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Introduction
At RAN #58, it has been concluded that this WI is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]. Additionally, the following items ought to be discussed and agreed during the future RAN1 meetings, including:

· Agree on the deployment scenarios for TDD UL-DL reconfigurations
· Aim to support the scenarios that contain at least pico or femto cells from the study item,
· Identify and agree on other scenarios (if any) to be supported; 
· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.
· HARQ/scheduling timeline, 
· RLM/RRM measurements, 
· CSI reporting;
· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.
· E-UTRAN/UE measurements, backhaul coordination, and signaling,
· Power control;
· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;
· Specify applicable eNB and UE core requirements.
In this effort, we present and discuss one effective reconfiguration method for traffic adaptation and interference management. More specifically, in our developed method, the UL-DL configurations are no longer determined with respect to individual cell (cell-specific reconfiguration), but are chosen in form of the cluster-specific configuration patterns (CPs) for interference avoidance and asymmetric traffic adaptation. The proposed reconfiguration approach aims at avoiding “unnecessary” crossed subframes and keeping “necessary” ones. If required, other interference mitigation (IM) schemes can be built on top of our proposed reconfiguration framework to further improve the system performance. The deployment scenario discussed in this document focuses on co-channel deployed outdoor pico-cells where the Macro-eNB is not activated.
Cluster-specific Corporative Dynamic UL-DL Reconfiguration

2.1   Cell clustering



Fig. 1 An example of MCL-based cell clustering scheme

As indicated above, in this effort, we formulate the dynamic reconfiguration process as the corporative control that operates on disjoint cell clusters. The cell clusters serve as the minimum coordination sets and ought to be isolated from each other in order to avoid the inter-cluster interference. Though exact metrics used to form the cell clusters can vary, they should at least reflect the propagation property between the pico-cells. Here, the mutual coupling loss (MCL) between pico-cells is employed as the metric in performing the cell clustering. This is not only because the MCL can better characterize the loss in signal between pico-cells, but also it can be easily measured by individual pico-cell. The pico-cells with smaller MCL than the predetermined threshold are categorized into the same cluster with constraint on the maximum number of cells within one cluster. Transmission directions in cells belonging to either the same cluster or different clusters are allowed to be different in a subframe. However, the determination of appropriate UL-DL allocations should satisfy our predefined optimization objectives. It is worth noting here that the cell clustering can be conducted either in a semi-static manner or a dynamic manner. As the MCL mainly characterizes the large-scale propagation parameters between pico-cells, the semi-static clustering would suffice.

2.2   Cluster-specific Corporative Dynamic UL-DL Reconfiguration

[image: ]
                
Fig.2 An example of two-cell scenario

To better demonstrate our proposed cluster-specific corporative reconfiguration approach, we first introduce the concept of subframe pattern (SP) using the following example. We assume that the cluster of interest contains two cells with two possible transmission directions, i.e., the DL and UL subframes (Here, a special subframe is approximated as a DL subframe). Hence, there are a total of four SPs capturing all possible combinations of transmission directions of a two-cell scenario (shown in Table I). Necessary system statistics information could be collected with respect to each SP. The time interval (TI) of collecting such information starts from the last time's cell clustering and ends at this time's reconfiguration. This would ensure that the system information is collected under the same interference scenario from the perspective of SP.

In this part, our first objective is to maximize the overall system throughput from the perspective of cell cluster. To start with, we calculate the SP-specific statistical data volume as


                (1)







assuming the two-cell scenario in Fig. 2; here i is the index of SP (i=0,1,2,3);  and  are the average DL and UL subframe data volumes of pico-cell a with respect to SPi, calculated by averaging all the SPi related DL and UL subframe data volumes transmitted/received over the corresponding TI, respectively;  and  are similarly defined and obtained for pico-cell b;  and  are two binary random variables with respect to SPi, defined as



                                 (2)

Table I: Subframe pattern (SP) and the associated statistical data volume information
 of a two-cell scenario

	Pico-cell a
	Pico-cell b
	SP index
	Statistical data volume information

	D (S)
	D (S)
	0
	


	D (S)
	U
	1
	


	U
	D (S)
	2
	


	U
	U
	3
	




Actually, we build up a look-up table that stores and updates the statistical data volume information corresponding to each SP of all clusters (shown in Table I). Next, we will introduce how to utilize the collected SP-specific system statistics information to select appropriate configurations for the cluster of interest.

