Encoding

MU


Multi-User
OL


Open-loop

PMI


Precoding Matrix Index
RU


Resource Unit

SFBC

Space-Frequency Block Code
STC


Space-Time Coding
SU


Single-User

UL


Uplink

VE


Vertical Encoding
Insert a new section 15: 

4. Advanced Air Interface 

4.1. Physical layer 
Introduction
OFDMA symbol description, symbol parameters and transmitted signal 
Frame Structure
Reserved

Downlink physical structure
Downlink physical control

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #2 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: recommended text proposal #2 to change the title of subcluase 15.3.7 to the proposed title] 

Downlink MIMO transmission schemes

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #3 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Recommended text proposal #3 on DL-MIMO architecture and layer-to-stream mapping]
Downlink MIMO architecture and data processing

4.1.1.1.1. Layer to stream mapping

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #4 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Recommended text proposal #4 on DL-MIMO encoding]

4.1.1.1.1.1. SFBC encoding

4.1.1.1.1.2. Vertical encoding

4.1.1.1.1.3. Horizontal encoding

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #5 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Recommended text proposal #5 on steam-to-antenna mapping and DL-MIMO precoding]

4.1.1.1.2. Stream to antenna mapping

4.1.1.1.2.1. Non-adaptive precoding
4.1.1.1.2.2. Adaptive precoding
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #6 ~~~~~~~~~~~~~~~~~~~~~~~]

[Recommended text proposal #6 on DL MIMO modes and the title of a subclause ‘Mapping to data subcarriers’]

4.1.1.1.3. Downlink MIMO modes

4.1.1.1.4. Mapping to data subcarriers

[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #7 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Recommended text proposal #7 on Encoding, precoding and mapping of SU-MIMO]

Transmission schemes for data channels

4.1.1.1.5. Encoding, precoding and mapping of SU-MIMO

4.1.1.1.5.1. Encoding of MIMO modes

4.1.1.1.5.1.1. MIMO mode 0
4.1.1.1.5.1.2. MIMO mode 1
4.1.1.1.5.1.3. MIMO mode 2 
4.1.1.1.5.2. Precoding of MIMO modes

4.1.1.1.5.2.1. MIMO mode 0 
4.1.1.1.5.2.2. MIMO mode 1
4.1.1.1.5.2.3. MIMO mode 2
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #8 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Recommended text proposal #8 on Encoding, precoding and mapping of MU-MIMO]

4.1.1.1.6. Encoding, precoding and mapping of MU-MIMO

Encoding of MIMO mode 3
Encoding of MIMO mode 4 
Precoding of MIMO modes

4.1.1.1.6.1.1. MIMO mode 3 
4.1.1.1.6.1.2. MIMO mode 4
[~~~~~~~~~~~~~~~~~~~~~ Recommended Text Proposal #9 ~~~~~~~~~~~~~~~~~~~~~~~]

[Note: Rrecommended text proposal #9 on mapping of data/pilot subcarriers and usage of MIMO modes]

4.1.1.1.7. Mapping of data subcarriers

MIMO mode 0

MIMO encoder (SFBC) outputs are grouped in quartets (each quartet includes 2 consecutive pairs of sub-carriers). One of 3 cell-specific permutations defined in Table SCP-1 is applied to the quartet. The quartets are then mapped in frequency-domain or time-domain fashion.

Table SCP-1

	Cell
	f0
	f1
	f2
	f3

	0 (basic)
	Sn
	-Sn+1*
	Sn+2
	-Sn+3*

	1 (shift)
	-Sn+3*
	Sn
	-Sn+1*
	Sn+2

	2 (interlace)
	Sn
	Sn+2
	-Sn+1*
	-Sn+3*


In frequency domain-first, consecutive symbol quartets for each antenna at the output of the MIMO precoder are mapped in a frequency domain first order, starting from the data subcarrier quartet with the smallest OFDM symbol number and smallest subcarrier quartet index. When the edge of the allocation is reached the mapping is continued on the next OFDM symbol.

In time domain–first, consecutive symbol quartets for each antenna at the output of the MIMO precoder are mapped in a time domain first order, starting from the data subcarrier quartets with the smallest subcarriers quartets index and smallest ODFM symbol index and continuing to subcarrier quartets index with increasing OFDM symbol index. When the edge of the allocation is reached, the mapping is continued on the next subcarriers quartets .
MIMO mode 1, 2

MIMO mode 3, 4

4.1.1.1.8. Mapping of pilot subcarriers
4.1.1.1.9. Usage of MIMO modes
Table 3 shows permutations supported for each MIMO mode. The definition of DRU, mini-band based CRU, and subband based CRU are in subclause [TBD]. 

Table 3 – Supported permutation for each DL MIMO mode
	Permutation

MIMO
Mode
	DRU
	Mini-band based CRU
	Subband based CRU

	MIMO mode 0
	Yes
	Yes
	No

	MIMO mode 1
	Yes
	Yes
	Yes

	MIMO mode 2
	No
	Yes
	Yes

	MIMO mode 3
	No
	Yes
	Yes

	MIMO mode 4
	No
	Yes
	Yes


All pilots are precoded regardless of number of transmit antennas and allocation type. 
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