3GPP TSG-RAN1 #58bis R1-094252
Miyazaki, Japan, October 12 - 16, 2009

Agenda Item: 7.5

Source: Fujitsu

Title: Different Types of DL CoMP Transmission for LTE-A
Document for:  Discussion

1. Introduction

In LTE-A technique report (TR) [1], downlink coordinated multi-point (CoMP) transmission can be
accomplished by dynamic coordination among multiple geographically separated transmission points,
including

e Coordinated scheduling and/or beamforming
v’ data to a single UE is instantaneously transmitted from one of the transmission points

v" scheduling decisions are coordinated to control e.g. the interference generated in a set of
coordinated cells.

e Joint processing/transmission

v data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to
(coherently or non-coherently) improve the received signal quality and/or cancel actively
interference for other UES

System performance for down-link CoMP has been investigated with coherent single user (SU)
transmission in [2][3], where both sector throughput and cell coverage can be improved under some
ideal simulation assumptions such as zero backhaul delay and perfect reception timing. In most
contributions, the discussions on CoMP focus on coherent transmission and pay much attention to the
cell coverage. Joint processing with coherent multi-user (MU) transmission and non-coherent
transmission, however, plays an important role in potentially improving sector throughput as well.
Similar to the concept of adaptation between transmit diversity and spatial multiplexing in MIMO
system, switching different types of transmission modes under different channel environments may aim
to improve the overall system performance.

In this contribution, we focus on the discussion of joint processing/transmission with SU and MU
targeting scenario. We categorize three types of CoMP transmissions with detailed formulation of
signal and interference-to-noise ratio (SINR).

2. CoOMP Transmission

Without loss of generality, we simply assume that a CoMP system contains two cooperative cells; one
denotes serving cell and the other denotes coordinated cell. Both cooperative cells serve certain number
of subordinate user equipments (UE), who are located in the cell edge, in general. The determination of
whether eNode-B belongs to serving cell or coordinated cell is based on the long-term power strength
received by each UE. Hence, the status of cells for each UE could be different dependent on UE



location corresponding to pathloss and shadowing. Furthermore, it is assumed that each cell consists of
M transmit antennas and each UE consists of N receive antennas.

The CoMP transmission with joint processing/transmission may be categorized into three types:

e Coherent transmission (type-0) serving either SU or MU, which is cooperated in code book,
control signal, and data signal. In this case, the same data with synchronized timing is
transmitted from coordinated cells to CoMP UE.

e Non-coherent transmission (type-1), which is cooperated in code book, control signal, and
data signal. In this case, the different data are transmitted from coordinated cells to CoMP UE.

¢ Non-coherent transmission (type-2), which is cooperated in code book and control signal. In
this case, the individual data is transmitted from individual cell to its subordinate UE

In our discussion, the data signal(s) is precoded with proper code book(s) at OFDM sub-carrier in
frequency domain, and identified by the index pair (k, I) in each sub-frame, where k is the index of
resource element in each OFDM symbol, and | is the index of OFDM symbol. Then, the precoded
signal is transmitted on M multiple antennas and received on N multiple antennas. The received signal
vector can be formulated as

r(k, 1) =T, (k, 1)U, -5, (k, 1) + T, (k, 1) U, - s,(k, D) + (K, 1) (eq - 1)

where r(k,l), T;(k,1), U;, s;(k,I)and#,(k,l) represent the received signal, channel matrix, precoding
vector, transmit signal, and additive white Gaussian noise (AWGN) vector, respectively. The size of
rik,1), T(k,1), U,,andn, (k1) are respectively Nx1, NxM, M x1,and N x1.

In this contribution, a linear minimum mean square error (MMSE) receiver is involved in efficiently
suppressing the interference. For simplicity, furthermore, our analysis is performed under the following
assumptions:

e Perfect receive timing without mismatching. We think that the timing mismatching due to
received timing difference can be compensated by adjusting a linear phase [4][5].

e The long term signal power from the cooperative cell site might be somehow lower than that
from the serving cell site. However, there is no power allocation performed between serving
cell and coordinated cell.

