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1. Introduction

In the RAN1 #73 meeting, the following agreements were made for interference mitigation for eIMTA [1].
	Agreement:

· 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

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of subframes, and/or two types of interference seen by a subframe 

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

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

· FFS further details of the required specification support


In this contribution, we share our views on the multiple CSI measurements/reporting for each subframe set for eIMTA.
2. Discussion
2.1. The number of downlink subframe sets
In the last meeting, it was agreed that subframe sets can be configured and separate CSI measurement/reporting for each subframe sets. In this contribution, we evaluate the throughput performance in order to determine the number of DL subframe sets for CSI measurements/reporting. In this evaluation, we assume all the TDD UL-DL configurations can be used in pico cell layer and fixed configuration (configuration #1) is used for macro layer in scenario 4.
Here, we should define the fixed subframes and flexible subframes in this evaluation. Figure 1 shows the TDD-DL configurations specified in Rel-8. We can categorize two subframe types.
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Figure 1. Subframe types
1. Fixed DL subframes
These subframes are the subframes in which the transmission directions are always downlink regardless of the TDD UL-DL configuration.
2. Flexible DL subframes

These subframes are the subframes in which the transmission directions can be switched between downlink and uplink by explicit L1 signalling.

In the evaluations, we evaluate the throughput performances when the number of DL subframe sets is two or three.

2.1.1. Scenario 3
Figure 2 shows assumption of the subframe set configurations in our evaluation. In order to configure the subframe set, we categorize the fixed downlink subframes and flexible subframes, and transmission direction ratio in each flexible subframe is used for subframe set configuration when the more than two subframe sets are applied.
In this figure, we consider the subframe set configuration with the following criteria

1. 2 DL subframe sets

In this case, subframe set is configured according to whether the interference is expected to be seen from only DL signals or both DL and UL signals in a semi-static manner. This means that subframe set 0 consists of fixed DL subframes and subframe set 1 consists of flexible DL subframes.
2. 3 DL subframe sets

In this case, firstly, subframe set 0 consists of fixed DL subframes. Next, in order to configure remaining 2 DL subframe sets, we divide the flexible DL subframes into two types. Specifically, in each subframe, transmission direction ratio among seven UL-DL configurations are considered from Figure 1. When the transmission direction ratio is less than one (UL heavy), these flexible subframes are included in subframe set 1. On the other hand, when the transmission direction ratio is more than one (DL heavy), these flexible subframes are included in subframe set 2 in Figure 2.
Regarding the CSI report and link adapatation in our simulation, CSI for each subframe set are reported in the fixed UL subframe (subframe #2) in the next radio frame and link adaptation delay is 10 msec.
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Figure 2. Assumption of DL subframe set configuration for CSI measurements in the simulation in Figure 3 and 4 (Scenario 3)
Figure 3 and Figure 4 show the throughput performances in each CSI measurement schemes. Simulation parameters and other results are shown in Annex. In this evaluation, we evaluated two cases. One is that no DL PC in flexible DL subframes and no enhanced UL power control enhancement are applied as shown in Figure 3. The other is that DL power is reduced by 20 dB in the flexible DL subframes and enhanced UL power control (+10 dB) is applied in the flexible UL subframes and this results are shown in Figure 4. To be specific, DL PC and enhanced UL PC is assumed in the following assumption.
· DL power control

· No power reduced subframes: [0, 1, 5, 6] (fixed DL subframes)

· Power reduced subframes: [3, 4, 7, 8, 9] (flexible DL subframes)

· UL power control

· Subframe set #0: [2] (fixed UL subframes)
· Subframe set #1: [3, 4, 7, 8, 9] (flexible UL subframes)
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(a) Average DL throughput
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(b) 5%-ile DL throughput

	Figure 3. DL throughput (without DL PC and without enhanced UL PC)
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(c) Average DL throughput
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(d) 5%-ile DL thorughput

	Figure 4. DL throughput (with DL PC and with enhanced UL PC of two UL subframe sets)


Finally, we show the gains three subframe sets of two subframe sets. Table 1 shows the throughput gains of three subframe sets compared to the two subframe sets.

