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1 Introduction
At the RAN1#74 meeting, the DL measurements enhancements have been discussed to facilitate DL-UL interference mitigation techniques in LTE-TDD systems with dynamic UL-DL reconfiguration. The RAN1 WG has made the following agreement [1]:

· 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
At the RAN1#75, it was additionally agreed that:

· Aperiodic CSI feedback shall be supported for all the configured measurement subframe set(s)

In this contribution, we provide our views on the remaining aspects of CSI measurement enhancements for LTE-TDD eIMTA systems.
2 Signaling of Subframe Measurement Sets
It was agreed that up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report. The mechanism of resource-restricted CSI measurements is already supported in LTE specification. The RRC signaling can configure measurement subframe patterns for UE with two independent sets of subframes 
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, that are not permitted to overlap.
In application to LTE-TDD eIMTA, the existing CSI measurement subframes sets and signaling can be reused. In this case, one of subframe sets may point to SIB1 static DL subframes. The second subframe set can serve for UE measurements conducted on flexible subframes, when those are converted to DL. The need for dynamic indication of subframe measurement sets is not justified. First of all, in case of non-ideal backhaul and multiple interfering cells, the benefits of dynamic reconfiguration of the CSI measurement subframes, are not evident, due to backhaul latency. The serving cell may not know the actual UL/DL configuration in neighboring cells and thus cannot properly control interference environment for given subframe type. In this case, even if CQI captures instantaneous interference conditions, it may not be applicable for the next frame since neighbor cells may change UL/DL configuration independently. On the other hand if UL/DL re-configuration is coordinated as in cell-clustering solutions for DL-UL interference management, there is no need to apply different CQIs, since neighbor cells use the same transmission direction. Secondly, the overall CQI measurements and reporting for flexible subframes is more an optimization problem. In considered small cell deployments, the CQI is rather high and as it was shown in multiple evaluations, it becomes even better at the flexible subframes, when part of eNodeBs operates in UL. Therefore from the system level perspective, the DL link adaptation gains from using different CQIs on different subframe types are very limited. It should be also noticed that outer loop adaptation principles can be used to adjust CQI used at the flexible subframe set based on CQI report from the static subframe set only. If the UE-UE interference is concerned, then it can be detected, if the measurement is conducted over flexible subframes. It should be noticed that probability of this interference is rather low, but it cannot be completely excluded from the consideration in practical systems.
Based on the discussion above, we believe that semi-static signaling of the two CSI measurement subframe sets is sufficient and is the natural way to support CSI measurement enhancements in LTE-TDD systems.
· Mechanism of semi-static signaling of two subframe measurement sets is reused for eIMTA CSI measurement support including carrier aggregation case.
3 CSI Measurements
For CSI information reporting, the both channel and interference measurements are needed [2]. In DL, the channel measurements can be done on static DL subframes, while the interference measurements may need to be conducted on both DL static and flexible subframes. For TMs 1-9, the interference is measured using CRS signals, while channel estimation for CSI reporting is done either using CRS or CSI-RS depending on TM. Therefore assuming that CRSs are transmitted on flexible subframes and CSI-RSs are transmitted on static subframes the whole set of CSI measurements may be generated on both regular and flexible subframes. However, for TM10 the interference measurements are conducted using CSI-IMs. These resources were introduced in LTE Rel-11, to support CSI feedback for downlink CoMP systems.

The CSI-IM represents a set of physical resource elements configured by the network for interference measurements. In specification, the CSI-IM is defined by two parameters – subframeConfig and resourceConfig, which describes the set of downlink subframes and resource elements respectively, where CSI-IM is transmitted. In addition, in Rel-11 CSI-IM configuration is restricted to be always a subset of resource elements configured as zero-power CSI-RS.

From practical consideration, the support of interference measurements for eIMTA using single CSI process is always preferable. Moreover, the single CSI process should be considered as a minimum UE capability. However, with single CSI process, only one CSI-IM configuration can be supported by the UE. In this case, it might be not possible to have CSI-IM resource transmissions residing on different types of downlink subframes (flexible and static). This is due to CSI-IM periodicity of multiple of 5ms.