As indicated before, our proposed reconfiguration approach is conducted on the basis of cell cluster such that the UL-DL configurations are no longer determined with respect to individual cell, but are chosen in form of the cluster-specific CPs. Here in this effort, configurations that are employed by the cluster of interest form the CPs (in Fig. 2, configuration 5 and 6 from a CP, denoted as CP(5,6)). Clearly, for a two-cell scenario with seven possible UL-DL configurations, the total number of candidate CPs is 49. Each candidate CP can be interpreted by a combination of SPs. For example, for CP(5,6) in Fig. 2, we have CP(5,6)}{SP0, SP0, SP3, SP2, SP2, SP0, SP0, SP2, SP2, SP0} with five SP0's, four SP2's and one SP3. Therefore, if CP(5,6) is employed for transmission/reception in the next Xms, the corresponding overall system throughput can be estimated/predicted as


                     (3)



by using the SP-specific statistical data volume information (,and  in this example) stored and updated in the look-up table. Here, T is the time interval of one radio frame. Hence, for each candidate CP, we can estimate/predict the corresponding overall system throughput for a period of Xms. The candidate CP that has the maximum overall system throughput over a period of Xms would be selected for reconfiguration. This process can be formulated as


                   (4)




where  and  are the indices of the chosen UL-DL configurations for pico-cell a and b, respectively. However, the network with maximized overall system throughput may not necessarily be adaptive to the asymmetric DL and UL traffic demands. Hence,  needs to be properly weighted accounting for this asymmetry. Again, taking the two-cell scenario shown in Fig. 2 as the example to illustrate, we have


                    (5)

                    (6)
and


                                                    (7)





Here,  and  represents the amount of buffered UL and DL data in pico-cell a, respectively;  and  denote the number of packets in pico-cell b’s DL and UL buffers, respectively. (5) and (6) characterize the differences in traffic demands between pico-cell a and b for DL and UL, respectively. (7) captures the asymmetry of the DL and UL traffic requirements within each cell. Therefore, (1) can be correspondingly modified as


      (8)


In fact, (8) first differentiates the traffic demands between pico-cell a and b in both DL and UL directions. With respect to individual cell, by weighting the average DL and UL subframe data volume with corresponding buffer status, favoured UL-DL resource allocations would be determined. After all, the modified  is applied in calculating (3) and (4), obtaining promising CPs for reconfiguration. So far, we have illustrated our proposed cluster-specific corporative dynamic DL/UL reconfiguration method assuming a two-cell scenario. We note that (1)-(8) can be generalized to the scenario that more than two cells are included in the same cluster. In addition, in our proposed scheme, the time-scale for the cell clustering is much larger than that for reconfiguration. This would ensure that the calculations of (3) and (4) could be carried out under the same interference scenario. Furthermore, in order to reduce the computational burden of calculating (4), low-complexity algorithms, such as the trellis exploration algorithm presented in [2] can be employed to find the sub-optimal CPs by limiting the search space of candidate CPs.

In summary, by employing appropriate performance metrics (e.g., (8) in this paper), the developed reconfiguration approach reduces the number of “unnecessary” crossed subframes. This in turn, reduces the occurrence of severe UE-UE and Pico-Pico interference. On the other hand, the system would still benefit from “necessary” crossed subframes for asymmetric traffic adaptation. Additionally, it is worth noting here that under certain circumstance, our proposed reconfiguration may result in the case that the DL and UL transmissions are synchronized within the cell cluster.

