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1. Introduction
In RAN#74 [1], the following has been agreed regarding CSI measurement and reporting in TDD eIMTA:

· In DL, up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

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

In this contribution, we discuss the remaining details of CSI measurement and related reporting schemes in eIMTA. 
2. Transmission modes
Although eIMTA is a Rel-12 feature, we should maintain its good backward compatibility so that the current techniques in the specifications can be reused as much as possible in the application scenario of eIMTA. Thus, all the existing transmission modes should be supported for eIMTA UEs. Although different transmission modes can be applied in fixed and flexible subframes technically, we prefer not to switch transmission mode across these two different types of subframes because it may cause ambiguity of CSI feedback and increased UE processing complexity. 
Proposal 1: All transmission modes should be supported for UEs with eIMTA capability. And transmission mode switch is not allowed across fixed subframes to flexible subframes.
According to [2], CRS is used for interference measurement in TM1-9. Thus, in order to support TM1-9, CRS should be always supported in flexible normal subframes. 
Proposal 2: CRS should be always supported in flexible normal subframes.
3. CSI measurement

According to [2], CSI measurement includes both channel and interference measurement.  And in eIMTA system, up to two subframe sets can be configured to separately measure the different interference level in fixed and flexible subframes. With regard to related signaling, the subframe set pattern can be notified to UEs in dynamic or semi-static way. Although dynamic signaling could track the rapid fluctuations of interference situation in different flexible subframes, estimated interference should be averaged in a long term to provide the measurement accuracy, especially in eIMTA system where interference is impacted by traffics status. What’s more, the existing signaling of Rel-10 eICIC can be reused herein. Thus, semi-static signaling of subframe set pattern is preferred.
Proposal 3: Support semi-static signaling of CSI measurement set pattern, and the Rel-10 eICIC signaling can be reused. 
For TM1-9, the interference is measured with CRS, while channel information is measured with CRS in TM1-8 and CRI-RS in TM9. Thus, with CRS always existing in flexible subframes, we can just reuse the restricted subframe measurement in Rel-10 eICIC to provide separate interference measurements for eIMTA UEs. However for TM10, interference is measured with CSI-IM/IMR [2], and the current restriction on CSI-IM configuration makes it hard to have two measurement sets [4-6]. There were extensive discussions about this problem in previous meetings. As follows, we list the possible alternatives, and analyze the pros and cons of them.
Alt 1: Single CSI process with restricted measurement set
It was proposed in [7] where Rel-10 measurement set mechanism is reused and a UE can be configured with two CSI-IM resource configurations for a single CSI process. As indicated in [4], this scheme could support single CSI process capable UEs after removing the restriction that all CSI-IM resources must be covered by one ZP-CSI-RS configuration. However, there are a few aspects of this scheme may need further consideration. Firstly, it will have to introduce new RRC signaling design, e.g. additional parameters sets subframeConfig2 and resourceConfig2 [6], which need further standardization efforts. Secondly, two CSI-IM configurations in one CSI process may lead to new rate matching behavior of eIMTA UEs. Thirdly, since UE has to perform two measurements for one CSI process, it may screw up measurement delay related relaxation as in CoMP case, i.e. whether this one CSI-RS process is counted as 1 or 2 processes. Finally, UE may have to wait for a long time to measure CSI of flexible subframes in a UL-heavy scenario. This will cause outdated CSI report.  
Alt 2: Aperiodic CSI-IM

