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1 Introduction

In the LS [1], RAN2 is asked to take the RAN1 agreements into account in further work on RLM/RRM/CSI measurements. As known, Time Domain (TDM) based eICIC in HetNet limits the aggressor transmission during subframes specified by the eNB. In this way, UEs in the victim cell can avoid the severe interference generated by the aggressor cell. The TDM based eICIC, mainly includes two candidates: almost blank subframes (ABS) and MBSFN subframes. 
This document is intended to analyze the impact and the introduced further work on UE measurements from RLM/RRM/CSI measurement aspects.
2 Discussion
The table below provides the profile of the impact on RLM/RRM/CSI measurement, and the following sections would further illustrate the impact and the introduced standardization work on RAN2 in detail.
Table 1. Profile of the impact on RLM/RRM/CSI measurement in TDM case

	UE location
	Measurement cell
	RLM
	CSI
	RRM-RSRP
	RRM-RSRQ

	UE in aggressor cell
	measurement on serving cell
	NULL
	NULL
	NULL
	NULL

	
	measurement on neighbour victim cell
	NA
	NA
	NULL
	Impact

	UE in victim cell
	measurement on serving cell
	Impact
	Impact
	NULL
	Impact

	
	measurement on neighbour aggressor cell
	NA
	NA
	NULL
	NULL


Notes: The UE in the victim cell here mainly refers to the UE that experience strong interference from the aggressor layer.
Additionally, there is no specific definition of the ABS or MBSFN concept in current RAN1 LS. In order to facilitate the further study in RAN2/3, we propose RAN2 to ask RAN1 to provide a more precise definition of the ABS or MBSFN applied to eICIC. But in the following sections we still elaborate the analysis by referring to the discussion in RAN1.
Proposal 1: In order to facilitate the further study in RAN2/3, we kindly ask RAN1 to provide a specific definition of the ABS or MBSFN concepts applied to eICIC.
2.1 RLM
In R8/9, the UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the serving cell by indicating the out-of-sync/in-sync status to upper layers.
UE in aggressor cell
In case of ABS mode, the CRS in aggressor cell is transmitted as current R8/9. And in case of MBSFN mode, UE could ignore the data region without unicast CRS in MBSFN subframe. Besides, the interference level from the victim cell does not change. Therefore, there is no impact on the UE RLM in such cell. 
UE in victim cell

In aggressor cell, the ABS mechanism is assumed that no PDCCH, PHICH and PCFICH in the mute sub-frame of aggressor cell. Hence, there is a low interference level in the victim cell in the subframes that are aligned with the ABSs, and such kind of resources is available. For the other subframes without alignment with the ABS subframes, harsh interference would be experienced. However, according to current radio link detection mechanism, UE estimates the mean value of SIR based on CRS on last 20 radio frames, and may always measure the subframes which are not scheduled for the UE. Consequently, in case of UE in victim cell, the evaluation result may always suffer, which may further lead the UE to detect the out-of-sync while in fact the UE could have worked well in eICIC scenario. 
If we want to grant the possibility of the UE to maintain an available communication link and work smoothly in the victim cell, two possible mechanisms could be considered. One is to introduce some new signalling to notify the UE of the restricted measurement resource and to communicate the time partition information between the aggressor and victim cell, which means an enhanced work in RAN2 to support the subframe specific radio link monitoring function. Alternatively, RAN4 group should re-evaluate the requirement of the threshold Qout and Qin.
Observation 1: Some issue exists for R8/9 UE RLM mechanism to support TDM-based the eICIC in R10.  Standardization work in RAN2 may be needed unless RAN4 group could re-evaluate the requirement of the threshold Qout and Qin.
2.2 CSI 

UE in aggressor cell
 
As the above analysis in RLM, there is no impact in this case.

UE in victim cell
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Figure 1.  Example of subframe allocation in TDM based eICIC case

In R8 CSI feedback mode, the UE feeds back CSI information, which is a mean value estimated over the entire evaluate period or eNB configured time instances. In the TDM case, following R8 measurement mechanism, a UE that measures the CSI based on the victim cells will experience rapidly varying interference, which may lead the eNB to select an improper MCS/PMI/RI. 
Take the figure 1 as an example, the highlighted subframe # 1, #3 and #7 are configured as ABS/MBSFN. If the eNB selects the MCS of the UE performing on subsequent subframe #4 based on the CQI report of the subframe #3, the selected MCS is probably not applicable for the subframe #4, in which the interference level is higher than in subframe #3. Consequently, the value of BLER will increase and severely impair the CQI measurement accuracy.  
In order to achieve the reliable CSI report value and meaningful MSC/PMI/RI selection from eNB, new signalling are necessary to notify UE the restricted measurement resource and the time partition information communication.

Observation 2: Some issue exists for R8/9 UE CSI measurement to support TDM-based the eICIC in R10. New signalling may be required to notify UE the restricted measurement resource.
2.3 RRM
Since TDM based eICIC technique does not impact the level of received power from serving cell, there is no impact on RSRP measurement in all RRM cases. Thus, the following discussion focuses on the RSRQ measurement performance.

2.3.1 Active mode
UE in aggressor cell

Measurement on serving cell

In the similar way with RLM, in case of ABS mode, the CRS in aggressor cell is transmitted as current R8/9. And in case of MBSFN mode, UE could ignore the data region without unicast CRS in MBSFN subframe. Besides, the interference level from the victim cell does not change. Therefore, there is no impact on the UE to measure RSRQ on serving cell.

Measurement on neighbour victim cell

For UE in aggressor cell, the RSRQ result of the victim cell is a mean value estimated over the entire evaluate period. In general, the UE may be able to work in the victim cell either on the enhanced ICIC scheduling mode or on the regular scheduling mode if such mobility is needed. But the current RSRQ measurement mechanism may block the possibility of those UEs to be handed over to the victim cell, unless the UE can also make RSRQ measurements on the restricting resource as that in RLM measurement case. But, on the other hand, if the victim UE only reports the value of RSRQ over its scheduled subframe, where the result is likely better, it may lead too many UEs to be handed over to the victim cell and hence worsen the performance of the system. 
Then, the consequence is that the eNB needs to simultaneity perform two types of measurement configurations for the UEs and the UE need to reports two type results according to different configurations respectively. As a result, some signalling mechanism on the air interface may be needed.  
Observation 3: To maintain the system performance, UE in aggressor cell may need to perform two types of RSRQ measurement according to different configurations. Therefore, further standardization work could be foreseen.
UE in victim cell

Measurement on serving cell

In R8/R9 RRM measurement mode, the RSRQ result is a mean value estimated over the entire evaluate period. Hence, in the TDM case, if the victim UE only reports the value of RSRQ over its scheduled subframe and other subframes which radio condition is deteriorate, it may result in an unnecessary handover. Meanwhile, the R8/9 RSRQ measurement result is still needed for the eNB for ICIC purpose.  Therefore, the eNB needs to perform two type measurement configurations for one UE and thus the UE also needs to reports two type results according to different configurations. