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1 Introduction

In the RAN1#74 meeting, the following was agreed on interference mitigation:

· following information exchange is supported on the  backhaul to enable interference mitigation in TDD eIMTA
· Subframe or subframe-set dependent OI is supported, where  OI captures at least the total interference 

· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration

·  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 focus on E-UTRAN/UE measurements, backhaul coordination, and signaling.

2 UE measurements on flexible subframes 
According to the agreements in RAN1#74, separate CSI measurement/report can be allowed for two subframe sets which are suffering different interference types. One subframe set only suffers DL-DL interference which can be measured based on CSI-RS/CSI-IM on fixed subframes, e.g. subframe #0/#1/#5#/#6. Another subframe set will suffer both DL and UL interference from neighboring eNB(s) which needs to be measured on flexible subframes. 
However, for eIMTA, since the UL-DL configuration could be dynamically changed, the periodic CSI-RS/IM configured on flexible subframes does not exist when the subframes are used as uplink subframes. To solve this problem, two solutions are given:
Solution 1: aperiodic CSI-RS/IM resource configuration
With this method, aperiodic CSI-RS and aperiodic CSI-IM will be transmitted only when aperiodic CSI reporting is triggered. In this way, eNB would not configure the measurement resource on the flexible subframes that are used as UL subframes. This method can meanwhile save the overhead of measurement resource when no measurement needs to be performed.
The aperiodic CSI-RS / CSI-IM resource can be triggered by DL assignment or UL grant.
· By DL assignment
DL assignment can be transmitted on any DL subframes including fixed DL subframe and flexible DL subframe. If aperiodic CSI-RS / CSI-IM resource needs to be configured on a flexible subframe, a DL assignment with embedded aperiodic CSI indicator can be sent and UE will measure CSI-RS / CSI-IM on the flexible subframe. However, if there is no PDSCH transmission on the flexible subframe, no DL assignment can be found or a DL assignment dedicated to aperiodic CSI indicator needs to be sent. 
· By UL grant
It is beneficial to use aperiodic CSI reporting to carry aperiodic CSI-RS / CSI-IM measurement results, so CSI request in UL grant can be reused to trigger aperiodic CSI-RS / CSI-IM resource. However, if UL grant only transmits on fixed DL subframes (e.g. when UL-DL configuration 0 is configured as UL reference scheduling timing) , an offset needs to be configured to the UL grant to trigger aperiodic CSI-RS / CSI-IM resource on a flexible DL subframes.

According to the above discussion, we have the following observations. By DL assignment, additional DCI bit indicating aperiodic CSI resource needs to be introduced in DL Assignment and a dedicated DL assignment may be needed if there is no PDSCH. By UL Grant, no extra overhead will be introduced but an offset needs to be configured.  Considering the cons and pros, similar to a-SRS triggering mechanism, it is preferred that the aperiodic CSI-RS / CSI-IM resource can be triggered by both of DL assignment and UL grant.

Solution 2: modified periodic CSI-RS/IM resource configuration
With this method, the eNB configures periodic CSI-RS/IM in flexible subframes and fixed subframes respectively, with one or more than one subframe sets for flexible subframes. When a flexible subframe configured with CSI-RS/IM is used as uplink subframe, the corresponding CSI-RS/IM can be moved to another flexible subframe within the same subframe set that is used as downlink, e.g, the latest flexible DL subframe before the configured subframe. As shown in figure 1, subframe#3, #4, #8 and #9 compose a subframe set and eNB configures periodic CSI-RS/IM on subframe#8. When subframe#8 is used as UL, the periodic CSI-RS/IM resource configured in that  subframe can be moved to subframe#4, since subframe#4 is the latest available DL subframe within the same subframe set as subframe#8. 
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Figure 1. Periodic CSI-RS/IM resource is moved from subframe 8 into subframe 4
Both solutions should be further considered，solution 1 is more flexible since the aperiodic CSI-RS/IM can be triggered anytime while solution 2 has less standard impact.
· Proposal 1: The following two solutions should be considered further for CSI measurement on flexible subframe.
· Solution 1: Aperiodic CSI-RS and aperiodic CSI-IM resource configuration
· Solution 2: Modified periodic CSI-RS/IM resource configuration
· Proposal 2: The aperiodic CSI-RS / CSI-IM resource can be triggered by both of DL assignment and UL grant.

3 E-UTRAN measurements and backhaul coordination
1) eNB-eNB measurement

According to the discussion in [2], eNB-eNB measurement is needed to obtain the large-scale fading. It is not expected to be performed on fixed DL subframes, since it would bring unreliable RRM, RLM and CSI measurement for legacy UEs, and impact for the reception of PSS, SSS, paging and PBCH. Thus, the eNB-eNB measurement is preferred to be performed on the flexible subframes when the serving cell is configured for UL transmission and neighbor cells are configured for DL transmission. 
Considering the slow variation of eNB-eNB large-scale fading, CRS transmitted in flexible DL subframes with longer periodicity can be used for measurement. 
During eNB-eNB measurement period, CRS does not cause interference to neighbor cells in flexible subframes when neighbor cells receive CRS to measure eNB-eNB large-scale fading. 
Observation 1: CRS can be configured for eNB-eNB measurement on flexible subframes.
2) Exchanging UL-DL configuration 
According to the agreements in RAN1#74, information about a cell’s intended UL-DL configuration can be  exchanged on the  backhaul to enable interference mitigation in TDD eIMTA.