Table 1. Throughput gains of three subframe sets compared to two subframe sets
	Power control
	Arrival rate DL
	0.5
	1
	1.5
	2
	2.5

	w/o enhanced PC
	Average DL UPT
	0.0 %
	0.0 %
	0.0 %
	1.1 %
	0.2 %

	
	5%-ile DL UPT
	0.0 %
	0.0 %
	-0.1 %
	7.4 %
	1.1 %

	w/ enhanced PC
	Average DL UPT
	0.0 %
	-0.1 %
	-0.1 %
	0.3 %
	0.4 %

	
	5%-ile DL UPT
	-0.1 %
	0.0 %
	-0.3 %
	2.2 %
	1.9 %


Therefore, we can observe.
Observation 1:

· Two DL subframe sets is sufficient in eIMTA scenario 3.
2.1.2. Scenario 4
In this scenario, we consider the adjacent-channel interference from macro layer in which the fixed configuration is applied. Figure 5 shows the subframe set configurations for pico layer in scenario 4 in our evaluation.
In this figure, we consider the subframe set configuration with the following criteria

3. 2 DL subframe sets

In this case, subframe set is configured according to whether there is interference from macro layer. This means subframe set 0 includes [#0, #1, #4, #5, #9] and subframe set 1 includes [#3, #7, #8].

4. 3 DL subframe sets

In this case, firstly, subframe set 0 consists of fixed DL subframes. Next, in order to configure remaining 2 DL subframe sets, we divide the flexible DL subframes into two types accoding to the transmission directions of macro eNB. Subframe set 1 includes [#3, #7, #8] in which uplink interference from macro UEs can be received and subframe set 2 includes [#4, #9] in which downlink from macro eNBs interference is received.

In this evaluation, we assume the TDD UL-DL configuration is #1 for the macro layer and traffic adaptation is applied for the pico layer.
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Figure 5. Assumption of DL subframe set configuration for CSI measurements in pico cell layer for simulations in Figure 6 (Scenario 4)
Figure 6 shows the throughput performances for Pico UEs for each subframe set configuration. As shown in this figure, three subframe sets can achieve higher throughput since we consider not only UE-UE interference but also interference from macro layer. However, its gains are marginal. Moreover, when we assume that optimized subframe configurations are configured, eNB-eNB information exchange should be needed as dynamically as possible. Consequently, the optimized solution based on information exchange is not desirable considering the operation complexity. Therefore, we believe that two DL CSI measurement/reporting is also sufficient in case of eIMTA scenario 4.
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(a) Average DL throughput
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(b) 5%-ile DL throughput

	Figure 6. DL throughput performances


Table 2 shows the throughput gains of three sets compared to two sets for pico UEs.

Table 2. Throughput gains of three subframe sets compared to two subframe sets
	Arrival rate DL
	0.5
	1
	1.5
	2
	2.5

	Average DL UPT
	0.1 %
	0.7 %
	3.2 %
	5.6 %
	6.0 %

	5%-ile DL UPT
	0.5 %
	2.8 %
	24.1 %
	26.3 %
	13.5 %


As shown in this table, three subframe sets can achieve higher gains in 5%-ile UE throughput. However, the average UE throughput gain is marginal. Considering the tradeoff between throughput gain and operation/implementation complexity, we can observe 
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Observation 2:

· Average UE throughput gain by supporting three DL subframe sets is marginal in eIMTA scenario 4

· Gains are observed in 5%-ile UE throughput. However, higher operation/implementation complexity is required in case of more than two subframe sets
2.1.3. Cell-specific vs UE-specific
In the last meeting, CoMP scenario 4, i.e. transmission point specific reconfiguration, was discussed. We think CoMP scenario 4 can be one of applicable scenarios as well as other scenarios. Therefore, the subframe set configuration should be configured in a UE-specific manner.
Observation 3:

· UE-specific configuration is desirable to support eIMTA in CoMP scenario 4

From the above evaluations and considerations,

Proposal 1:
· Two DL subframe sets are sufficient
· The number of subframe sets for each UE can be configured in a UE-specific manner
2.2. Specification impact on CSI measurement/reporting 
2.2.1. CSI measurement for each subframe set
To support CSI measurement/reporting for each subframe sets, the following mechanisms can be reused.
· Scheme 1: Subframe set information is signalled similar to eICIC/FeICIC
· Scheme 2: Subframe set information is tied to one CSI process similar to CoMP
In scheme 1, although the similar mechanism can be used for eIMTA DL subframe set configuration, in the current specification, CSI-IM can be configured with 5 msec period at shortest [2]. Under this restriction, UEs cannot estimate all the subframe sets. For example, when ZP CSI-RS resource is configured in subframe #0 and #5 in scenario 3, the UE can estimate interference power in subframe set #0 and #5. This means that the interference can be estimated in the fixed subframes only and thereby accurate link adaptation cannot be performed. To solve this problem, RAN1 should discuss ZP CSI-RS configuration and CSI-IM configuration with 1 msec periodicity.