One simple solution to support CSI measurements over two subframe sets is to extend CSI-IM configuration to have one more parameter subframeConfig2. In this case, the independent interference measurements for flexible and regular subframes can be achieved by using subframe sets. Figure 1 illustrates the proposed extension to CSI-IM configuration.
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Figure 1: Extended CSI-IM configuration

Finally it should be noted that with help of additional resourceConfig2 parameter (in addition to subframeConfig2) it might be possible to achieve CSI-IM hopping, which is needed to randomize CSI-IM collisions among neighboring cells [3].

· The single CSI process should be supported as minimum capability for eIMTA capable UEs.
· For TM10 CSI enhancements, we suggest to extend CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2.

It can be argued, that extension of CSI-IM configuration with the second subframeConfig results in periodical and semi-static allocation of the 2nd CSI-IM resources in flexible subframes and thus interference cannot be measured in all flexible subframes. In addition, when dynamic UL/DL configuration is updated, it may happen that there is no CSI-IM resource in certain frame. However it should be noticed that such situation also frequently happens in case when dynamic IMRs are indicated, since the SIB1 (UL-favored) UL/DL configuration may be often selected by serving eNB.

The additional flexibility to measure interference using dynamically allocated CSI-IM resources on flexible subframes will increase specification effort, as well as UE and eNB implementation complexity, without providing performance benefits. The reason is that in low and medium system loadings, the DL or UL (SIB1) favored UL/DL configuration are used with much higher probability (see Figure 2, note that the frames without any traffic in UL and DL are excluded from the statistics). Moreover, in practical scenarios, the probability of selecting DL or UL (SIB1) favored UL/DL configurations can be further increased by restricting the set of UL/DL configurations applied for traffic adaptation. Our system level study presented in Figure 3 clearly shows that the restricted set of UL/DL configurations provides even slightly better performance comparing to the case when all legacy UL/DL configurations are used for traffic adaptation. Therefore we can conclude that there is no benefit to overcomplicate TM10 operation by dynamic allocation of CSI-IM resources in flexible subframes.
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	Figure 2. Probability of UL/DL configurations for low and medium system loading 
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	Figure 3. DL and UL packet throughput under restricted and non-restricted set of UL/DL configurations 


4 CSI Reports

There are two CSI reporting modes defined in LTE: aperiodic and periodic. For eIMTA system, support of both CSI reporting may be desirable to assess interference environment in two subframe measurement sets.

For CSI reporting, the CSI reference resource is explicitly defined by LTE specification. In time domain, it is defined as
· for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

For periodic mode, the CSI reference resource is a valid downlink subframe which is at least four subframes away from the subframe configured as a reporting instance. For periodic CSI reporting, the eNodeB, may configure CSI reporting instances for different measurement subframe sets on UL static or on flexible subframes. In general, it is possible to configure both reporting instances on UL static subframes, even if only one static subframe is available. However, the reporting period is likely to increase in that case. Another alternative is to configure reporting instances on flexible subframes. In this case, the report may be sent only if current subframe is used for UL transmission. However, eNodeB can still control it by selecting proper UL/DL configuration. Although it should be noticed, that static UL subframes may be a more reasonable choice in terms of reliability.
For aperiodic mode, the CSI reference resource is linked to the DL subframe, where UL grant (that triggers aperiodic CSI report) is sent. Therefore DL subframes from the different subframe measurement sets should be used to trigger aperiodic reports for different subframe measurement sets. In particular, in order to trigger CSI report for flexible subframe, the UL grant with aperiodic report trigger should be sent on one of the flexible subframes. The latter one contradicts RAN1 WG agreements that the DL favored UL/DL configurations 2, 4, 5 are used for DL HARQ timeline and SIB1 UL/DL configuration is used for UL HARQ timeline. In this case, the DCI transmitted on flexible subframe cannot be used for scheduling UL grant and thus aperiodic report will not be triggered. 
The simple solution to this problem is to reuse bitmap patterns, semi-statically configured for CSI subframe measurement sets. The UE may be configured by higher layers with resource-restricted CSI measurements: subframe sets 
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 corresponds to static subframes and 
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 indicates set of flexible subframes. According to the legacy operation, these bitmap patterns should be mutually exclusive. In eIMTA systems, the set of SIB1 static DL subframes and the set of flexible subframes are known to UE, through the SIB1 and DL reference UL/DL configurations. These subframes are also mutually exclusive. Therefore without introducing ambiguity, the overlapped combination of bits {1, 1} in bitmap patterns {
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} can be used to indicate subset of static DL subframes for triggering aperiodic CSI report for 
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. The remaining DL static subframes, marked as {1, 0} in bitmap patterns {
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} can be used for aperiodic CSI triggering of CSI report for subframe set
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 (see illustration in Figure 4. ). 
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Figure 4. Aperiodic CSI report triggering for CCSI,0 and CCSI,1.
· Use logical AND operation of CCSI,0 and CCSI,1 bitmap patterns to mark static SIB-1 DL subframes for triggering aperiodic CSI reports for the flexible subframe set i.e. CCSI,1.
In our view, this proposal requires minimal specification changes and also consistent with current principles for aperiodic CSI reporting principles. Alternative solution that may be also considered is to use CSI request field in UL grant to determine the CSI measurement subframe set to be reported. In this case, higher layer signaling may configure the CSI measurement subframe set to be reported for each state of the existing CSI request field.