It was proposed in [8] where aperiodic CSI-IM resource is introduced for interference measurement in flexible subframes. This scheme supports single CSI process capable UEs, and it has pros of higher configuration flexibility. However, similar to Alt1, the ZP-CSI-RS restriction also needs to be removed, and measurement delay needs further consideration. What’s more, aperiodic CSI-IM may bring L1 trigger signaling design and corresponding rate matching problems. In addition, as shown in figure 1, TDD configuration 0 and configuration 5 are selected with a very high probability in a typical eIMTA scenario, whose simulation parameters are listed in table 1 of appendix. Obviously, there will not be much interference difference among the different flexible DL subframes because TDD configurations 0/5 have the same inter-cell interference impact on all the flexible subframes. Thus, the benefit of introducing aperiodic CSI-IM is not clear.
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Figure 1 Distribution of TDD configuration selection (DL:UL=1:1 packet/second)
Alt 3: Multiple CSI process based CSI measurement
It was proposed in [9-10] where multiple CSI processes of Rel-11 CoMP are reused and one CSI process is configured in flexible subframes. This scheme needs to remove the ZP-CSI-RS restriction, and also suffers the measurement delay. In addition, it could only support UEs with at least 2 CSI processes capability.
Alt 4: Anchor based CSI measurement
It was proposed in [11] where multiple CSI processes are configured in anchor subframes to emulate interference in flexible subframes. This scheme has no specification impact where ZP-CSI-RS restriction doesn’t need to be removed. And there is no measurement delay concern since we can always measure interference in fixed subframes. The cons of this scheme mainly include three points. Firstly, it could only support UEs with at least 2 CSI processes capability. Secondly, the accuracy of interference emulation needs further evaluation. Finally, as indicated in [12], there may be some legacy impact when CSI-IM collides with transmissions to legacy UEs in anchor subframes than in non-anchor subframes. On the other hand, eIMTA is unlikely to be used when the performance of legacy UEs is the deciding factor (due to the need to configure UL-heavy SIB-1 configuration), so this does not appear to be a main concern.   
In brief summary, although Alt1 and Alt2 could support single CSI process capable UEs, they need further discussions about the signaling and rate matching behaviors. Alt3 needs to remove the ZP-CSI-RS restriction. The removal of the restriction would cause problems to maintain consistent rate matching using the existing ZP-CSI-RS configuration. Even if it is agreed to remove this restriction, it shall be done only for eIMTA capable UEs instead of all Rel-12 UEs. Alt4 has no spec impact and measurement delay concern although it makes a requirement of UE CSI process capability. Considering the tight scheduling of RAN1, we prefer Alt4. Thus, we propose
Proposal 4: UEs with eIMTA capability should support at least 2 CSI processes.
Proposal 5: Adopt anchor based CSI measurement.

Proposal 6: It is not necessary to remove the restriction that all CSI-IM resources must be covered by one ZP-CSI-RS configuration. Even if it is agreed to remove this restriction, it should be only for eIMTA capable UEs instead of all Rel-12 UEs and only in flexible subframes.
4. CSI reporting

CSI reporting includes periodic and aperiodic feedback [2]. Both of them have potential problems to be addressed for practical eIMTA deployment.

4.1. Periodic CSI

Dynamic TDD reconfiguration will introduce some issues to periodic CSI (P-CSI) reporting, including:

· Loss of reporting opportunity: if a UE is configured to report P-CSI in PUCCH of a subframe which is reconfigured to DL, the CSI reporting opportunity is lost.
· Support of periodicity ≤ 5ms: for TDD periodic CSI reporting, the periodicity depends on the TDD configuration [2]. For example, periodicity 
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does not support configuration 3/4/5, and 
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does not support configuration 2/5.
There are several approaches to solve these problems.  For example, it can be up to eNB/UE implementation, e.g., UE will not transmit PUCCH in the DL indicated by L1 signaling. Another possible way is to reuse the reference configuration timeline similar to DL HARQ in eIMTA [13], so that UEs will always report P-CSI in fixed uplink subframes, e.g., UE could use configuration #5 as the reference, and P-CSI is always reported in subframe #2. We prefer the second approach because it maintains the principle of reference configuration design.
Proposal 7: UE reports P-CSI only in fixed UL subframes.
4.2. Aperiodic CSI
Aperiodic CSI (A-CSI) has timeline problem due to fast TDD reconfiguration [9][12], and reference configuration timeline is one solution. Similar to UL HARQ design in eIMTA, SIB-1 TDD configuration, e.g. #0, can be used as the reference timeline. However, it will introduce another problem if CSI measurement schemes Alt1/Alt2/Alt3 are applied. That is, CSI request can only be sent in anchor subframes according to timeline of configuration #0, and thereby the reference subframe for CSI estimation is always anchor subframes [2], and no reference for A-CSI report. For this problem, [14] proposed 3 possible alternatives:
· Alt 1: Subframe location determines the CSI measurement subframe set to be reported.