On the other hand, in scheme 2, for example, when two CSI processes are configured for a UE, CSI measurement for each subframe set is performed as each CSI process. However, in the current specification, all CSI-IM resources for a UE must be covered by one ZP CSI-RS resource for a UE in all subframes. Therefore, RAN1 should remove the restriction for CSI-IM configuration which requires all CSI-IM resources for a UE must be covered by one ZP CSI-RS resource for a UE in all subframes to allow a CSI-IM resource is covered by one ZP CSI-RS resource in a subframe and another CSI-IM resource is covered by another ZP CSI-RS resource in another subframe. 
Furthermore, when a UE performs interference estimation in a subframe where the direction is changeable, the direction of the subframe can be uplink although CSI-IM resource is configured in this subframe. In this case, the UE should not use the CSI-IM configured in this subframe. Therefore, we propose
Proposal 2:
· Either of the following enhancements should be specified

· Alt.1: Support of ZP CSI-RS configuration and CSI-IM configuration with 1 msec periodicity
· Alt.2: Removal of the restriction for CSI-IM configuration which requires all CSI-IM resources for a UE must be covered by one ZP CSI-RS resource for a UE in all subframes
·  The above removal of the restriction allows a CSI-IM resource is covered by one ZP CSI-RS resource in a subframe and another CSI-IM resource is covered by another ZP CSI-RS resource in another subframe.
Proposal 3:
· A UE should not estimate interference level in a subframe configured as uplink by L1 reconfiguration signalling
2.2.2. CSI reporting for each subframe set
Next, we discuss the CSI reporting for each subframe set, and explain the specification impact for both periodic and aperiodic CSI reportings.
· Periodic CSI reporting (PUCCH)

Regarding the periodic CSI reporting, wideband CSI and/or subband CSI are reported in a periodic manner. In this case, we should consider the timing of PUCCH transmissions. For example, if PUCCH transmission is configured in a subframe which is set to the downlink by L1 signalling, the CSI reporting cannot be done since the UE tries to transmit PUCCH automatically. To handle this problem, there are three solutions.
1. TDD UL-DL configuration is selected so that periodic CSI can be reported
2. A UE does not transmit PUCCH in the downlink indicated by L1 signalling

3. PUCCH transmission periodicity and transmission timings are limited to particular subframes in which its directions are always uplink regardless of TDD UL-DL configurations.
In scheme 1, UE can automatically transmit CSI reporting with PUCCH without any specification change. However, TDD UL-DL reconfiguration is limited due to PUCCH transmission, and thereby traffic adaptation gain may be degraded. In scheme 2, if the UE stop transmitting PUCCH in some subframes which are set to downlink, the estimated CSI at eNB can be aging especially in subband CSI reporting. In scheme 3, all UEs can transmit CSI with PUCCH and there is no limitation for TDD UL-DL reconfiguration without any specification change. Therefore, we think that the PUCCH based periodic CSI reporting should be done in particular subframes in which its directions are always uplink.
· Aperiodic CSI reporting (PUSCH)
In aperiodic CSI reporting, a UE should report CSI for each subframe triggered by CSI request field in DCI [2]. From the specification point of view, a UE should understand CSI of which subframe set to be reported according to the CSI request field value. Detailed mechanism is FFS.
Therefore, we propose

Proposal 4:
· For periodic CSI reporting

· The UE should report CSI in particular subframes in which the direction is always uplink (fixed uplink subframe)

· For aperiodic CSI reporting,
· The UE should report CSI for one or multiple subframe sets indicated by CSI request field included in DCI
· Detailed mechanism is FFS

3. Conclusion
In this contribution, we propose
Observation 1:

· Two DL subframe sets is sufficient in eIMTA scenario 3

Observation 2:

· Average UE throughput gain by supporting three DL subframe sets is marginal in eIMTA scenario 4

· Gains are observed in 5%-ile UE throughput. However, higher operation/implementation complexity is required in case of more than two subframe sets
Observation 3:

· UE-specific configuration is desirable to support eIMTA in CoMP scenario 4
Proposal 1:
· Two DL subframe sets are sufficient
· The number of subframe sets for each UE can be configured in a UE-specific manner

Proposal 2:
· Either of the following enhancements should be specified

· Alt.1: Support of ZP CSI-RS configuration and CSI-IM configuration with 1 msec periodicity
· Alt.2: Removal of the restriction for CSI-IM configuration which requires all CSI-IM resources for a UE must be covered by one ZP CSI-RS resource for a UE in all subframes
·  The above removal of the restriction allows a CSI-IM resource is covered by one ZP CSI-RS resource in a subframe and another CSI-IM resource is covered by another ZP CSI-RS resource in another subframe.
Proposal 3:
· A UE should not estimate interference level in a subframe configured as uplink by L1 reconfiguration signalling

Proposal 4:
· For periodic CSI reporting

· The UE should report CSI in the subframes in which the direction is always uplink (fixed uplink subframe)

· For aperiodic CSI reporting,
· The UE should report CSI for one or multiple subframe sets indicated by CSI request field included in DCI

· Detailed mechanism is FFS
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5. Annex
5.1. Simulation assumptions

Table 3 and 4 show the simulation assumptions for scenario 3 and scenario 4, respectively.