2.1. Baseline Transmission -- Non-CoMP

As a baseline, non-CoMP transmission scheme is considered, that each cell delivers the data with
individually selected codebook to its subordinate UE, and each UE simultaneously receives both the
desired data from its serving cell and the interference from the neighbor cell, as illustrated in Figure 1.
In this case, the UEO served by cell-0 is only able to estimate the channel of I;(k,l) but not I;(k,I).

According to I, (k,I), cell-O properly determines the code book U, whereby the precoded data s, is

transmitted to UEO. The UED, in turn, receives the desired data signal corrupted by the interference
from neighbor cell-1 and AWGN noise.
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Figure 1: Non-CoMP transmission.
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For this transmission mode, clearly, the equation (eq — 1) can be modified to
rik, 1) =T, (k,1)-U, - s, (k, 1) +7'(k, 1)

where n'(k,l) is the interference plus AWGN noise, given by
n'(k,1) =Tk, 1)-U,-s,(k,1)+n(k,1).

Relying on a well-known MMSE equalization at the receiver, the estimate of data signal becomes
S(k, 1) =W, (k,1)- T, (k,1)-Ug - s(k, 1) + W, (k, 1) - 7' (k, 1)

Here, W, (k,1) is the MMSE weight vector with the size of 1x N , given by

W, (k,1) =U N (k,I)-{FO (k,hu U TH (k,|)+i2R,,} ,

S

where &2 and R, are the transmit power of data symbol, and the noise covariance matrix, respectively
given by o2 = E[s(k,1)-s*(k,I)] and R, = E|y'(k,1)- 7" (k,1) -

The SINR y(k,I) received in resource element (k, I), therefore, can be simply derived as

a2 W, (k, 1) - Ty (k, 1) -Uy|*
W, (k, DR W, (k,1)

(k1) =

Behaviors:

e In this transmission mode, there is no cooperation performed between serving cell and
neighbor cells. Therefore, there are no signals including control and data shared between the
cells.

Pros:
e Simple backhaul design, and simple scheduling procedure.

Cons:



o Lower performance including sector throughput and cell coverage.

2.2. Coherent Transmission

Coherent transmission (denoted type-0) can be distinguished into two; one is related to single user (SU)
CoMP transmission, and the other is to multi-user (MU) CoMP transmission.

2.2.1. SU CoMP

As a CoMP joint processing/transmission [1], the coherent SU transmission is illustrated in Figure 2,
where both serving and coordinated cells simultaneously serve a single UEO and deliver the same data
with a universal code book. In this case, the UEO served by serving and coordinated cells is capable of
estimating both channels of I'y(k,l) and T (k,l). According to I;(k,l)and I’ (k,l), a code book U, is

universally determined, and the data s is transmitted from both serving and coordinated cells. In the
UE receiver, the UEOQ receives the precoded desired data which is only contaminated by AWGN noise.
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Figure 2: Coherent SU CoMP transmission.
For this CoMP transmission mode, the equation (eq — 1) can be modified to
r(k,1) =Ty, (k,1)-Ug, -s(k, 1) +7(k,1)
where the size of I, (k,I) and U, are respectively Nx2M and 2M x1. I';;(k,l) and U, are given
by
. (k1) =[Ok, 1) Tk, D],

U,
Uy = u, |

Relying on a well-known MMSE equalization at the receiver, the estimate of data signal becomes

and

8(K,1) =W, (K, 1) Ty, (K, 1)-Ug -5k 1) + W, (k. 1) -7k 1)

Here, W (k,l) is the MMSE weight vector with the size of 1x N, given by



1
1
W, (k,1) =U g (k1) - {Fo,l(k: DU, Ugloa(k D+ R}]} ,

where R, is the noise covariance matrix, given by R, = E[n(k,l)-nH (k,I)].

The SINR y(k,1) received in resource element (k, 1), therefore, can be simply derived as

O'sz 0’1(k,|)-1—‘0’1(k,|)‘U0’1
Wy, (kDR W (k.1)

‘2

(k1) =

Behaviors:

e The same data and control signals through backhaul channel (e.g., X2 interface) are shared
between serving and coordinated cells.

Pros:

e Significant macro-diversity gain and joint precoding gain.

e Good cell coverage and somewhat sector throughput improvement.
Cons:

e Itis complicated due to data and control signals sharing through backhaul channel. In addition,
it may require some timing different control (e.g., transmission phase shifting) to ensure the
coherent reception.

