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1 Introduction
In RAN1#73, interference mitigation schemes for TDD eIMTA were discussed and enhanced uplink power control was introduced in order to overcome the BS-to-BS interference in TDD eIMTA, as in the following agreements:
· 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 prospoal

· FFS if additional (more than two) subframe sets are needed

· FFS further details of the required specification support

In this contribution, we provide further analysis and discussions on the FFS issues for enhanced uplink power control.
2 Discussion
In this section, we provide further analysis on the enhanced uplink power control under two deployment scenarios, i.e. multiple outdoor pico cells with and without inclusion of macro cells.
2.1 Multiple pico cells without macro cells (Scenario 3)
UL SINR distribution in different uplink subframes are collected in the system level evaluation under multiple pico cells scenario without macro cells, where UL-DL reconfiguration is applied in each pico cell with 10ms periodicity. As shown in figure 1, two trends of SINR curves are observed for fixed uplink subframe #2 and flexible uplink subframes {#3,#4,#7,#8,#9} respectively in the low traffic load region.  With the increase of traffic load, the UL SINR curves diverge and around 40%~60% of the uplink transmissions in flexible subframes suffer from SINR lower than -20 dB, which is not possible for any uplink transmission. The SINR lower than -20dB is mainly caused by the strong BS-to-BS interference and nearly not possible to be compensated by enhanced uplink power control due to the limitation of UE maximum transmission power. Therefore enhanced uplink power control does not solve the interference problem and is not recommended in this scenario. 

[image: image22.emf]-60 -50 -40 -30 -20 -10 0 10 20 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

noIM UL SINR(dB)

CDF

TA-10ms,DL/UL=2/1,DL lamda=2.5

 

 

