
IEEE C802.16m-09/2983r1

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	UL Sounding based multi-BS calibration scheme

	Date Submitted
	2009-12-30

	Source(s)
	Shuangfeng Han, Jing Li, Chiwoo Lim, Eunseok Ko, Zhen Wang, Sangwoo Lee, David Marzarese, Hokyu choi, Heewon Kang

Samsung Electronics Co., Ltd. 
	shuangf.han@samsung.com
jean.li@samsung.com


	Re:
	IEEE 802.16-09/0073: IEEE 802.16 Working Group Letter Ballot Recirc #30b announcement

	Abstract
	The contribution proposes multi-BS calibration scheme based on UL sounding

	Purpose
	To be discussed and adopted by TGm for the 802.16m D4.

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


UL Sounding based multi-BS calibration scheme 

Shuangfeng Han, Jing Li, Chiwoo Lim, Eunseok Ko, Zhen Wang, Sangwoo Lee,

 David Marzarese, Hokyu choi, Heewon Kang

Samsung Electronics Co., Ltd.
1. Introduction:

Joint transmission from different ABS to 1 or several AMS is supported in IEEE 802.16m. When DL Multi-BS joint processing is enabled, radio resource allocation, data mapping and pilot pattern allocation should be aligned among coordinating ABSs. The same data packet is transmitted by the coordinating ABSs on the same time and frequency resources.  

With adaptive precoding, the precoder matrix at ABS is derived from the feedback of the MS, either 1) codebook-based feedback or 2) sounding-based feedback. Two types of adaptive precoding based multi-BS joint processing are supported, Closed-loop Marco Diversity (CL-MD) and Collaborative MIMO (Co-MIMO) transmission. When CL-MD is enabled, a single AMS is served jointly by multiple coordinating ABSs. When Co-MIMO is enabled, several AMSs are served jointly by the multiple coordinating ABSs through MU-MIMO scheduling and precoding.

The UL sounding signals can be transmitted by AMS to enable ABS to estimate the BS-to-MS channel response under the assumption of reciprocity between UL and DL in TDD. BS can use the estimated UL channel response to perform DL CL-MD or Co-MIMO. However, channel reciprocity is guaranteed only for propagation channels. Hence, antennas calibration should be performed to fully exploit channel reciprocity. For single-cell transmissions, intra-cell antenna calibration is needed. For Multi-BS joint transmissions, inter-cell antenna calibration should also be performed. If antennas of different transmission points are not calibrated, then performance will be significantly degraded.  
2. Open issues:

Most of the prior arts about BS antenna calibration are for single cell calibration. For multi-BS joint DL transmission, BS antenna calibration is more important, because signals from different ABS may not be in phase with each other. Consider coherent joint transmissions from two ABSs for the m-th AMS with single antenna. Assuming maximal ratio transmission, the n-th ABS will use the following beamforming weight for the k-th AMS:
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where 
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 denotes the equivalent DL channel matrix between the n-th ABS and the m-th AMS including the RF factors of the transmitter chain at the ABS and the receiver chain at the AMS, and 
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 denotes the equivalent UL channel matrix between the m-th ABS and the k-th AMS including the RF factors of the receiver chain at the ABS and the transmitter chain at the AMS. || . || and 
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denote the vector norm and the matrix hermitian operation. Then, the received signal at the m-th AMS is given by
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where dk and nk denote the transmitted signal and a complex Gaussian noise vector for the m-th AMS, and 
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 is optimized per each ABS to the AMS, 
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 may not have the same phase, greatly degrading detection performance at AMS.

3. Proposed sounding based Downlink Multicell MIMO transmission scheme: 

In this contribution, we propose sounding based downlink multicell MIMO transmission scheme. The main targets are to reduce feedback overhead for BS calibration, and to maximize received SINR at AMS for independently calibrated ABS joint transmission.  The main procedure is outlined as following:
Step 1: Single-cell calibration is performed in every ABS, all of antennas of each ABS being aligned with a certain phase and amplitude.
Step 2: Serving ABS indicates in Feedback_Polling_IE which AMS is involved in multi-BS MIMO joint transmission (CL-MD or Co-MIMO).

Step 3: The serving ABS schedules UL sounding for this AMS in the UL Sounding Command A-MAP IE.  Suppose sequence 
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 is scheduled to this AMS for UL sounding in frequency domain, occupying L subcarriers.    