2.3   Associated signalling support, measurements and backhaul coordination




Fig. 3 Aperiodic CQIs/SRSs measurements

In order to facilitate our proposed reconfiguration framework, the aperiodic CQIs/SRSs measurements ought to be triggered. As can be seen in Fig. 3 (associated with the example shown in Fig. 2), the CQIs/SRSs are measured and applied with respect to each SP as different SPs correspond to different interference conditions. By doing so, the resolution of the CQIs/SRSs measurements can be enhanced which in turn, to a great extent ensures the accuracy of the corresponding SINRs used in calculating (1)-(8) at each subframe. Clearly, different CPs result in different combinations of SPs. Therefore, the aperiodic CQIs/SRSs measurements vary from cluster to cluster depending on the employed CPs. Anyhow, the periodicity of measuring the CQIs and SRSs with respect to the same SP ought to be 5ms at minimum, with at least 6ms and 7ms delay of actual usage, respectively.

Additionally, in order to determine and optimize the CPs on the basis of cell cluster, all pico-cells within the same cluster ought to be aware of each other’s SP-specific system statistics information regarding the previously employed configurations. Furthermore, after reconfiguration, all pico-cells of interest should know the employed CPs in order to facilitate the aperiodic CQIs/SRSs measurements.

Simulations and analysis




Detailed simulation assumptions and system parameters are listed in Table II, strictly following 3GPP discussions [3]. In our simulations, the DL and UL transmissions are evaluated simultaneously in an integrated simulator. Additionally, file transfer protocol (FTP) traffic model 1 defined in 3GPP TR 36.814 [4] is applied with fixed file size of 0.5 Mbytes. If we denote the DL packet arrival rate as, the UL packet arrival rate  can be calculated according to the ratio of the DL/UL packet arrival rate. A packet is randomly assigned to a UE with equal probability. Moreover, the traffic patterns are independently modelled for both DL and UL directions per UE in different cells. For the cell clustering, the MCL threshold is set to be -70 dB, which actually is the minimum coupling loss defined in related 3GPP specifications [5]. The maximum number of cells within the same cluster is restricted as three. By doing so, (i) the computational complexity and overhead of the proposed reconfiguration framework are scalable; and (ii) sufficient corporation/coordination gains can be achieved.

In Figs. 4 and 5, the cumulative density functions (CDFs) of DL and UL geometry SINRs are provided respectively for various reconfiguration methodologies. Three cases are considered as benchmarks for comparison, they are (i) all pico-cells operate synchronously in the DL or UL direction using configuration 1; (ii) all pico-cells freely adjust their UL-DL configurations according to their traffic demands, i.e., cell-specific reconfiguration; and (iii) cluster-specific reconfiguration suggested in [3] with all pico-cells within the same cluster operating synchronously in the DL or UL direction. From the simulation results, it is observed that the DL SINRs improve from no reconfiguration to the cell-specific reconfiguration. On the other hand, the UL SINRs are significantly degraded due to the Pico-Pico interference. By conducting our developed corporative reconfiguration method, significant improvements in both DL and UL SINRs could be achieved. 
[image: ]

Fig. 4 Downlink geometry SINR

[image: ]

Fig. 5 Uplink geometry SINR



Cell-average packet throughput performances are evaluated in Figs. 6 and 7 for DL and UL, respectively. Here, the packet throughput is defined as the packet size over the packet transmission time, including the packet waiting time in the buffer. From the evaluation results, it can be concluded that our proposed reconfiguration framework provides substantial throughput gains over baseline scenarios in both DL and UL directions. In addition, these gains are especially remarkable at low and medium traffic loads. For instance, in UL, by employing our developed cluster-specific reconfiguration scheme, more than 35% throughput gains can be observed in contrast to no reconfiguration at. At relatively high traffic load, e.g.,, by comparing our proposed reconfiguration framework with the cell-specific reconfiguration, more than 60% UL packet throughput gains could be achieved.

[image: ]

Fig. 6 Downlink packet throughput (cell-average)

[image: ]

Fig. 7 Uplink packet throughput (cell-average)
Conclusion
In this paper, we present a cluster-specific corporative dynamic UL-DL reconfiguration method. The associated signalling support, necessary measurements and backhaul coordination are discussed as well. Specifically, the reconfiguration process is formulated as the corporative control that operates on cell clusters. Instead of freely adjusting individual cell's UL-DL configurations, the cluster-specific CPs that maximize the overall system throughput and adapt to the asymmetric traffic demands are selected. The followings are our observations:

Observation 1: Cell clustering is applied for cluster-specific interference avoidance/mitigation and traffic adaptation with reduced inter-cluster interference.

