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1 Introduction
At the RAN1#73 meeting, the UL power control enhancements have been discussed to facilitate DL-UL interference mitigation techniques in LTE-TDD systems with the dynamic UL-DL reconfiguration. The RAN1 WG has made the following agreement [1]:

· In UL, at least two subframe sets can be configured, and for each subframe set

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels e.g. PUSCH, SRS, PUCCH

· FFS  separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this proposal

· FFS if additional (more than two) subframe sets are needed
In this contribution, we continue discussion on performance of UL PC schemes for DL-UL interference mitigation and provide our views on some of the FFS aspects of UL PC agreements listed above.
2 On UL PC Performance for DL-UL Interference Mitigation

The main idea of UL PC is to adjust OL PC settings P0 and α (i.e. increase TX power) to avoid the negative impact of the neighboring cells that may transmit in opposite (DL) transmission direction on flexible subframes and thus inject significant level of the DL-UL interference. In order to overcome the DL-UL interference, the set of flexible subframes is configured to use higher TX power. The comprehensive system level analysis of different UL PC approaches in LTE-TDD systems with dynamic UL-DL reconfiguration has been conducted in [3]-[10].
In [4]-[5], it was shown that UL PC is beneficial in the Macro-Pico adjacent channel scenario. In this scenario, the Macro DL transmissions may inject significant level of the adjacent channel interference to the Pico cells and thus limit the usage of flexible subframes for UL transmission at the Pico cell layer. In order to keep traffic adaptation capabilities at the Pico cell layer, the Pico UEs may be configured to transmit with higher power on flexible subframes which are overlapped with DL Macro subframes.
The usage of UL PC in the Pico-Pico co-channel scenario is not as beneficial as in Macro-Pico adjacent channel scenario. The reason is that Pico cells often experience strong coupling at eNodeB-eNodeB links. In case of coupled Pico cells, the UL PC may not be able to overcome DL-UL interference and thus may lead to critical issues at the system level such as:

· A coupled cell with DL dominant traffic (aggressor) may occupy flexible subframes for DL transmission direction and significantly degrade UL performance of a neighboring coupled cell (victim), having more UL traffic.

· The UL PC if applied for DL-UL interference mitigation and traffic adaptation at the Pico cell layer may lead to significant increase of UL TX power and thus overall UE power consumption.
The alternative technical solution that avoids these critical system level issues is the cell-clustering (CC) based DL-UL interference mitigation (CCIM) [3], [7]-[8]. These approaches assume formation of cell clusters composed from strongly coupled cells and traffic adaptation based on joint traffic demands. According to these approaches, the strongly coupled cells may use the same UL-DL configuration which is derived taking into account joint traffic demands in each transmission direction. The cell clusters may be also further divided into sub-clusters if for example one of the cells is coupled with two or more subsets of coupled cells and does not have traffic. It has to be noted that CC based interference mitigation schemes may be implemented in pure distributed architecture and in systems with non-ideal backhaul. The efficiency of these approaches is further discussed in our companion contribution [9].
Further in this contribution, we continue comparative analysis of the CCIM and UL-PC based DL-UL interference mitigation schemes for Pico-Pico co-channel scenario. In particular, we compare the following schemes/scenarios:
· Reference scenario. All deployed Pico cells apply the same UL-DL configuration #1. This is the baseline scenario, which is used to assess performance benefits from introducing dynamic UL-DL reconfiguration.
· Traffic Adaptation (TA). In this scenario, it is assumed that Pico cells independently adjust the UL-DL configuration based on instantaneous traffic conditions in each cell. In this method, the victim cell operating in UL may detect strong level of interference at flexible subframes and refrain from scheduling UL transmissions if strong DL-UL interference is observed at the flexible subframes.
· Traffic Adaptation (TA) and semi-static UL power control (ULPC) on flexible subframes. In this scenario, Pico cells configure UE terminals with different open loop UL PC settings on flexible and regular UL subframes. The P0 is adjusted to overcome the DL-UL interference from the dominant interferer among Pico cells and achieve near the same target SINR as on regular subframes. Different cells use different P0 values depending on the coupling level. The maximum offset between P0 values of two sets is limited by 20 dBm.
· Traffic Adaptation (TA) and dynamic UL power control (ULPC) on flexible subframes. The difference of the dynamic ULPC and semi-static ULPC is that in case of semi-static operation the UE still uses increased TX power on flexible subframes, although the aggressor cells may not interfere in a given moment. The dynamic ULPC assumes that each cell can detect if there is interference from the aggressor cells or UEs transmitting with high power in neighbor cell. If cell does not observe interference the UE transmits using the PC setting of regular subframes. This scenario may be considered as idealized closed loop PC with the fast update time for the transmit power and non-quantized power adjustment levels with up to 20 dBm restriction on maximum power adjustment level.
· Cell Clustering (CC). The cell clustering scenario [3], [7] - [8] assumes identification of isolated, victim and aggressor cells based on the coupling of Pico-Pico links (pathgain or DL-UL interference level). According to this approach, Pico cells that experience strong coupling (victim and aggressor) are combined into cell clusters. Interference mitigation and traffic adaptation within cell clusters applies coordinated adaptation of UL-DL configuration taking into account aggregated traffic conditions within the cluster. In addition sub-clustering (dynamic de-coupling) is applied if one of the coupling cells does not have traffic.
· Cell Clustering (CC) and dynamic or semi-static UL power control (ULPC) on flexible subframes. The cell clustering technique is applied in combination with ULPC. The ULPC is used to compensate residual SINR difference due to inter-cell interference between regular and flexible subframes after semi-static formation of the cluster.
In order to better understand the system gains, we separately analyze DL and UL packet throughput performance in isolated and coupled cells, where coupled cells are identified by pathgain exceeding -90dB with at least one of the neighboring eNodeBs. (Note that according to this criterion about 50% of cells are identified as coupled cells and the major portion of clusters is composed from two or three cells only). In addition we analyze UE power consumption to fairly compare the impact on UE benefits.
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	Figure 1. DL and UL average packet throughput vs. cell loading for isolated and coupled Pico cells