Step 4: The AMS involved in multi-BS MIMO estimates all DL reference channels corresponding to multiple cooperating BSs, such as midamble. Denote by 
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 the channel from the i-th transmit antenna of the k-th ABS (k=1,…N, is the BS index in the collaborating ABS set, N is collaborating ABS number.) to the j-th receive antenna at the AMS on the sub-th subcarrier in OFDM/OFDMA system. Since single cell calibration is done, we assume single input single output (SISO) link between each ABS and AMS is enough for multicell calibration, i.e., AMS estimates 
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 for k=1,…,N, with (i,j) being any possible combination of transmit and receive antennas. For simplicity, we denote 
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Step 5: The AMS estimate the phase 
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, k=1,…,N and 
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 is amplitude.
Step 6: If DL/UL channel calibration in the UL Sounding Command A-MAP IE is set to 0b0 (Table 1), meaning DL channel calibration based on UL sounding is needed, AMS will transmit new sounding sequence 
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in sounding sequence 
[image: image24.wmf]q

s

 will carry DL channel phase information 
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 of the corresponding subcarriers. The mapping rule of 
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to each element in
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 is as follows:

1. For the k-th (k=1,…,N) sounding frame/subframe, the DL channel phase information of only the k-th ABS will be conveyed.  Each element (occupying one subcarrier) in sounding sequence is multiplied by the 
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on the corresponding subcarrier. The new sounding sequence can occupy the first N sounding frame/subframe or more. ABS shall indicate to AMS about duration of sounding based calibration through DL control message, or ABS and AMS follow the predefined duration of sounding based calibration. 

2. Alternatively, Random mapping may be used: 
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from the k-th ABS may be multiplied to one sounding sequence in one sounding frame/subframe on the corresponding subcarriers, or multiplied to different sounding sequence to be transmitted in different frame/subframes on the corresponding subcarriers. Serving ABS needs to inform AMS about this mapping through DL control message. Also, serving ABS needs to inform the collaborating ABS about this mapping.   

Step 7:  Each collaborating ABS detects the new sounding sequence. After UL transmission, each ABS will obtain the phase on each subcarrier occupied by the new sounding sequence,
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, where 
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 is the phase of UL channel where UL sounding sequence is transmitted.
Step 8:   Each ABS in the collaborating set configures DL precoder based on UL channel measurement (obtained from UL sounding sequence or elements where no DL channel phase information is conveyed). Also, each ABS in the collaborating set will pre-compensate phase shift by transmitting data 
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 which is obtained from original AMS data 
[image: image33.wmf]k

d

  in the following way.
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Proposed Text Changes
Remedy #1: 

To add new message in section 16.2.3 AAI_MULTI_BS_MIMO_CALIBRATION
---------------------------------------- Text Start -------------------------------------------------------

16.2.3.xx AAI_MULTI_BS_MIMO_CALIBRATION

The AAI_MULTI_BS_MIMO_CALIBRATION message shall be transmitted by the ABS to AMS indicating whether multiBS MIMO calibration is needed. 
---ASN.1START

AAIMULTIBSMIMOCALIBRATION Message::SEQUENCE{

DL/UL channel calibration  BIT STRING (SIZE (1)), 

}
Table 7xx- AAI_MULTI_BS_MIMO_CALIBRATION
	Name 
	Size (bit) 
	Usage

	DL/UL channel calibration
	1
	0b1: DL channel calibration based on UL sounding
0b0: No DL channel calibration based on UL sounding


If DL/UL channel calibration is set to 1, the AMS shall send calibration sounding sequence defined in section 16.3.9.2.3.1 at consecutive certain number (the number of ‘1’s in Bitmap_for_involved_adjacent_ABSs_in_multiBS_MIMO in AAI_MULTI_BS_MIMO-RSP plus 1) of sounding subframes upon receiving of the Sounding Command A-MAP IE. The first calibration sounding subframe is mapped to the serving ABS and the i-th calibration sounding subframe is mapped to the i-th involved adjacent ABS in Bitmap_for_involved_adjacent_ABSs_in_multiBS_MIMO.
---------------------------------Text End-------------------------------------------------

Remedy 2: Modify the section 16.3.9.2.3.1, add following text after the last paragraph.

---------------------------------Text Start-------------------------------------------------

The sounding sequence can be used for DL/UL channel calibration. If DL/UL channel calibration in AAI_MULTI_BS_MIMO_CALIBRATION is set to 1, the calibration sounding sequence shall be sent by AMS, which is obtained by replacing 
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 in equation 256 by 
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, where 
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is the phase of downlink channel on the k-th subcarrier (from the first antenna at ABS to the first antenna at AMS) measured via downlink midamble in the frame where the calibration sounding sequence is transmitted. The calibration sounding sequence can also obtained by replacing 
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 in equation 257 by 
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ABS can use phases of the received UL calibration sounding sequence as UL and DL channel phase mismatch (i.e., 
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being UL channel phase).  

---------------------------------Text End-------------------------------------------------

Remedy 3: Modify section 16.5.1.3.1, add following text before the last paragraph.

---------------------------------Text Start-------------------------------------------------

For UL sounding based DL CL-MD and Co-MIMO operation, each collaborative ABS shall compensate DL and UL channel phase mismatch as specified in section 16.3.9.2.3.1. The constellation-mapped data specified in section 8.4.9.4.2 shall be multiplied by 
[image: image42.wmf]()

DLUL

kk

j

e

qq

-

before being subsequently modulated onto the allocated data subcarriers.
---------------------------------Text End-------------------------------------------------[image: image43.png]
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