Observation 2: Cluster-specific corporative reconfiguration is applied for interference management and asymmetric traffic adaptation.

Observation 3: Aperiodic SINRs measurement is enabled to characterize different interference scenarios regarding both DL and UL directions.  
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Appendix 
Table II: Simulation assumptions and parameters

	Parameters
	Assumptions used for simulation

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Inter-site distance
	500m

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout (note that macro cells are deployed but not activated)

	Outdoor Pico deployment
	40m radius, random deployment

	Number of Pico cells per sector
	4

	Minimum distance between Pico cells
	40m

	Minimum distance between UE and Pico
	10m

	Outdoor Pico antenna pattern
	2D, Omni-directional

	Outdoor Pico antenna gain
	5dBi

	UE antenna gain
	0dBi

	Outdoor Pico noise figure
	13dB

	UE noise figure
	9dB

	Outdoor Pico max transmission power
	24dBm

	UE power class
	23dBm (200mW)

	Number of UEs per Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	User distribution
	Cluster, Photspot = 2/3

	Shadowing standard deviation between outdoor Pico cells
	6dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	PL of outdoor Pico to outdoor Pico
	LOS: if R<2/3 km, PLLOS(R)=98.4+20log10(R)
Else, PLLOS(R)=101.9+40log10(R)  For 2GHz, R in km
NLOS:
Case 1: PLNLOS(R)=169.36+40log10(R), R in km.
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	PL of outdoor Pico to UE
	PLLOS(R)=103.8+20.9log10(R)
PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km
Case 1:
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	PL of UE to UE
	If R<=50m, PL(R)=98.45+20log10(R), R in km
Else, PL(R)=55.78+40log10(R)  For 2GHz, R in m

	Scheduler
	Single-user: FIFO   multi-user: PF in both time and frequency

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Special subframe configuration #8

	Receiver type
	MMSE

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LoS and 4dB for NLoS

	HARQ retransmission scheme
	IR

	Reference UL-DL configuration
	#1

	Time-scale for reconfiguration
	10ms

	Time-scale for clustering
	1000ms

	Channel estimation
	Ideal

	Synchronization
	Ideal

	UL-DL modulation order
	QPSK, 16QAM, 64QAM



oleObject1.bin

image4.wmf
D

i

a

C

,


oleObject2.bin

image5.wmf
U

i

a

C

,


oleObject3.bin

image6.wmf
D

i

b

C

,


oleObject4.bin

image7.wmf
U

i

b

C

,


oleObject5.bin

image8.wmf
i

a


oleObject6.bin

image9.wmf
i

b


oleObject7.bin

image10.wmf
î

í

ì

=

a

 

picocell

in 

 

subframe

 

 UL

if

 

0;

a

 

picocell

in 

 

subframe

 

DL

 

if

;

1

i

a


oleObject8.bin

image11.wmf
î

í

ì

=

b

 

picocell

in 

 

subframe

 

 UL

if

 

0;

b

 

picocell

in 

 

subframe

 

DL

 

if

;

1

i

b


oleObject9.bin

image12.wmf
0

m


oleObject10.bin

image13.wmf
1

m


oleObject11.bin

image14.wmf
2

m


oleObject12.bin

image15.wmf
3

m


oleObject13.bin

image16.wmf
)

4

5

(

1

3

2

0

)

6

,

5

(

m

m

m

+

+

=

T

C

CP

est


oleObject14.bin

image17.wmf
0

m


oleObject15.bin

image18.wmf
2

m


oleObject16.bin

image19.wmf
3

m


oleObject17.bin

image20.wmf
)

,

(

}

6

,

,

1

,

0

{

,

max

arg

)