Observations 1:

· In isolated cells DL:

· DL performance is very similar for each IM technique.
· In coupled cells DL:

· DL performance for CC-based schemes is slightly lower because of higher co-channel interference from DL and joint traffic adaptation that balances UL and DL packet throughput in cluster. On medium-to-high loadings UL power control applied to CC gives even better performance due to relaxation of demand in frame resources from UL.
· In isolated cells UL:

· TA and CC techniques have the same performance in UL since they do not adjust UL power and have the similar impact from DL transmissions in neighboring cells.
· Semi-static ULPC-based interference management techniques have similar performance to non-ULPC in isolated cells since they take into account only expected DL-to-UL interference (which is very low in isolated cells) and almost do not adjust transmission power.
· Dynamic ULPC-based schemes have highest performance in isolated cells because they are able to compensate both DL-to-UL interference from neighbor cells as well as UL-to-UL interference from high power UEs transmitting in coupled cells.
· In coupled cells UL:

· Semi-static and dynamic UL power control techniques have slightly better performance than TA. However they cannot overcome severe DL-UL interference in congested flexible subframes (i.e. subframes with strong DL-UL interference), although they take advantage of higher SNR in non-colliding flexible subframes due to the increased transmit power.
· Cell clustering based schemes have the best performance. Additional degree of UL power adjustment further improves performance.
Further insights into the benefits of the cell-clustering based solutions are shown for 5% point of the packet throughput CDF provided in Figure 2.

	[image: image5.emf]DL:UL, 0.5:0.25 DL:UL, 1:0.5 DL:UL, 1.5:0.75 DL:UL, 2:1 DL:UL, 2.5:1.25

0

2

4

6

8

10

12

14

16

18

Cell loading

Throughput, Mbps

DL 5-percentile point of CDF of packet throughput vs. Cell loading

 

 

Reference UL-DL #1

TA

TA + semi-static ULPC

TA + dynamic ULPC

CC

CC + semi-static ULPC

CC + dynamic ULPC


	[image: image6.emf]DL:UL, 0.5:0.25 DL:UL, 1:0.5 DL:UL, 1.5:0.75 DL:UL, 2:1 DL:UL, 2.5:1.25

0

2

4

6

8

10

12

Cell loading

Throughput, Mbps

UL 5-percentile point of CDF of packet throughput vs. Cell loading

 

 

Reference UL-DL #1

TA

TA + semi-static ULPC

TA + dynamic ULPC

CC

CC + semi-static ULPC

CC + dynamic ULPC



	Figure 2. DL and UL 5-% point of CDF of packet throughput vs. cell loading


Observations 2:

· In DL, the 5% packet throughput is similar for all schemes. On medium and medium-to-high loadings the CC-based techniques show better performance than non-CC schemes.