SF#2

SF#3

SF#4

SF#7

SF#8

SF#9


Figure 1: SINR of UL subframes in scenario 3 without IM
As discussed in several contributions [1]~[3], cell clustering interference mitigation (CCIM) is beneficial for scenario 3 and much better UPT performance were shown compared to enhanced uplink power control. Figure 2 presents the UL SINR for each uplink subframe in case CCIM is applied in scenario 3. It is seen that CCIM greatly improves the UL SINR by effectively handling the BS-to-BS interference. It is also observed that SINR for each uplink subframes converge so that separated power setting for different subframes is not needed.
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Figure 2: SINR of UL subframes in scenario 3 with CCIM
Observation 1:
CCIM is superior to mitigage the BS-to-BS interference than enhanced uplink power control in scenario 3. It is not recommended to apply enhanced uplink power control in sceanrio 3.
2.2 Multiple pico cells with adjacent channel macro cells (Scenario 4)
In scenario 4, the interference problem becomes more complicated. Two types of BS-to-BS interference exists and should be mitigated, i.e. BS-to-BS interference within pico layer (type 1), and BS-to-BS interference across macro and pico layers (type 2). Figure 3 and 4 show the UL SINR collected in scenario 4 where fixed UL-DL configuration #1 is used in all macro cells and traffic adaptation is applied in each pico cell with 10ms periodicity.  It is observed that UL SINR in pico layer is even worse than that of scenario 3 in flexible subframes due to the presence of inter layer interference from macro cells. It is even less possible to compensate the UL performance only by enhanced uplink power control, compared to scenario 3. It is also observed that the UL SINR in flexible subframes is degraded in macro cells, compared to the fixed subframes.
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Figure 3: SINR of UL subframes for pico cells in scenario 4 without IM
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Figure 4: SINR of UL subframes for Macro cells in scenario 4 without IM
As analyzed in [2][4], CCIM can be applied in scenario 4 targeting to mitigate the type 1 interference (i.e. BS-to-BS interference within pico layer) and enhanced uplink power can be beneficial in mitigating the type 2 interference (i.e. BS-to-BS interference across macro and pico layer). Therefore the study of enhanced uplink power control should be based on scenario 4 and together with CCIM. Figure 5 and 6 further presents the UL SINR for pico and macro cells in scenario 4 where CCIM is applied in the pico layer. It is observed that CCIM effectively mitigate the intra layer BS-to-BS interference in pico layer except that 30% of UL transmissions in subframes #4, #9 suffer from SINR lower than 0dB. Given fixed UL-DL configuration #1 used in macro cells, subframes #4, #9 refer to downlink subframes in macro cells such that inter layer BS-to-BS interference is introduced to pico cell uplink. It is therefore beneficial to apply enhanced uplink power control in pico cells, i.e. two sets of power control parameters (P0, alpha) are configured for two subframe sets, one with higher Tx power for subframes suffering from macro BS interference (#4,#9 in the example), the other with lower Tx power for subframes not suffering from macro BS interference (#2, #3, #7, #8 in the example). From the SINR collection, it is not motivated to support more than two subframe sets for separate power control parameters in pico cells.
Seen from figure 6, two uplink power control parameters can also be configured in macro cells to overcome the inter layer interference from pico BS, i.e. one set with lower Tx power for subframe #2 not suffering from pico BS interference, the other with higher Tx power for subframes {#3, #7, #8} suffering from pico BS interference. It is also not motivated to support more than two subframe sets for separate power control parameters in macro cells.
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Figure 5: SINR of UL subframes for Pico cells in scenario 4 with CCIM applied in pico layer
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Figure 6: SINR of UL subframes for Macro cells in scenario 4 with CCIM applied in pico layer
Observation 2:
Enhanced uplink power control can be beneficial for both pico cells and macro cells in scenario 4 by overcome the inter layer BS-to-BS interference. While the intra layer BS-to-BS interference in pico cells should be handled by CCIM. 
Proposal 1:
It should be sufficient to support at most two separate uplink power control parameters for two subframe sets. 
2.3 Specification support for enhanced uplink power control mechanism
As the proposed second uplink power control parameter is mainly used to improve the UL throughput in flexible subframes, thus it is straightforward that two separate sets of uplink power control parameters are supported for PUSCH. Two subframe sets can be configured by higher layers according to the interference condition seen in the subframes, and the corresponding power control parameters are used for the UE to determine the PUSCH transmission power in each subframe sets.
Proposal 2:

Two subframe sets and corresponding separate power control parameters (P0, alpha) are configured by higher layers for PUSCH transmission power determination.

In LTE specification, SRS follows the PUSCH power control formula and parameters with one additional fixed power offsets. This mechanism can still be used when two separate uplink power control parameters are configured for PUSCH so that separate transmission power can be applied in each subframe sets for SRS transmission without changing the SRS power control.
Proposal 3:

UE follows the higher layer configuration of subframe sets and power control parameters for PUSCH to determine the transmission power of SRS in each subframes.
In TDD eIMTA, due to the high BS-to-BS interference in flexible subframes, it is generally not preferred to transmit PUCCH in these subframes. Thus all PUCCH should be transmitted in fixed uplink subframes. To be specific, HARQ-ACK can be transmitted in subframe #2 when UL-DL configuration #5 is used as HARQ reference configuration, as proposed in [5]. Periodical PUCCH e.g. CSI feedback or Scheduling Request can also be configured in fixed uplink subframes. Therefore it is not required to change the PUCCH power control parameters.
Proposal 4:
Power control for PUCCH is not changed, i.e. only one set of power control parameters as in current specification.
There is proposal that separate TPC command or accumulations are should be supported for each subframe set. However, it is not necessary in our view. In LTE uplink power control, TPC is mainly used to trace the fast fading channel property or interference variance. The former is related to the channel fading to the serving cell thus not influenced by the application of TDD eIMTA. The variance of inter cell interference is very high due to the presence of BS-to-BS interference thus should be handled by configuring separate power control. The additional benefit for separate TPC command or accumulations is not clear. 
Proposal 5:

Separate TPC command or accumulation is not supported in TDD eIMTA. 
3 Conclusions
In this contribution, remaining details of enhanced uplink power control were discussed. According to the evaluations and analysis, following observations and proposals are made:
Observation 1:
CCIM is superior to mitigage the BS-to-BS interference than enhanced uplink power control in scenario 3. It is not recommended to apply enhanced uplink power control in sceanrio 3.

