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Introduction 

In current UL sounding based CL-MD and Co-MIMO operation, AMS shall send the calibration sounding sequence obtained by replacing the original sounding signal 
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 upon receiving AAI_MULTI_BS_SOUNDING-CAL, 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 . This scheme  can facilitate the cooperated ABSs to compensate the mismatch of DL/UL channel. However, it has some shortcomings:
· If there are N ABSs, N+1 sounding channels are needed
i.   N+1 OFDMA symbols should be allocated for sounding channels which degrades the efficiency of radio resource usage
ii.   More time is needed for calibration process. When N+1 is larger than the number of UL subframes in a frame, extra delay of more than two frames will be introduced and the accuracy of channel information will degrade.  
In this contribution, we proposed an improvement for current sounding based calibration scheme. The modified scheme does not change the fundamental characteristic of the sounding based calibration, and the calibration sounding channel for the serving ABS is preserved.
Proposed Modification

  The general concept of the modification is conveying the information of the differential phase of each adjacent ABS to the serving ABS in the DL channels, instead of their original phases.

For the collaborative ABSs which are not the serving ABS, AMS sends the calibration sounding sequence obtained by replacing the original sounding signal 
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, where 
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 is the phase of DL channel of the adjacent ABS involved in DL multi-BS joint MIMO processing (the adjacent ABSs which are listed in adjAbsBitmapMultiBSMIMO) on the k-th subcarrier and 
[image: image7.wmf],

ks

q

is that of the serving ABS(all from the first antenna at ABS to the first antenna at AMS). The modified scheme does not change the fundamental characteristic of the sounding based calibration, and the calibration sounding channel for the serving ABS is preserved.
Example of Usage

CL-MD (Close-loop macro diversity)
1. Three collaborated ABSs: serving ABS, Neighbor ABS2, and Neighbor ABS2

2. Since ABSs have already estimated the UL channel response from previous sounding channel, adjacent ABS1 and adjacent ABS2 can estimate and obtain the phase 
[image: image8.wmf],1

,

,

DLDL

ks

ka

qq

-+

 and 
[image: image9.wmf],2

,

,

DLDL

ks

ka

qq

-+

, where 
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 is the phase of DL channel of adjacent ABSx on the k-th subcarrier
3. Denote dk as the data symbol that is transmitted by CL-MD on subcarrier k. Upon transmission, neighbor ABS1 and ABS2 pre-compensate dk by 
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, respectively
4. At the AMS side, the phase of received signal from neighbor ABS1 is 
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, similarly, the phases of received signal from neighbor ABS2 and serving ABS are also 
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. Thus, coherent joint transmission is achieved with only two calibration sounding channels
5. The phase 
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 can then be compensated at the AMS side
Conclusion
   The proposed scheme improves the performance of the sounding based calibration while keeping its fundamental characteristic. It has the following advantages:
1. The spectrum efficiency can be improved since one sounding channel can be reduced

2. The delay of the proposed calibration scheme is less than the original scheme, and is more reliable if the channel status is time varying.
3. The proposed scheme can reduce the processing overheads of channel estimation for the serving ABS and signal transmission for the AMS

4. Since the number of channel estimation needed is less in the proposed scheme, the sensitivity to phase estimation error is also less (please see Appendix)  
Proposed text
# Remedy 1

16.5.1.3 DL Multi-BS Joint MIMO Processing

16.5.1.3.1 AAI_NBR-ADV

[modified the following text in line 29, page 805 of P80216m_D6]
For UL sounding based DL CL-MD and Co-MIMO operation, the sounding sequence can be used for DL/UL channel calibration. Upon receiving AAI_MULTI_BS_SOUNDING-CAL, the AMS shall send the calibration sounding sequence obtained by replacing bk in equation 256 by 
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is the phase of downlink channel of adjacent ABS involved in DL Multi-BS joint MIMO processing on the k-th subcarrier, and 
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is the phase of serving ABS’s downlink channel on the k-th subcarrier. (from the first antenna at ABS to the first antenna at AMS) measured via downlink midambles.
ABS uses 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 of the adjacent ABS).

#Remedy 2 
16.2.3.41 AAI_MULTI_BS_SOUNDING-CAL
[modified the following text in line 41, page 174 of P80216m_D6]
Upon receiving AAI_MULTI_BS_SOUNDING-CAL, the AMS shall send calibration sounding sequence defined in section 16.5.1.3.1 at consecutive certain number (the number of '1's in adjAbsBitmapMultiB​SMIMO in AAI_MULTI_BS_MIMO-RSP) of sounding subframes.The i-th calibration sounding subframe is mapped to the i-th involved adjacent ABS in adjAbsBitmapMultiBSMIMO.
[End of proposed text]
Appendix: Performance analysis under phase estimation error
  In appendix, we analyze the mean square error (MSE) of the received combined signal at AMS to the perfect combined signal under non-ideal channel estimation (all estimated phases have some offsets to the real ones) by using the proposed sounding based calibration scheme and the current scheme. It can be proved that, under the assumption that the estimation error of phases are independent random variable (may not identically distributed) with even probability density functions and the values are bounded in [-π/4,π/4] (Pr(|error of estimated phase|<=π/4)~0), then the MSE of the proposed scheme is smaller than or equal to that of the current scheme. 