· In UL, the 5% packet throughput of all non-CC based interference management techniques has lower performance than in the reference case and cell-clustering schemes completely eliminate performance degradation.

Further analysis shows UE power consumption during UL packet transmission. The power consumption was calculated using the model agreed for the Rel-12 D2D study item [1]. For detailed analysis the statistics is shown separately for isolated and coupled cells as well as aggregated for all cells.
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a) Isolated cells
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b) Coupled cells
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c) All cells

	Figure 3. UE power consumption during UL packet transmission in isolated, coupled and all Pico cells


Based on the power consumption analysis presented above we draw the following observations.
Observations 3:

· In isolated cells:
· Power consumption is lower than in the reference case because of the reduced number of PDCCH decodings and slightly lower number of UL transmissions.
· Semi-static open loop power control sets have the worst power consumption due to much larger TX power.

· CC with dynamic ULPC has the lowest power consumption due to higher packet throughput and therefore smaller number of UL transmissions and PDCCH decodings.

· In coupled cells:
· All schemes provide similar power consumption at low loadings except semi-static ULPC schemes where TX power is increased even when there is no need.
· Non-CC schemes have even much higher power consumption than the reference case at medium, medium-to-high loadings, while the CC-based schemes provide power savings relative to the reference case.

Proposal 1:

· Use CC-based DL-UL interference mitigation schemes in combination with the limited UL TX power adjustment to avoid poor cell-edge performance and increased power consumption in coupled cells.
3 Amount of UL Subframe Sets

In general, more than two UL subframe sets can be defined to use different open loop UL PC parameters P0 and α. The motivation to define more than two subframe sets is that eNodeB operating in UL may experience different interference environments on UL flexible subframes, since neighboring cells may use different UL-DL configurations (see Figure 4). In our view, (see Figure 5 – Macro-Pico adjacent channel is more illustrative example for such analysis), the usage of more than two subframe sets with different PC settings is not justified by the observed performance gains and introduces additional complexity. Instead, we believe that the following technical solutions may bring more performance benefits. First of all, the cell may always configure P0 to compensate the dominant interferer or the set of dominant interferers. In addition, eNodeB may always apply different CQIs for different UL subframes, if different interference levels are measured. Finally, coupled cells may agree to restrict the set of UL-DL configurations that can be used for traffic adaptation. This will effectively reduce the amount of UL subframes sets where interference environment may vary.
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Figure 4. UL flexible subframes with different interference environment.
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	Figure 5. Packet throughput performance with multiple sets of UL subframes using different UL PC settings.


Proposal 2:

· Specify two UL subframe sets with different open loop uplink power control settings (P0 and α).
4 Open Loop Power Control Settings for eIMTA
In this section we discuss the remaining FFS aspects for ULPC in LTE TDD systems with dynamic UL-DL reconfiguration. 

The PUSCH open loop power control parameters (P0 and α) are configured by higher layer signaling. The pathloss compensation factor α is a cell specific parameter while the parameter P0 is composed from the sum of cell specific 
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 (-8 dBm, …, 7 dBm) components provided by higher layers. Therefore RAN1 WG needs to decide whether to define the additional set of PC settings in UE or cell specific way for the second set of UL subframes. 
Since the inter-eNodeB DL-UL interference is common for all UE terminals served by a given cell, we propose to define cell specific settings of open loop PC parameters for the second set of UL subframes. The power adjustment ΔP0_PUSCH at the second set of UL subframes may be configured relative to the existing cell specific parameter
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. The relative offset may be also used to restrict the maximum transmit power difference for UL transmissions on two UL subframe sets.  The maximum value of the transmit power offset ΔP0_PUSCH equal to 15-20 dB is proposed in order to limit the usage of UL power control based DL-UL interference mitigation in cells with strong coupling. The pathloss compensation factor α may be assumed to be equal to a predefined value or equal for all sets of subframes.
Proposal 3:

· Use cell specific settings of the PUSCH power control parameters (P0 and α) for the second set of UL subframes.
· For the second set of UL subframes, consider to apply PUSCH power offset (ΔP0_PUSCH) relative to the existing cell specific component
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 of the P0 first subframe set using.
The usage of PUCCH is coupled with CSI reporting and HARQ timing operation. For instance if HARQ feedback for DL grants goes on regular subframes then we do not need additional PC settings for PUCCH. But if HARQ ACK/NACK transmissions are allowed in flexible subframes then the second set is needed to protect control channels. The SRS transmit power follows that of the PUSCH, compensating for the exact bandwidth of the SRS transmission and with an additional power offset, therefore the same principles as applied for PUSCH can be reused.

