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Multicell MIMO Trigger Mechanism 


Luciano Sarperi, Hui Xiao
Fujitsu

Introduction

In the following, three different multicell MIMO trigger metrics are compared in terms of the resulting long-term wideband SIR at the AMS. In the amendment draft IEEE P802.16m/D2 [1], the trigger mechanism for the AMS to send the AAI_MULTI_BS_MIMO-REQ control message is based on Normalized Interference Power (NIP) only.

Simulation Assumptions

Three different trigger metrics were tested based on RSSI values obtained from an SLS with the settings shown in Table 1. Measurements were only collected from the centre cell.

Table 1 Simulation Settings
	Parameter
	Value

	Site Layout
	19 cells with 3 sectors per cell, hexagonal grid with wrap-around

	Site-to-Site distance
	500m (Radius = 288m)

	Carrier Frequency
	2.0GHz

	Operating bandwidth
	10MHz

	Path-loss model
	L=128.1+ 37.6 log10(R); R in km

	Shadowing Distribution
	Lognormal

	Shadowing Standard deviation
	8dB

	Correlation distance of shadowing
	50m

	Shadowing correlation
	Between sectors of different cells: 0.5

Between sectors of the same cell: 1.0

	BS Antenna Patter
	Horizontal Antenna beamwidth: 70 degrees

Maximum attenuation: 20dB

	User Location
	Uniformly dropped in entire cell

	Minimum distance MS to BS
	35m

	BS transmit power
	46dBm

	Penetration Loss
	20dB

	BS antenna gain
	14dBi

	Number of BS antenna per sector
	1 for Tx

	MS Antennas
	1 for RX (7dB noise figure)

	Channel Model
	Typical Urban (TU)

	User Speed
	3km/h

	Users per sector
	120 users


In the following, the three different trigger metrics for requesting multicell MIMO are described. First, we assume that the RSSIs from N neighbouring ABSs are sorted in descending order P0 ≥ P1 ≥ … ≥ PN-1,where P0 corresponds to the serving ABS, P1 …PN-1 correspond to the interfering (potentially coordinated) ABSs and σ2 is the thermal noise variance. The following trigger metrics were investigated:


NIP Trigger Metric 
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CINR Trigger Metric
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NIP + CINR Trigger Metric
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With the NIP trigger metric, it is assumed that when the NIP is above the threshold 
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 multicell MIMO is employed. With the CINR trigger metric, it is assumed that when the CINR is below the threshold 
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 multicell MIMO is employed. Finally, with the NIP + CINR trigger metric it is assumed that when CINR is below the threshold 
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 and NIP is above the threshold 
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 multicell MIMO is employed.

For each trigger metric the resulting wideband long-term SIR CDF for all AMSs was obtained by assuming a simplified model for single BS precoding with Multi-BS MIMO coordination, whereby the SIR for each AMS is calculated assuming that the received power of the strongest interfering ABS is set to zero whenever the multicell MIMO trigger condition is met (i.e. the ABS always follows the AMSs request on multicell MIMO)

In order to obtain a fair comparison, the trigger thresholds were selected such that for all three trigger metrics on average 20% of AMSs select multicell MIMO operation. This results in a similar “cost” to the network for all trigger metrics. 
Results and Conclusions

Figure 1 shows the resulting wideband long-term SIR CDF at the AMS while Figure 2 shows the number of cells selected vs. the single-cell SIR. 
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Figure 1 Wideband long-term SIR CDF at AMS for single BS precoding with Multi-BS MIMO coordination
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Figure 2 Number of cells selected vs single-cell wideband long-term SIR at AMS (1 = Single-Cell selected, 2 = Multicell selected)
The following conclusions can be drawn:
· Using NIP alone results in a large number of multicell MIMO request messages from AMSs with high SINR. Although at the ABS the CINR can additionally be considered to reach a final decision, these requests from high-SIR AMSs cause unnecessary feedback overhead. Additionally, low-SIR AMSs are unlikely to request multicell MIMO unless the threshold TN is set to a very low value, in which case still many high-SIR AMSs request multicell MIMO.

· When using CINR only, the majority of multicell MIMO requests are generated from low-SIR AMSs, producing a significant SIR gain for low-SIR AMSs. 

· When using CINR + NIP, the multicell MIMO requests from high-SIR AMSs are avoided. AMSs with very low SIR are less likely to request multicell MIMO and therefore obtain slightly lower SIR gains compared to using CINR only. However, with CINR + NIP a higher average SIR is obtained compared to CINR only.
Note that a similar behaviour was observed for multi-BS joint MIMO processing.

In summary, it is recommended to use CINR + NIP at the AMS to trigger the multicell MIMO request. 