Observation 2:
Enhanced uplink power control can be beneficial for both pico cells and macro cells in scenario 4 by overcome the inter layer BS-to-BS interference. While the intra layer BS-to-BS interference in pico cells should be handled by CCIM. 
Proposal 1:

It should be sufficient to support at most two separate uplink power control parameters for two subframe sets.

Proposal 2:

Two subframe sets and corresponding separate power control parameters (P0, alpha) are configured by higher layers for PUSCH transmission power determination.

Proposal 3:

UE follows the higher layer configuration of subframe sets and power control parameters for PUSCH to determine the transmission power of SRS in each subframe.

Proposal 4:
Power control for PUCCH is not changed, i.e. only one set of power control parameters as in current specification.

Proposal 5:

Separate TPC command or accumulation is not supported in TDD eIMTA. 
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5 Appendix

5.1 Simulation assumptions
Table A-1: Pico-cell system assumptions for multiple pico cells scenario
	Parameters
	Assumptions

	Scenario
	Co-channel and multiple pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment

	The typical 19-cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated    

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between UE and pico
	10 m

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Maximum pico TX power
	24 dBm

	UE power class
	23 dBm (200 mW)

	Open loop UL power control parameters
	Pico UE: P0 = -76 dBm,alpha = 0.8

	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
	6 dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Pico-to-pico pathloss
	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] 

Case1: 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]

	Pico-to-UE pathloss
	PLLOS(R)=103.8+20.9log10(R)    
PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km 

Case1: 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]

	UE-to-UE pathloss
	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]

	Fast fading
	Not modeled

	Traffic model
	FTP model 1 in TR36.814
Poisson distributed with arrival rate λ

Number of UEs according to the simulated scenario

A packet is randomly assigned to a UE with equal probability

Independent traffic modeling for DL and UL per UE
Fixed size of 0.5Mbytes as in TR36.814
Independent traffic generation per cell
Same arriving rate for all the cells
Ratio of DL and UL traffic loads = 2:1

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or

TDD UL-DL reconfiguration every 10ms

	UE antenna configuration
	1 Tx, 2 Rx

	Fixed reference TDD UL-DL configurations
	TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = 2/1

	Link adaptation
	MCS selection with 10% BLER, assuming ideal CSI
If the highest MCS is selected, the BLER may be less than 10%, which shall be modeled

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

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is either not modeled or modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

	Shadowing standard deviation between Pico and UE
	3dB for LOS and 4dB for NLOS

	DL CSI feedback
	DL CSI modeled as following:

-- PUCCH mode 1-1, wideband CQI/PMI reported every 10ms

-- CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe#0
-- A minimum 5ms CSI feedback delay is modeled 

-- Error free feedback

	UL CSI feedback
	UL CSI modeled as following

--1 symbol SRS per 10ms -- UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe#2
-- A minimum 5 ms CSI delay is modeled

	Channel estimation
	Ideal

	Performance metrics
	UL SINR

	Evaluation methodology
	· Joint DL and UL simulation in one simulator

· Independent packet generation for DL and UL

One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.