For simplicity, serving ABS and one adjacent ABS are considered, however, the derivation below can be simply extended to more ABSs and lead to similar result.

Some notations are defined as follows:
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: The phase of DL channel of the serving ABS at the AMS side
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: The phase of DL channel of the adjacent ABS at the AMS side
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: The phase of UL channel at the serving ABS side
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: The phase of UL channel of the at the adjacent ABS side

As : The magnitude of DL channel of the serving ABS at the AMS side. As > 0.
Aa: The magnitude of DL channel of the adjacent ABS at the AMS side. Aa > 0.
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: The phase estimation error of DL channel of the serving ABS at the AMS side
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: The phase estimation error of DL channel of the adjacent ABS at the AMS side
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: The phase estimation error of UL channel of the first sounding channel (regular sounding channel) at the serving ABS side
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: The phase estimation error of UL channel of the calibrated sounding channel (in current scheme) at the serving ABS side 
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: The phase estimation error of UL channel of the first sounding channel (regular sounding channel) at the serving ABS side
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: The phase estimation error of UL channel of the first sounding channel (regular sounding channel) at the serving ABS side

1. The two ABS estimate the UL channel phase from a regular sounding channel
The estimated phase at the serving ABS: 
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The estimated phase at the adjacent ABS: 
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2. The AMS transmits calibration sounding channel
a. In the current scheme: the AMS transmits two calibration sounding channel. One for serving ABS, in which sounding signal is compensated by 
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, another for adjacent ABS in which sounding signal is compensated by 
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b. In the proposed scheme: the AMS transmits a calibration sounding channel for the adjacent ABS, in which sounding signal is compensated by 
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3. The ABSs estimate the DL phases from the calibration sounding channel

a. In the current scheme: the estimated DL phase of the serving ABS is 
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, and that of the adjacent ABS is 
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b. In the proposed scheme: the estimated DL phase of the adjacent ABS is 
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4. The ABSs jointly transmit a signal d with phase compensation to the AMS

a. In the current scheme: the serving ABS transmits the signal 
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 and the adjacent ABS transmits the signal 
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b. In the proposed scheme: the serving ABS transmits the signal 
[image: image57.wmf]d

and the adjacent ABS transmits the signal 
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5. The AMS received the superimposed signal
a. In the current scheme: The received signal from the serving ABS at the AMS is 
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, similarly, the received signal from the adjacent ABS at the AMS is 
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b. In the proposed scheme: The received signal from the serving ABS at the AMS is 
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, and the received signal from the adjacent ABS at the AMS is 
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. After compensate the phase 
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 by the AMS, the compensated signal becomes 
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6. Since the modulated signal d is a constant here, we can assume d = 1 without loss of generality. Then we compare the MSE of the received signals in the two scheme to the ideal combined signal 

a. In the current scheme: The MSE can be expressed as 
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b. In the proposed scheme: The MSE can be expressed as

[image: image67.wmf],,

,

21

'

'

1

2

2

()

()

222,2,,

21

,,,,

212

()

222(cos())2(cos())

2(0.5(cos())(cos())(cos(

ULaULa

DLs

j

j

proposedsasa

DLsULaULa

sasa

M

M

DLsULaULaDLs

sa

MSEEAeAeAA

AAAEAE

AAEEE

-D+D

-D

=+--

=+-D--D+D

-+D+-D+D-D+D

144424443

1444442444443

'

3

,,

1

))

ULaULa

M

-D

1444444444444444442444444444444444443


To compare 
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 and 
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, we assume that all the phase estimation errors are independent (may not identical distributed) random variables and have even probability density function. Moreover, the values of the phase estimation errors are bound in [-π/4, π/4] that is, Pr(|phase estimation error|>π/4)~0. Under the assumptions, we have following lemmas
Lemma 1: Let 
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 (n>=1) are independent continuous random variable with even probability density function, that is 
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Proof:

It can be proved by induction.

For n = 1, the statement is true.

Assume when n = j-1 (j>=2), E(cos(
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For n = j, E(cos(
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Lemma2 If the value of a continuous random variable x is bound in [-π/4, π/4], then 0<=E(cos(x))<= 1        ▇
Lemma3 If 0<
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Proof:
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Thus 
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 is a monotone increasing function of x and y when 0<x,y<1, which directly leads to the desired result.                                                                                ▇
Combining Lemma1~Lemma2, it can be verified that 
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. Combining Lemma1~Lemma3, it can be verified that 
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