· Alt 1-1: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets.
· Alt 1-2: Each UL subframe in which aperiodic CSI is reported is associated with one of the two CSI measurement subframe sets.

· Alt 2: CSI request field in UL grant determines the CSI measurement subframe set to be reported.

· Alt 2-1: An additional bit is added to the A-CSI request field in UL grants to indicate the CSI measurement subframe set to be reported.

· Alt 2-2: Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).

· Alt 3: UE reports CSI for both sets whenever two CSI measurement sets are configured.
Alt1 will decrease the scheduling flexibility and corresponding traffic adaption gain of eIMTA. What’s more, additional standardization efforts are needed to define the associations between subframes and report type for different SIB-1 TDD configurations. Thus, Alt1 needs further consideration. Alt2 and Alt3 are both feasible. Among them, we have a slight preference to Alt2-2 because Alt2-1 will introduce new DCI field and Alt3 will increase UE processing complexity. 
Proposal 8: If CSI measurement schemes Alt1/Alt2/Alt3 are applied, A-CSI scheme Alt2-2 should be given priority. 
There are a few aspects that may need further consideration for Alt2-2. Firstly, when eNB triggers a flexible CSI feedback in a UL-heavy scenario, e.g. TDD configuration #0, there may be no available DL flexible subframes for measurement. Some UE/eNB behaviors may have to be defined for this case. Secondly, when UE enters fallback state due to missing reconfiguration signaling [15-16], it may measure CSI in some flexible UL subframes and cause wrong report of CSI. As possible solutions to such two problems, we could report previous CSI or redefine some UE behavior in fallback mode.
Proposal 9: Details of A-CSI scheme Alt2-2 need further study. 
On the other hand, the above problems of supporting flexible CSI report do not exist with CSI measurement scheme Alt4, i.e. anchor-based CSI measurement. A-CSI feedback schemes of CoMP can be reused, e.g. multiplex reporting.

Proposal 10: If anchor-based CSI measurement is applied, A-CSI reporting schemes of CoMP can be reused. 
5. Conclusions

In this contribution, we discussed the remaining details of CSI measurement and reporting in eIMTA. In particular, we propose:
Proposal 1: All transmission modes should be supported for UEs with eIMTA capability. And transmission mode switch is not allowed across fixed subframes to flexible subframes.
Proposal 2: CRS should be always supported in flexible normal subframes.

Proposal 3: Support semi-static signaling of CSI measurement set pattern, and the Rel-10 eICIC signaling can be reused.
Proposal 4: UEs with eIMTA capability should support at least 2 CSI processes.

Proposal 5: Adopt anchor based CSI measurement.

Proposal 6: It is not necessary to remove the restriction that all CSI-IM resources must be covered by one ZP-CSI-RS configuration. Even if it is agreed to remove this restriction, it should be only for eIMTA capable UEs instead of all Rel-12 UEs and only in flexible subframes.
Proposal 7: UE reports P-CSI only in fixed UL subframes.
Proposal 8: If CSI measurement schemes Alt1/Alt2/Alt3 are applied, A-CSI scheme Alt2-2 should be given priority. 
Proposal 9: Details of A-CSI scheme Alt2-2 need further study. 
Proposal 10: If anchor-based CSI measurement is applied, A-CSI reporting schemes of CoMP can be reused.
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Appendix – 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
	1Tx, 1Rx

	UE antenna configuration
	1Tx, 1Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations are 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.

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

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

	Set of TDD UL-DL configurations
	All seven TDD UL-DL configurations 

	Small scaling fading channel
	ITU UMa

	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 

	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

	Arrival rate
	UL=DL=1 packet/second
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