	HARQ and ARQ
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms

· Chase Combining with maximum 4 transmissions

· Retransmission by high layer till TB is received correctly

	Interference mitigation schemes
	No IM

Cell clustering interference mitigation


Table A-2: Assumptions for multiple Pico cells with inclusion of adjacent channel Macro cells

	Parameter
	Assumption

	Deployment scenario
	Macro-pico adjacent channel

19*3 Macro cells, 4 pico cells per Macro cell area

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout

	Pico deployment
	40 m radius for each pico cell

	Macro Inter-site distance
	500m

	Macro transmission power
	46dBm

	Macro antenna configuration
	1Tx, 2Rx

	Macro antenna gain
	15dBi

	Macro antenna pattern
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 =  65 degrees, Am = 20 dB (65 degree horizontal beamwidth)    

	Macro noise figure
	5dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm(200mW)

	Minimum distance between UE and Macro
	35m

	Number of UE per Macro cell
	Non-uniform 60UE/macro cell [Configuration 4b in 36.814] (i.e. 20 Macro UEs randomly and uniformly dropped per Macro cell)

	User distribution
	Cluster, Photspot=2/3

	Minimum distance between Pico and Macro
	75m

	Shadowing standard deviation between Pico and Macro
	6dB

	Shadowing correlation between Pico and Macro
	0.5

	Shadowing standard deviation between UE and Macro
	8dB

	Penetration loss between UE and Macro
	w/o

	Pathloss of Macro to UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R) 

For 2GHz, R in km.

Case1:Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) 

	Pathloss of Macro to Pico
	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R)

For 2GHz, R in km.

Case1:Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072) 

	ACIR BS-BS
	43dB

	ACIR UE-UE
	33dB

	ACIR UE-BS
	30dB

	ACIR UE-UE
	28dB

	Pico transmission power
	24dBm

	Pico antenna configuration
	1Tx, 2Rx

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D,Omni-directional

	Pico noise figure
	13dB

	Minimum distance between UE and Pico
	10m

	Number of UE per Pico cell
	10

	Shadowing standard deviation between  Picos
	6dB 

	Shadowing correlation between Picos
	0.5

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS

	Shadowing correlation between UEs
	0

	Penetration loss between UE and Pico
	Not modeled

	Pathloss of Pico to Pico
	LOS: 
if R<2/3 km, 
PL(R)=98.4+20log10(R)                                            
else, 
PL(R)=101.9+40log10(R), R in km 

NLOS: PL= 40log10(R)+169.36, R in km 

Case1:Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Pathloss of Pico to UE
	PLLOS(R)=103.8+20.9log10(R)    PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km 

Case1:Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) 

	Pathloss of 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)

	Small scaling fading channel
	Not modeled

	UE antenna configuration
	1Tx, 2Rx

	Reconfiguration time scale 
	Every 10ms

	Metric
	UL SINR

	Traffic model
	· FTP model 3 as defined in small cell study item
· Fixed packet size of 0.5M
· Poisson distributed with arrival rate λ

· 20UEs per macro cells

· 10 UEs per pico cell
· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE
· DL Traffic arriving rate per macro cell geographical area {2.5, 7.5}

· Ratio of DL:UL traffic {2/1}

	Reference UL-DL configurations
	Case1: TDD UL-DL configuration 1 for Macro and Pico 

	RSRP bias for cell association between macro and pico layer
	10dB

	DL CSI feedback
	DL CSI modeled as following:

-- PUCCH mode 1-1, wideband CQI/PMI reported every 10ms

-- CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe#0
-- A minimum 5ms CSI feedback delay is modeled 

-- Error free feedback

	UL CSI feedback
	UL CSI modeled as following

--1 symbol SRS per 10ms -- UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe#2
-- A minimum 5 ms CSI delay is modeled

	Channel estimation
	Ideal

	Special subframe configuration
	Special subframe configuration #8 

	Packet Drop Time 
	8s for 0.5MB 

	Evaluation methodology
	· Joint DL and UL simulation in one simulator

· Independent packet generation for DL and UL

· One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.

	HARQ and ARQ
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms

· Chase Combining with maximum 4 transmissions

· Retransmission by high layer till TB is received correctly

	Interference mitigation schemes
	· No IM

· Cell clustering interference mitigation
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