2.2.2. MU CoMP

As a CoMP joint processing/transmission [1], the coherent MU transmission is illustrated in Figure 3,
where both serving and coordinated cells simultaneously serve multiple UEO and UEL, and deliver the
data with two proper universal code book. In this case, the UEO and UEL served by serving and
coordinated cells are capable of estimating the channels of T ,(k,I) and T, ,(k,1), and T ,(k,I) and

I, (k,1), respectively. According to I, ,(k,1) and I ,(k,I), code book U, ,, is universally determined
whereby the data s, (k,I) is transmitted from both cells. Similarly, according to I ,(k,I) and I’ ,(k,I),
code book U, ., is universally determined whereby the data s, (k,I) is transmitted from both cells. Due

to the feedback limitation, the interference suppression between UEO and UE1 may be (or may not be)
taken into account. Namely, the decision on code books of U, ,, and U, ,, is jointly (or independently)

made by corresponding UE. In the UE receiver, therefore, the UEO and UEL receive the precoded
desired data which are contaminated by inter-user interference (between UEO and UE1) and AWGN
noise.
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Figure 3: Coherent MU CoMP transmission.
For this CoMP transmission mode, the equation (eq — 1) can be modified for the i-th UE reception that

FK) =T oa(Ki 1)U oy -So (K, D) + T 5, (K 1)Uy, -8, (K 1) +77(k, 1)

where the size of I}, (k,I) and U, ,, are respectively Nx2M and 2M x1, and for i=01. [} ,,(k,I)
and U, ,, are given by

Tou(k, 1) =[G (ki) Tk, 1],

Ui
Ui,o,l = {U i:(j-

Relying on a well-known MMSE equalization at the receiver, the estimate of data signal s,(k,I)
becomes

and

§ (K1) =W, o (K, 1)+ 01 (K1) - Uy S (K 1) + T g (K, 1) Uy g, -5, (K, 1) + (K, 1)

Here, W, o, (k,1) is the MMSE weight vector with the size of 1x N, given by

-1
1
Wi,O,l(k’ 1)=U iﬁo,lri%,l(h 1)- {Fi,o,l(k’ I)Uo,o,lu 0|-,|0,1Fi|,-(|J,l(k7 1)+ Lios (k, I)Ul,o,luli,-'o,lriﬁo,l(kv ) t—= Rn} ’

where R, is the noise covariance matrix, given by R, = E[n(k,l)-nH (k,l)].

The SINR y,(k,1) received in resource element (k,1), therefore, can be simply derived as

O'sz i,0,1(k!I)'Fi,o,l(k’l)'ui,o,l
> .
O, o (K1) T g (K, 1) Uy + Wi g, (K, DR WL (K, 1)

‘2

ik, 1) =



In consideration of interference suppression between UEs, the constraints of selecting the code books
for precoding and MMSE weight should satisfy

W0 (K, 1) T4 (K, 1)Uy gy % 0.
Behaviors:

e The same data and control signals through backhaul channel (e.g., X2 interface) are shared
between serving and coordinated cells.

Pros:
¢ Significant macro precoding gain.
e Good sector throughput and somewhat cell coverage improvement.
e Successive interference cancellation (SIC) is available.

Cons:

e It is complicated due to data and control signals sharing through backhaul channel and user
interference suppression. In addition, it may require some timing different control (e.g.,
transmission phase shifting) to ensure the coherent reception.

2.3. Non-Coherent Transmission (Type-1)

As a CoMP joint processing/transmission [1], the non-coherent transmission (denoted type-1) is
illustrated in Figure 4, where both serving and coordinated cells simultaneously serve a single UEO but
deliver different data with individual code book. In this case, the UEO served by serving and
coordinated cells is capable of estimating both channels of I;,(k,I) and I;(k,lI). According to

I,(k,I)and T;(k,1), the code books U, for serving cell and U, for coordinated cell are cooperatively
determined, whereby the procoded data s, is transmitted from serving cell and the procoded data s, is

from coordinated cell. In the UE receiver, the UEO receives the desired data which is contaminated by a
small amount of leaked interference due to limited available code books, and AWGN noise.
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Figure 4: Non-coherent CoMP transmission.