Proposed modification to the 802.16 Amendment Draft (IEEE P802.16m/D2)
Black text: existing text
Red Strikethrough text: deleted text

Blue text: new text
## Proposed Text 1 ##
------------------------------------------------------  Text 1 Start  --------------------------------------------------------------- 
15.5.1.34 Multi-BS MIMO trigger mechanism

ABS broadcasts normalized interference power (NIP) thresholds for 2 types of multi-BS MIMO schemes and one common CINR threshold . The NIP is defined as ratio of average interference power (with or without transmitter precoder) from one dominant interference BS to the total interference power received by AMS. The AMS may accordingly request the preferred multi-BS MIMO scheme. The operation procedure of the multi-BS MIMO trigger follows the steps below.

1)  AMS in normal process of Single-Cell CL MIMO feeds back information for CL MIMO operation.
2)  ABS selects a NIP threshold NIP_th_1 for single-BS precoding with multi-BS coordination, and a threshold NIP_th_2 for multi-BS joint MIMO processing and a common CINR_th based on network measurements. Then the ABS broadcasts the NIP thresholds NIP_th_1, and NIP_th_2 and CINR_th in AAI_DL_IM messagean Additional Broadcast Information (ABI).
3)  AMS computes its average NIP and checks the trigger conditions. If NIP ≥ NIP_th_1 and NIP <NIP_th_2 and CINR < CINR_th, AMS may request operation with single-BS precoding with multi-BS coordination using the AAI_MULTI_BS_MIMO-REQ message.

ea) AMS feedback its event-driven request to operate single-BS precoding with multi-BS coordination to its serving BS through AAI_MULTI_BS_MIMO-REQMAC management message which includes a 2bit NIP difference measurement with respect to NIP_th_1

fb) Once an AMS receives a Feedback Polling A-MAP IEFeedback_Polling_IE, the procedure outlined in 15.3.14.3.2.115.5.1.2.1 will be followed
4)  If NIP ≥ NIP_th_2 and CINR < CINR_th, AMS may request operation with multi-BS joint MIMO processing using the AAI_MULTI_BS_MIMO-REQ message. 

a) AMS feedback its event-driven request to operate with multi-BS joint MIMO processing to its serving BS through AAI_MULTI_BS_MIMO-REQMAC management message which includes a 2bit NIP difference measurement with respect to NIP_th_2

b) Once an AMS receives a Feedback Polling A-MAP IEFeedback_Polling_IE, the procedure outlined in 15.3.14.3.3.115.5.1.3.1 will be followed. 
------------------------------------------------------  Text 1 End  --------------------------------------------------------------- 
## Proposed Text 2 ##
<< Add one row at the end of Table 918 section 15.5.1.1 >>
------------------------------------------------------  Text 2 Start  --------------------------------------------------------------- 
Table 918—Control parameters for DL Multi-BS MIMO supported by codebook based feed​back

	Parameter
	Description
	Value
	Contol channel (IE)
	Notes

	…
	…
	…
	…
	…

	CINR_th
	CINR threshold for Single BS precoding with Multi-BS Coordination and Multi-BS Joint MIMO Processing trigger 
	[2-4 bits]
	AAI_DL_IM
	Used together with NIP_th_1 or NIP_th_2 for requesting Multi-BS MIMO by the AMS


------------------------------------------------------  Text 2 End  --------------------------------------------------------------- 
## Proposed Text 3 ##
<< Add one parameter to AAI_DL_IM Message in section 15.2.3.30 >>
------------------------------------------------------  Text 3 Start  --------------------------------------------------------------- 
15.2.3.30 AAI_DL_IM Message

An AAI_DL_IM broadcast DL FFR partition resource metric, BC_SI, NIP_thresholds, CINR threshold and power level for each frequency partition.

-- ASN1START

AAI_DL_IM Message ::= SEQUENCE {


FFR partition resource metric :: = SEQUENCE {



Resource_Metric_FP2
INTEGER (TBD) OPTIONAL



Resource_Metric_FP3
INTEGER (TBD) OPTIONAL


}


BC_SI



INTEGER (0..15) OPTIONAL


NIP_th_1


INTEGER (TBD) OPTIONAL


NIP_th_2


INTEGER (TBD) OPTIONAL

CINR_th


INTEGER (TBD) OPTIONAL


FP1_power


INTEGER (TBD) OPTIONAL


FP2_power


INTEGER (TBD) OPTIONAL


FP3_power


INTEGER (TBD) OPTIONAL

}

-- ASN1STOP

------------------------------------------------------  Text 3 End  --------------------------------------------------------------- 
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