Table 3. Simulation assumptions in scenario 3
	Parameters
	Assumptions / Values

	eIMTA scenario
	Scenario 3 (Co-channel multiple pico scenarios)

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment
	19-cell and 3-sectored hexagonal grid layout
Macro cells are deployed but not activated

	Pico deployment
	40 m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between pico cell and UE
	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

	Pico transmission power
	Maximum power is 24 dBm

	UE power class
	23 dBm

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the pico cells

	Shadowing standard deviation between picos
	6 dB

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

	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]

	Radio frame configuration
	The seven set of TDD subframe configurations difined in Rel-8

	Small scale fading
	Not modeled

	Traffic model
	- FTP model 1

- Poisson distributed with arrival rate 
- A packet is randomly assigned to a UE with equal probability

- File size is 0.5 Mbytes

- Same arrival rate for all cells

- Independent traffic generation per cell

	Pico antenna configuration
	1 Tx, 2 Rx

	UE antenna configuration
	1 Tx, 2 Rx

	Link adaptation
	MCS selection with 10% BLER

	HARQ
	Chase combining

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

	Reconfiguration period
	10 msec

	Number of UL subframe sets
	1 or 2 (set #0: [#2], set #1: [#3, #4, #7, #8, #9])

	Uplink power control
	Set #0: [P0, ] = [- 76 dBm, 0.8]

Set #1: [P0, ] = [- 56 dBm, 0.8]


Table 4. Simulation assumptions in scenario 4
	Parameters
	Assumptions / Values

	eIMTA scenario
	Scenario 4 (Adjacent channel multi-cell macro-pico scenario)

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment
	19-cell and 3-sectored hexagonal grid layout

	Pico deployment
	40 m radius, random deployment within a macro area

	Number of pico cells per sector
	4

	Number of UEs
	60 UEs per macro area

	UE distribution
	Cluster, Photspot = 2/3

	Minimum distance between macro and pico
	75 m

	Minimum distance between macro and UE
	35 m

	Minimum distance between pico cells
	40 m

	Minimum distance between pico cell and UE
	10 m

	Macro antenna pattern
	2D sectorized (3dB = 65 dB, Am = 20 dB)

	Pico antenna pattern
	2D, Omni-directional

	Macro antenna gain
	15 dBi

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Macro noise figure
	5 dB

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Macro transmission power
	46 dBm (Fixed)

	Pico transmission power
	Maximum power is 24 dBm

	UE power class
	23 dBm

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the pico cells

	Shadowing standard deviation between macro and pico
	6 dB

	Shadowing standard deviation between picos
	6 dB

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

	Shadowing correlation between UEs
	0

	Shadowing correlation between macro and pico
	0.5

	Shadowing correlation between picos
	0.5

	Macro-to-pico pathloss
	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) [36.814 table A.2.1.1.2-3 reuse the model of Macro-Relay]

	Macro-to-UE pathloss
	PLLOS(R)=103.4+24.2log10(R)

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

For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)(1-exp(-R/0.063))+exp(-R/0.063) [36.814: table A2.1.1.5-2 ]

	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]

	Radio frame configuration
	The seven set of TDD subframe configurations difined in Rel-8

	Small scale fading
	Not modeled

	Traffic model
	- FTP model 1
- DL: UL = 2
- Poisson distributed with arrival rate 
- A packet is randomly assigned to a UE with equal probability

- File size is 0.5 Mbytes

- Same arrival rate for all cells

- Independent traffic generation per cell

	Macro antenna configuration
	1 Tx, 2 Rx

	Pico antenna configuration
	1 Tx, 2 Rx

	UE antenna configuration
	1 Tx, 2 Rx

	Link adaptation
	MCS selection with 10% BLER

	HARQ
	Chase combining

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

	Reconfiguration period
	10 msec

	Number of UL subframe sets
	1

	Uplink power control
	Macro UE: [P0, ] = [- 82 dBm, 0.8]

Pico UE: [P0, ] = [- 76 dBm, 0.8]

	ACIR
	BS-BS: 43 dB

BS-UE: 33 dB

UE-BS: 30 dB

ACIR: UE-UE: 28 dB

	CRE bias
	22 dB


5.2. Uplink throughput
Figure 7 and 8 show the UL throughput performances in scenario 3 and 4, respectively.
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(a) Average UL throughput
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(b) 5%-ile UL throughput

	Figure 7. UL throughput performances in scenario 3
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(c) Average DL throughput
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(d) 5%-ile UL thorughput

	Figure 8. UL throughput performances in scenario 4
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