For this CoMP transmission mode, the formula of received signal is similar to the equation (eq — 1). In
addition, relying on a well-known MMSE equalization at the receiver, the estimate of data signal for
the i-th data packet s, can be formulated as

8 (k1) =W, (k, ) -4, (k,1)-Uy -5k, 1)+ Ty (k1) U, -5, (k1) + (K, D}

Here, W, (k,l) is the MMSE weight vector with the size of 1x N for i =0,1, given by

W, (k,I)=U"T" (k,l).{r0 (k, NUUIT (kD) +T; (k,DU,URTY (k,|)+i2R,7} .

S

The SINR y;(k,I) for the i-th data packet s; is given by

(1) = oI W, (k1) Ty (k. 1)U, [
ST G2 (1) T (k1) U W (K DR W (K, 1)

In this case, the constraints of selecting the code books for precoding and MMSE weight should satisfy
[\No(k, -k, 1) -U1| ~ [\Nl(k, 1)- ok, 1) -Uo| ~0.
Behaviors:

e The different data and control signals through backhaul channel (X2 interface) are shared
between serving and coordinated cells.

Pros:

¢ Significant macro precoding gain.

e Good sector throughput and somewhat cell coverage improvement.

e Successive interference cancellation (SIC) is available.

e It does not need some timing difference adjustment, i.e., transmission phase shifting.
Cons:

e Itis complicated due to data and control signals sharing through backhaul channel.

2.4. Non-Coherent Transmission (Type-2)

As a CoMP joint processing/transmission [1], the non-coherent transmission (denoted type-2) is
illustrated in Figure 5, where both serving and coordinated cells serve different UEs and deliver
different data with cooperative code books. In this case, the UEQO served by serving cell is capable of
estimating both channels of I'y(k,l) and I;(k,l), whereas the UE2 served by coordinated cell is only

able to estimate the channel of I,(k,l). According to I',(k,l)and I;(k,l), the code books U, for
serving cell and U, for coordinated cell are cooperatively determined. In turn, the data s, precoded

8



with U, is transmitted from serving to UEO while the data s, precoded with U, is transmitted from

coordinated cell to UE2. In the UE receiver, the UEO receives the desired data which is contaminated
by a small amount of leaked interference due to limited available code books, and AWGN noise.

In the coordinated cell, relying on the restricted code book U, which is determined and forwarded by
the serving cell, the scheduler selects the best active UE who properly matches the code book U, for
transmission. Although the restricted code-book U, is not the best candidate, we believe that the

precoding implemented for the selected UE in consideration of the code-book restriction should be still
able to achieve the high throughput among the UEs.
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Figure 5: Non-coherent CoMP transmission.

For this CoOMP transmission mode, the equation (eq — 1) can be modified to
8 (K, 1) =W, (k, 1) -{T, (k, 1) -U, - sy (k, 1) + T (K, 1) Uy - s, (K, 1) + 7k, D]

Here, W, (k,1) is the MMSE weight vector with the size of 1x N , given by

W, (k,1) =UHT (k,I)-{FO (K, DU UITH (K, 1)+ T3 (k,HUUSTH (k,I)+i2Rn}_ .

S

The SINR y,(k,1) received in resource element (k, I) are represented as

B a2 W, (K, 1) - Ty (k, 1) -Uy|*
- af[vvo(k,l)-l“l(k, I)-U1|2 +W0(k,I)R,7W0H (k,1) '

7o(k,1)

In this case, the constraint of selecting the precode book and MMSE weight should satisfy
[\No(k, -k, 1) -U1| ~0.
Behaviors:

e Only control signal through backhaul channel (X2 interface) is shared between serving and
coordinated cells.

Pros:



e Achievable precoding gain.

e Good sector throughput.

e Itis comparably simple due to the limited backhaul burden
Cons:

e No cell coverage improvement.

3. Conclusions

In this contribution, we have discussed CoMP transmission using joint processing/transmission
mechanism. Three types of COMP transmission modes have been categorized with detailed derivation
in terms of SINR. It is suggested that at this stage, the different types of CoMP transmission modes
should be further studied in order to realize proper transmissions and improve both sector throughput
and cell coverage under different channel environments.
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