
Chicago, USA, 15th – 19th April 2013
Source: 
ZTE

Title:          
OI enhancement in multi-cell scenario
Agenda Item:
7.2.3.1
Document for:
Discussion and Decision

1. Introduction

One of interference mitigation (IM) methods presently considered in RAN1 is based on legacy schemes, such as eICIC/FeICIC, CoMP and MBSFN. Inside eICIC/FeICIC schemes, some kinds of X2-interface messages, e.g. RNTP, OI and HII, are employed to inform neighbouring eNB of the possible interference within frequency domain.  With dynamic TDD D/U reconfiguration to be introduced, interference characteristics would be different from that in the legacy TDD system. Accordingly the corresponding IM method should be revised.
This contribution analyses the issues with OI-based IM solution when dynamic D/U reconfiguration is applied in TDD, and describe possible OI enhancements in multi-cell scenario.
2. Issues with legacy OI method
For LTE Rel-10, only UE-to-eNB inter-cell interference exists on uplink. The interfered eNB sends OI message to other eNBs through X2 interface to indicate the interference level per PRB. Once having received OI, the neighbouring eNB checks if its scheduled uplink transmission caused certain PRB to be highly interfered, and if yes, adopts proper IM method such as lowering cell-edge UEs’ transmission power or rescheduling UL transmission away from the interfered PRB and etc. 
When TDD D/U configuration is dynamically changed per cell in multi-cell scenario, uplink reception may also suffer eNB-to-eNB interference besides the UE-to-eNB interference. As shown in Figure1, interfered pico1 sends OI messages to the macro, pico2 and pico3, which decide, upon reception of OI, whether their scheduled downlink/uplink transmissions coincide with highly interfered PRB in pico1. This procedure can run into certain problems in TDD eIMTA.  For example,
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Figure 1 Macro-pico multi-cell interference scenario 
·  Problem-1: With both eNB-to-eNB interference and UE-to-eNB interference mixed together on a per-subframe basis, the change of overall interference level from one subframe to another can be more significant and occur more often than in legacy system for which the current OI mechanism is designed for. One statistic OI value across all uplink subframes within OI reporting time window cannot capture the variation of interference and therefore cannot tell eNB when the severe interference is actually observed at interfered eNB.  

·  Problem-2: As shown in Figure 1, the interference at pico1 eNB in subframe #3 and subframe #8 may come from either UL transmission in pico2/pico3, or DL transmission in macro, or both. When macro/pico2/pico3 receives legacy OI, it does not know whether the interference is indeed caused by DL transmission or UL transmission, and consequently may take unnecessary reaction that results in resource waste. 
Note that, because it is the coexistence of UE-to-eNB interference and eNB-to-eNB interference in the same subframe that makes the interference changing significantly on a subframe basis, both above problems point to the same consequence: the eNB cannot tell, upon reception of OI, whether the adjustment it made on downlink or uplink scheduling on the corresponding RBs can be essential in reduction of the reported interference.  
3. Enhancements to legacy OI method
The analysis in section 2 shows that, in order for interfering eNB to perform better interference control in presence of both UE-to-eNB interference and eNB-to-eNB interference, certain additional information should be provided along with the legacy OI content. Some examples of such additional information are: 

· Example-1: The information making the OI to reflect the interference not only per-PRB but also per-subframe [1][2][3]. 
· Example-2: The information making the OI to reflect interferences individually caused by downlink transmission and uplink transmission. 
With the OI enhancement in example-1, the interfered eNB does not distinguish whether the interference is caused by downlink transmission or uplink transmission, because the OI sent from the interfered eNB does not support so. Then the eNB receiving the OI from interfered eNB has two ways in the follow-up processing:
·  
In one way, it does not distinguish either whether the received OI is caused by downlink transmission or uplink transmission, then the problem-2 described in section 2 still applies. 
·   
In another way, the reception eNB tries to judge whether the received OI is mainly caused by downlink or uplink transmission, based on the assistant information exchanged from other eNBs such as the history of TDD UL-DL allocation reconfigurations. However, with less information available, such judgement made at eNB receiving the OI has no way to be as accurate as made at interfered eNB itself. 

Observation: It is beneficial to let interfered eNB judge whether the interference is mainly caused by downlink transmission or uplink transmission, and convey such judgement together with OI report to other eNBs.  
Next, we show the feasibility for the eNB to judge whether the interference is mainly caused by downlink or uplink signal. We simulate the IoT of pico-cell in macro-pico adjacent-channel scenario. The interference observed at pico-eNB is analyzed in Table 1 and simulation result of IoT is given in Figure 2. Other assumptions are shown in Appendix. IoT is measured at one eNB only in the subframe when that eNB receives uplink transmission.
Table 1 Source of interference
	
	Subframe {2}
	Subframes {3,7,8}
	Subframes {4,9}

	Pico-eNB
	UL signal in other cells
	UL signal in other cells;  DL signal in other pico-cells
	UL signal in other cells;  DL signal in other pico-cells and macro-cell
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Figure 2 Pico-cell IoT in different subframes

Figure 2 shows that:

· IoT in subframe#2 is similar to IoT in subframes{#3, #7, #8} most of time, which means the eNB-to-eNB interference from pico eNB is comparable to conventional UE-to-eNB interference most of time. It is reasonable for interfered eNB to judge that the interference is mainly caused by UL transmission. 
· IoT in subframes{#4, #9} is higher than IoT in subframe#2 most of time, which means eNB-to-eNB interference is the major interference contributor. It is reasonable for the interfered eNB to consider that the interference is mainly caused by DL transmission.
· IoT in subframes{#2, #3, #7, #8, #4, #9} appears similar at some time, which means interference from UL and DL are around the same level. For this case, the interfered eNB can judge that both downlink and uplink transmissions contribute equally to the overall interference. 
The above preliminary simulation results show that the eNB can estimate “what causes the interference” by simply looking at the IoT measurement history. Other information such as TDD UL-DL configuration history at surrounding cells is certainly helpful to make the estimate more precise. The baseline estimation method assumed for benchmark evaluation remains FFS. 
4. Conclusions
This contribution can be summarized as: 
Observation: It is beneficial to let interfered eNB judge whether the interference is mainly caused by downlink transmission or uplink transmission, and convey such judgement together with OI report to other eNBs.  

Proposal: Consider the above observation in the IM study for TDD eIMTA. 
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Appendix
Table 2 Simulation assumptions

	Parameters
	Assumptions

	Scenario
	Multi-cell, macro-pico adjacent-channel

	Traffic model
	· FTP model 1, 0.5Mbytes file size
· ratio of DL and UL arriving rate = 2/1, λ for DL is 0.5

· Independent traffic generation per cell

· Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL configuration 1

	Time scale for reconfiguration
	For Macro cell, TDD UL-DL configuration is fixed as UL-DL configuration 1

For Pico cell, time scale is 10ms, seven UL-DL configurations defined in Rel-8 are used

	Macro eNB Tx power
	46dBm

	Pico eNB TX power
	24 dBm

	UE power class
	23 dBm

	UE Power Control
	Po = -82dBm, alfa = 0.9

	Macro antenna configuration
	2Tx, 2Rx

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Small scaling fading channel
	Not modeled

	PDCCH symbol number
	2

	PUCCH PRB number
	2

	Scheduler
	FIFO

	DL CSI feedback period
	10ms

	UL CSI feedback period
	10ms

	HARQ retransmission scheme
	CC

	Max retransmission times
	4
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