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1. Introduction
In AWD [2], the parameter of “OL region” is listed in the table 672-DL MIMO control parameters with TBD. In this contribution, the detailed concept of OL region and performance evaluation is provided. Text proposal is also included.

2. Concept of OL region
The OL region is the predefined zone in reuse-1 frequency partition dedicated for OL MIMO transmission. In the OL region, only OL MIMO can be used. 
OL region resources allocation is allocated using logical LRUs. The remaining resources may be used for the normal region (or called non-OL region) where any MIMO mode can be supported.

In OL region, the CQI can be estimated using precoded pilots only without using midamble.
Two kinds of OL regions are defined: rank-1 OL region and rank-2 OL region.

Rank-1 OL region can only support rank-1 precoder, while rank-2 OL region can support SU STBC/SM and OL MU MIMO. 
In rank-1 region, 1 stream pilot is always transmitted. Only mini-band CRU and sub-band CRU is supported in rank-1 OL region.

In rank-2 region, 2 stream pilots are always transmitted. Both DRU, mini-band CRU and sub-band CRU are supported in rank-2 OL region. For OL SU MIMO mode, the STBC and SM can be flexibly adapted. For OL MU MIMO, full rank transmission is always used (no adaptation to SU MIMO rank-1 precoder).
The benefit to define the OL region is to maintain the static interference for OL MIMO, improve accuracy of the CQI estimation and covariance matrix of interference.
The following figure shows an example of OL region for rank-1 and rank-2 configurations.
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Figure 1 Example of OL region allocation
3. Performance evaluation

Link level performance is evaluated and shown in following figure.  2x2 OL SU MIMO SM rank-2 in DRU is used for evaluation, and there are 2 interference BSs (power range are power are [4:10]  and [7:13] dB). The power of servering BS is 0 dB. 
In OL region (blue curve), we use neighboring 5 subframes to estimate the covariance matrix of interference, while in non-OL region (red curve), one subframe has to be used to estimate it because neighboring subframe could be any MIMO modes and the pilot stream is different.
As the result, 0.5 dB gain is obtained in link level by utilizing OL region
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Figure 2 LLS comparison of Ol region and non-OL region
   SLS result is also provided in figure 3 to show necessity of OL region.  Without OL region, the interference is dynamic because the scheduling of different user and different precoder from CL MIMO and rank adaptation, so the interference is quite dynamic, which greatly impact the overall performance. In the evaluation, CL MIMO is assumed to be used in the interference cell for non-OL region. And for OL region, the interference cell uses the same MIMO mode.

   According to the result, 8% performance loss is observed is OL region is not used.
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Figure 3 SLS comparison

4. Conclusion
OL region is important feature for the operation of OL MIMO in 16m. It should be supported in AWD.
5. Reference
[1] 80216m-08/003r8, “System Description Document (SDD)”
[2] IEEE 802.16m-09/0010r1a, “IEEE 802.16m Amendment Working Document”
6. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
15.3.7.2.6.5 Donwlink signaling support of DL-MIMO modes

Table 1 – DL MIMO control parameters
	Parameter
	Description
	Value
	Control channel

(IE)
	Notes

	

	
	
	
	
	

	Broadcast Information

	Nt
	Number of transmit antennas at the BS
	0b00: 2

0b01: 4

0b10: 8
	SFH (system information)
	Nt must be known before decoding the DL A-MAP IE 

	OL Region [TBD]
	OL MIMO region, which signaling is used to indicate MS where is the predefined OL MIMO region and number of streams (1 or 2)
	TBD
	Broadcast information
	Two kinds of OL region is defined:Rank-1 OL region and rank-2 OL region.

Rank-1 OL region supports rank-1 precoder, using mini-band CRU and sub-band CRU. Rank-2 OL region supports OL SU STBC/SM and OL MU MIMO. Both DRU, mini-band CRU and sub-band CRU are supported in rank-2 OL region.

Rank-1 and rank-2 OL region formed using logical LRUs.  

	SU_CT 
	SU base codebook type
	
	Broadcast information
	SU base codebook subset indication

	MU_CT (TBD)
	MU base codebook type
	
	Broadcast Information


	MU base codebook subset indication

	BC_SI
	Rank-1 base codebook subset indication
	BitMAP

(Same size as rate-1 codebook for each number of transmit antenna)
	Broadcast information 
	Rate-1 codebook element restriction/recommendation information

It shall be ignored if CCE = 0b0

	MaxMt (TBD)
	Maximum number of streams
	0b00:  2

0b01:  3

0b10:  4

0b11:  reserved
	Broadcast information
	If MFM indicates a MU feedback mode: the maximum number of users scheduled on each RU

	Unicast Information

	
	
	
	
	

	MEF
	MIMO encoder format
	0b00: SFBC

0b01: Vertical encoding
0b10: Horizontal encoding
0b11: n/a
	A-MAP IE (unicast)
	MIMO encoder format.
[MEF bitfield may not be explicitly indicated in DL A-MAP IE]

	Mt
	Number of streams in transmission
	0b000: 1

0b001: 2

0b010: 3

0b011: 4

0b100: 5

0b101: 6

0b110: 7

0b111: 8
(Mt <= Nt )
	A-MAP IE (unicast)
	Number of streams in the transmission.

When MEF=0b00: Mt =2 

MEF=0b10, Mt <= 4
[Bit-field length is variable, depending on the number of Tx at BS]

	RU allocation (TBD)
	RU [and stream] indicator for the burst of data
	TBD 
	A-MAP IE (unicast)
	Refer to DL control group.

	SI (TBD)
	Index of pilot stream allocation
	0b00: 1

0b01: 2

0b10: 3

0b11: 4
	A-MAP IE (unicast)
	SI shall be indicated if MEF = 0b010
[Bit-field length is variable, depending on the number of Tx at BS]

RU allocation and SI can be merged together depending on other DG’s decision

	
	
	
	
	

	Feedback Allocation IE

	MFM
	MIMO feedback mode
	Refer to Table 5
	Feedback allocation IE (unicast)
	To decide the feedback content and related MS processing

	DLRU (TBD)
	Downlink RU, indicating

which RUs or which type of RU (DRU or miniband-based CRU) to work on for feedback
	TBD (Tree structure, bit map etc)
	Feedback allocation IE (unicast)
	To process CQI (PMI) estimation for the indicated RUs

Refer to other DG

	FT
	MIMO feedback type
	0b00: codebook

0b01: sounding
	Feedback allocation IE (unicast)
	

	CM
	Codebook feedback mode
	0b00: standard

0b01: adaptive

0b10: differential
	Feedback allocation IE (unicast)
	Enabled when FT = 0b00

	CCE
	Codebook Coordination Enable
	0b0: Disable 

0b1: Enable
	
	CCE = 0b0: MS finds PMI within whole broadcasted codebook type entry

CCE = 0b1: When MS finds rate-1 PMI, it finds within broadcasted codebook entries indicated by BC_ST, [SU_CT and MU_CT]


-------------------------------  Text End  ---------------------------------------------------[image: image4.png]
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