However, considering transmission delay over X2 interface (60ms) and deployment cost of X2 connections, exchanging TDD radio frame configurations over air interface through a dedicated physical layer signals should be considered. As discussed in [4], listening reference signal (LRS) can be used to carry UL-DL configurations.
As shown in figure 1, compared to SDIM with 60ms UL-DL configuration exchanging periodicity, SDIM with 10ms UL-DL configuration exchanging periodicity can achieve 2~3% gain for UL average packet throughput and 9~10% gain for UL cell-edge packet throughput.
Proposal 3: Exchanging UL-DL configuration among eNBs via air interface can be considered. 
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Figure 2. UL Packet throughput gain (compared with fixed UL-DL configuration 1)
4 DL transmission mode 

On the flexible subframes, reported CSI could be unreliable due to frequent interference variation. In this case, SFBC as a robust transmission mode will be useful. On the other hand, it is observed that CRS would cause inter-cell interference in flexible subframes, and not supporting CRS-based transmission can save CRS overhead on flexible subframes to reduce the interference. Therefore, we propose to support configurable CRS or reduced CRS on flexible subframes. In this case, new signaling may need to be defined to indicate UEs whether CRS is configured on a flexible subframe or not.

Proposal 4: CRS can be configured on flexible subframes to support CRS based DL transmission.

5 Conclusion

In this contribution, E-UTRAN/UE measurements, backhaul coordination, and signaling for eIMTA are discussed. The following observations and proposals are provided:
For UE measurement:
· Proposal 1: The following two solutions should be considered further for CSI measurement on flexible subframes.

· Solution 1: Aperiodic CSI-RS and aperiodic CSI-IM resource configuration
· Solution 2: Modified periodic CSI-RS/IM resource configuration
Proposal 2: The aperiodic CSI-RS / CSI-IM resource can be triggered by both of DL assignment and UL grant.
For E-UTRAN measurements and backhaul coordination

· Observation 1: CRS can be configured for eNB-eNB measurement on flexible subframes.
· Proposal 3: Exchanging UL-DL configuration among eNBs via air interface can be considered. 
In addition, for robust transmission on flexible subframes suffering high interference

Proposal 4: CRS can be configured on flexible subframes to support CRS based DL transmission.
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Appendix A. Simulation results
In this simulation, UL-DL reconfiguration with SDIM is evaluated. First, TDD UL-DL configuration is exchanged between cells. Both10ms and 60ms exchanging periodicity are evaluated. Second, interference type is identified for each UL flexible subframe with PUSCH transmission. Third, different CSI measurement results are achieved for subframes with different interference type. Fourth, all the UL subframes are divided into two sets, the subframes suffering strong cross-link interference compose one set, and the others compose another set.  Finally, outer loop link adaptation (OLLA) is configured separately for each subframe set, and then MCS and UL OLPC for each subframe set are adjusted based on its own OLLA.

The comparisons between 10ms and 60ms UL-DL configuration exchanging periodicity are shown in figure 1. The simulation assumption is shown in table 1. 
Table 1. Simulation assumption

	Parameter
	Assumption

	Evaluation scenario
	Scenario 3: Multiple outdoor pico cells deployed on the same carrier frequency

	Simulation case
	Case 1. All pico cells have the same UL-DL configurations

Case 2. Applying adaptive UL-DL configuration in pico cells without any interference mitigation schemes.
Case 3. Applying adaptive UL-DL configuration in pico cells with interference mitigation schemes. 

	PDCCH symbol number
	2

	Traffic model
	· FTP model 1, 0.5 MByte file size;

· Data arrival ratio of DL to UL is 2:1, λDL= {1, 2};

· All the Picos have the same arriving rate.

	Antenna configuration
	DL: 2x2 codebook-based SU-MIMO

UL: 1x2 SIMO

	Small scale fading Channel 
	TU for Pico-UE, UE-Pico and UE-UE.

	Penetration loss
	20dB for eNB-UE/UE-eNB/UE-UE

0dB for eNB-eNB

	DL CSI feedback type
	PUCCH mode 1-1, 10ms wideband CQI/PMI period, 40ms RI period

	UL Sounding
	Last UL symbol in subframe#1, 10ms period

	Channel estimation
	Ideal

	Scheduler
	Latency based PF scheduler 

	HARQ modeling
	· Asynchronous HARQ for UL and DL;

· Retransmission scheme: CC;

· Max retransmission times: 2;

· RLC ARQ is modeled.

	DL power control
	Not modeled

	UL power control
	open-loop: alpha = 0.9; Po=-82dbm for subframes without strong cross-link interference, Po=-77dbm for subframes suffering strong cross-link interference

	DL_UL reconfiguration algorithm
	· Reconfiguration based on the UL and DL traffic load (History reference is considered);

· Seven TDD configurations defined in Rel-8 are used.

	Time scale for reconfiguration
	10ms








_1437576787.vsd