TPC commands are used for PUCCH and PUSCH. The TPC commands for PUCCH are issued by DL grant. The TPC commands for PUSCH are issued by UL grant. The main question with TPC commands whether two separate closed loops and accumulations should be used for TPC commands on regular and flexible subframes. In our view this aspect should be considered once the HARQ timing operation and interference mitigation techniques are agreed by the group.
5 Conclusions
In this contribution, we have provided comprehensive comparative analysis of the cell clustering and UL PC based schemes based DL-UL interference mitigation schemes. The conducted analysis has shown that cell clustering based DL-UL interference mitigation schemes show superior performance in terms of UL packet throughput and UE power consumption. Based on the presented results we have the following set of proposals. 

Proposal 1:

· Use CC-based DL-UL interference mitigation schemes in combination with the limited UL TX power adjustment to avoid poor cell-edge performance and increased power consumption in coupled cells.
Proposal 2:

· Specify two UL subframe sets with different open loop uplink power control settings (P0 and α).
Proposal 3:

· Use cell specific settings of the PUSCH power control parameters (P0 and α) for the second set of UL subframes.
· For the second set of UL subframes, consider to apply PUSCH power offset (ΔP0_PUSCH) relative to the existing cell specific component
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Proposal 4:

· Specify inter-cell coordination mechanism for DL-UL interference management and agree on the necessity of the additional backhaul signaling for eIMTA support.
· Inform RAN3 WG about necessary changes in X2 interface for eIMTA support in systems with non-ideal backhaul (see [9] for more details).
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Appendix A – System Level Simulation Assumptions

Table 1. System level simulation assumptions for Pico-Pico scenario.
	Simulation Scenario
	Co-channel outdoor Pico-outdoor Pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m; [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout [36.942]. Note that macro cells are deployed but not activated 

	Outdoor Pico deployment
	40m radius, random deployment; [36.814]

	Number of Pico cells per sector
	4

	Min. distance between outdoor Pico cells
	40m; [36.814]

	Min. distance between UE and outdoor Pico
	10m; [36.814]

	Outdoor Pico antenna pattern
	2D, Omni-directional; [36.814]

	Outdoor Pico antenna gain
	5 dBi; [36.814]

	UE antenna gain
	0 dBi; [36.942]

	Outdoor Pico noise figure
	13 dB; [36.104]

	UE noise figure
	9 dB; [36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW); [36.814]

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

	Shadowing standard deviation between outdoor Pico cells
	6dB; [36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5; [36.814]

	Pathloss model
	

	Outdoor Pico to outdoor Pico
	LOS: 

if R<2/3 km, 

    PL(R)=98.4+20log10(R) [ free space loss]
else

    PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]
NLOS: 

PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Outdoor Pico to UE
	PL LOS(R)=103.8+20.9log10(R)    
PL NLOS(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)) [36.814: table A.2.1.1.2-3 Pico-UE]

	Penetration loss
	0 dB (Not modeled)

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Evaluation metrics
	DL and UL metrics collected separately, following metrics can be used

· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

	Time scale for reconfiguration
	10ms

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations was used for adaptation. The traffic adaptation algorithm was based on the estimation of the required number of the DL and UL subframes by taking into account the amount of data in DL/UL user queues and UE throughput capabilities.

	Link adaptation
	MCS selection with 10% BLER
If the highest MCS is selected, the BLER may be less than 10%

	Outdoor Pico DL power control
	According to analyzed interference management scheme

	UE UL Power control
	Open Loop Power Control P0 = -76 dBm, α = 0.8 on regular subframes

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). 

	Receiver type
	MMSE receiver

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS; [ ITU-R M.2135 UMi]

	Traffic model
	Same traffic generation methodology and arriving rate as agreed in isolated cell case [R1-120080], independent traffic generation per cell.  Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL # 1 with ratio of DL and UL arrival rate = 2/1

	HARQ modeling
	HARQ is modeled in combination with RLC Acknowledged Mode. Maximum 4 HARQ transmissions are used.

	HARQ retransmission scheme
	CC
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