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1 Introduction
In RAN1#73, signaling mechanisms and interference mitigation schemes for TDD eIMTA were discussed with the following agreements:
· Alt2 as working assumption, i.e. Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH

· FFS which search space is used for this signalling 

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 
· 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

The working assumption of UL-DL reconfiguration signaling mechanisms has the relation with UE mobility measurements. According to the agreement on DL CSI measurements/reports, further study and specification on CSI measurements should be discussed. In this contribution, the above two aspects on UE measurements are discussed. 
2 Discussion
2.1 Mobility measurements

In a cell enabled with TDD eIMTA, in order to support legacy UEs, the SIB-1 configured downlink subframes should be kept as downlink and not reconfigured to uplink [1][2]. Then it is straightforward that Rel-12 UEs enabled with TDD eIMTA use the same set of downlink subframes for serving cell RLM/RRM measurements, i.e. the downlink subframes configured in SIB-1. For RRM measurements for neighbor cells, the same behavior as legacy UEs can also be followed, i.e. a UE receives the signaling NeighCellConfig from serving cell indicating whether the same SIB-1 UL-DL configuration is used in neighbor cell, and measures the neighbor cell accordingly. Additional RLM/RRM measurements on subframes other than the SIB-1 configured downlink subframes were proposed in some contributions. However, as evaluated in the NCT work item, the RLM/RRM measurement performance can be fulfilled if only CRS port 0 in subframes {#0, #5} are used, even in 1.4MHz system [2]. Thus the RLM/RRM measurement performance according to SIB-1 configuration in TDD eIMTA should also fulfill the requirements. Therefore it is not motivated to use more subframes for RLM/RRM measurements.
Proposal 1:

For TDD eIMTA enabled UEs, RLM/RRM measurements are performed in the same way as legacy UEs, i.e. using the downlink subframes given by the SIB-1 configuration.
2.2 DL CSI measurements
To answer the question “if additional (more than two) subframe sets are needed” for DL CSI measurement/reporting, we have performed system level evaluation comparing the UPT performance with single CSI, dual CSI or multiple CSI measurement/reports. In the evaluation, DL CSI is measured and feedback per 10ms with 5ms CSI feedback delay assumed. In the evaluation of single CSI measurement, DL CSI is always measured in SF#0. In the evaluation of dual CSI measurement, two CSI are measured in SF#0 and one of the flexible subframe being downlink. While for multiple CSI measurements, CSI are measured in SF#0 and in each of the flexible subframe being downlink. In the evaluation of dual or multiple CSI measurements, during the UL-DL reconfiguration, when a subframe #i in the previous radio frame is configured as UL, the eNB use DL CSI measured in SF#0 of previous radio frame for the scheduling of subframe #i in current radio frame.  
The evaluated deployment scenario is the multi-pico cell scenario (i.e. TDD eIMTA scenario 3) with the simulation assumptions shown in appendix. No other interference mitigation schemes are applied besides multiple CSI measurements/reports. Following cases have been evaluated where case 1 can be seen as the reference cases.
1) Fixed UL-DL configuration #1 in all pico cells, i.e. no traffic adaptation

2) Traffic adaptation per 10ms without IM in pico cells, single CSI feedback
3) Traffic adaptation per 10ms without IM in pico cells, dual CSI feedback

4) Traffic adaptation per 10ms without IM in pico cells, multiple CSI feedback
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Figure 1:UL cell average packet throughput
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Figure 2: DL cell average packet throughput
The evaluation results for the above four cases are shown in Figures 1 and 2, with the performance metric of UL and DL cell average packet throughput respectively. It is observed that dual CSI measurement/reporting provides significant UPT gain in both downlink and uplink direction compared to the single CSI measurement case. It is further observed that more than two separate CSI measurements/reports provides marginal gain compared to the dual CSI measurement cases.
Proposal 2:

At most two DL subframe sets for separate CSI measurement/reporting are supported in TDD eIMTA. 
2.3 Specification support for DL CSI measurements

As maximum two separate CSI measurement/reporting is required in TDD eIMTA, current mechanisms for dual CSI reporting can be reused, i.e. restricted measurement subframe sets defined in the Rel-10 eICIC and the multiple CSI processes defined in the Rel-11 CoMP. Since restricted measurement subframe sets is a UE madatory feature and can be applied with all transmission modes, it should be considered as the baseline so that TDD eIMTA can be used with any of the existing transmission modes. Multiple CSI processes, however, is supported only for transmission mode 10 and is a UE capability. Thus for UEs configured in TM10 and only capable of one CSI process, using restricted measurement sets should be the solution to support dual CSI reporting for TDD eIMTA.
It is identified that following specification change is needed to enhance the restricted CSI measureemnt subframe sets in order to meet the requirement of TDD eIMTA.
· Restricted CSI measurement set is currently not supported in Scell of carrier aggregation, which is not sufficient to support TDD eIMTA with CA. It is proposed to remove such limitation in Rel-12
· It should be supported that all CSI feedback in TDD eIMTA is transmitted in fixed uplink subframes (e.g. SF#2). In case of periodic CSI feedback on PUCCH, it is supported in current specifications by configuring CSI feedback for the two subframe sets TDM in different fixed uplink subframes, i.e. increasing the feedback periodicity for each subframe set. For aperiodic CSI feedback in PUSCH, it is prefered to support CSI feedback for both subframe sets are triggered by one UL grant, i.e. UE configured in TDD eIMTA transmits two CSI reports in a PUSCH scheduled by UL grant according to the CSI triggering bit.  
· For a UE supporting TM10 but only capable of single CSI process, minimum CSI-IM periodicity of 5ms defined in the current specification does not meet the requirement of measuring interference in fixed and flexible subframe separately in a same half frame. Therefore a CSI-IM periodicity of less than 5ms may be required
For UEs configured in TM10 and capable of multiple CSI processes, it should be supported that CSI-IM resources are configured in both fixed and flexible downlink subframes.
Proposal 3: 

It is proposed to discuss and specify on the following to support dual CSI measurement/reporting in TDD eIMTA.
· Restricted measurement subframe sets in CA Scell

· CSI feedback on a single PUSCH for both subframe sets
· CSI-IM periodicity of less than 5ms

· CSI-IM resources configured in both fixed and flexible downlink subframes
3 Conclusions
In this contribution, UE measurments in TDD eIMTA were discussed, in particular UE mobility measurments and DL CSI measurments. Given the discussions and analysis above, we have the following proposals:
 Proposal 1:

For TDD eIMTA enabled UEs, RLM/RRM measurements are performed in the same way as legacy UEs, i.e. using the downlink subframes given by the SIB-1 configuration.
Proposal 2:

At most two DL subframe sets for separate CSI measurement/reporting are supported in TDD eIMTA. 

Proposal 3: 

It is proposed to discuss and specify on the following to support dual CSI measurement/reporting in TDD eIMTA.

· Restricted measurement subframe sets in CA Scell

· CSI feedback on a single PUSCH for both subframe sets

· CSI-IM periodicity of less than 5ms

· CSI-IM resources configured in both fixed and flexible downlink subframes
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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 measured subframe
· Single CSI measured in SF#0

· Dual CSI measured in SF#0 and one of the flexible subframe configured as downlink

· Multiple CSI measured in SF#0 and each of the flexible subframe configured as downlink
-- A minumum 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
	Cell average packet throughput

	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
	Dynamic cell clustering interference mitigation
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