,

(

y

x

y

x

l

l

CP

est

l

l

b

a

C

l

l

CP

L

Î

=


oleObject18.bin

image21.wmf
a

l


oleObject19.bin

image22.wmf
b

l


oleObject20.bin

image23.wmf
i

m


oleObject21.bin

image24.wmf
D

b

D

a

D

b

D

b

D

b

D

a

D

a

D

a

B

B

B

B

B

B

+

=

+

=

n

n

,


oleObject22.bin

image25.wmf
U

b

U

a

U

b

U

b

U

b

U

a

U

a

U

a

B

B

B

B

B

B

+

=

+

=

n

n

,


oleObject23.bin

image26.wmf
D

b

U

b

U

b

D

a

U

a

U

a

B

B

B

B

=

=

k

k

,


oleObject24.bin

image27.wmf
U

a

B


oleObject25.bin

image28.wmf
D

a

B


oleObject26.bin

image29.wmf
U

b

B


oleObject27.bin

image30.wmf
D

b

B


oleObject28.bin

image31.wmf
U

i

b

i

U

b

U

b

D

b

D

i

b

i

D

b

U

i

a

i

U

a

U

a

D

a

D

i

a

i

D

a

i

C

C

C

C

,

,

,

,

)

1

(

)

1

(

b

n

k

n

b

n

a

n

k

n

a

n

m

-

+

+

-

+

=


oleObject29.bin

oleObject30.bin

image32.emf
CQI measurement in pico-cell aregarding SP

0

CQI measurement in pico-cell b regarding SP

0

SRS measurement in pico-cell aregarding SP

3

SRS measurement in pico-cell bregarding SP

3

CQI measurement in pico-cell aregarding SP

2

SRS measurement in pico-cell bregarding SP

2

D

S U D D D D D D D

S U D D U

U

S U U D


oleObject31.bin
CQI measurement in pico-cell a regarding SP0


CQI measurement in pico-cell b regarding SP0


SRS measurement in pico-cell a regarding SP3


SRS measurement in pico-cell b regarding SP3


CQI measurement in pico-cell a regarding SP2


SRS measurement in pico-cell b regarding SP2



image1.emf

image33.wmf
DL

l


oleObject32.bin

image34.wmf
UL

l


oleObject33.bin

image35.wmf
d


oleObject34.bin

image36.emf
-10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry SINR in dB

Cumulative Density Function (CDF)



DL

=1, 



=



DL

/



UL

=2

 

 

Reference config. 1

Proposed cluster-specific reconfig.

Reference cluster-specific reconfig.

Cell-specific reconfig.


image37.emf
-50 -40 -30 -20 -10 0 10 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry SINR in dB

Cumulative Density Function (CDF)



DL

=1, 



=



DL

/



UL

=2

 

 

Reference config. 1

Cell-specific reconfig.

Proposed cluster-specific reconfig.

Reference cluster-specific reconfig.


image38.wmf
5

.

0

=

DL

l


oleObject35.bin

image2.png
Pico-Pico interference
o -
-

N

)
@

Pico-cella

UE-UE interference -

configuration 6
configuration 5

CP(5,6)
Pico-cell b configuration 6

SPo SPo SPs SP2 P2 SPo SPo SP2 SP2 SPo




image39.wmf
3

=

DL

l


oleObject36.bin

image40.emf
0 0.5 1 1.5 2 2.5 3 3.5 4

0

5

10

15

20

25

30

35



DL

DL Packet Throughput (Mbps)



=



DL

/



UL

=2

 

 

Reference config. 1

Cell-specific reconfig.

Reference cluster-specific reconfig.

Proposed cluster-specific reconfig.


image41.emf
0 0.5 1 1.5 2 2.5 3 3.5 4

2

4

6

8

10

12

14

16

18



DL

UL Packet Throughput (Mbps)



=



DL

/



UL

=2

 

 

Cell-specific reconfig.

Reference config. 1

Reference cluster-specific reconfig.

Proposed cluster-specific reconfig.


image3.wmf
U

i

b

i

D

i

b

i

U

i

a

i

D

i

a

i

i

C

C

C

C

,

,

,

,

)

1

(

)

1

(

b

b

a

a

m

-

+

+

-

+

=