5 PUCCH Report Collision Handling
In current LTE specification, only one periodic CSI report can be transmitted by PUCCH format 2/2a/2b on the PCell. If more than one periodic CSI transmission coincide in a subframe, only one periodic CSI report is transmitted and the remaining ones should be dropped. In particular, if PUCCH format 2 is used for periodic CSI transmission, only one CSI of the multiple serving cells in case of CA; only one CSI of the multiple CSI processes (in case of DL CoMP), and only one CSI among two CSI subframe sets (in case of CSI measurements subframe sets of eIMTA) can be selected for the transmission in the uplink. The periodic CSI reports are transmitted over PCell. When eIMTA operates on multiple carriers with two CSI measurement subframe sets the problem becomes more pronounced and the CSI report priorities or dropping rules should be defined.
· For periodic CSI reporting, define CSI report priorities/dropping rules when eIMTA operates on multiple carriers with two different CSI measurement subframe sets.
6 Conclusions

In this contribution, we discussed the CSI enhancements for eIMTA support. Our previous system level analysis has shown only marginal performance improvement when two sets of subframes are used for interference measurements CSI reporting [4]. The additional enhancement can be considered as an optimization problem however may be useful in practical systems to detect UE-UE interference or difference in CQI values between static and flexible subframes. In order to support CSI enhancement for eIMTA framework we have following proposals:
· Mechanism of semi-static signaling of two subframe measurement sets is reused for eIMTA CSI measurement support including carrier aggregation case.
· The single CSI process should be supported as minimum capability for eIMTA capable UEs.

· For TM10 CSI enhancements, we suggest to extend CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2.
· Use logical AND operation of CCSI,0 and CCSI,1 bitmap patterns to mark static SIB-1 DL subframes for triggering aperiodic CSI reports for the flexible subframe set i.e. CCSI,1.
· For periodic CSI reporting, define CSI report priorities/dropping rules when eIMTA operates on multiple carriers with two different CSI measurement subframe sets.
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Appendix - System Level Simulation Assumptions
In this section, we provide system level simulation assumptions used for our analysis presented in section 3. We have analyzed the TA + UL power control based in interference mitigation schemes for different traffic loadings using restricted and unrestricted set of UL/DL configurations.
Table 1. Simulation assumptions
	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

	Scheduler
	FIFO

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations was 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 and UE throughput capabilities.

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

	Outdoor Pico DL power control
	Maximum power

	UE UL Power control
	Open Loop Power Control,

Regular subframes: P0 = -76 dBm, α = 0.8

Flexible subframes: P0 + ∆P0, where ∆P0 is semi-statically configured per each cell taking into account interference from DL. Maximum ∆P0 is limited by 20 dB

	Set of TDD UL-DL configurations
	Two scenarios:

· The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations
· Only UL-favored #0 and DL-favored #5 are allowed

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is modelled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). 

	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 with ratio of DL and UL arrival rate = 2/1

	HARQ modeling
	HARQ is modeled in combination with RLC Acknowledged Mode. Maximum 4 HARQ transmissions are used.

	HARQ retransmission scheme
	CC
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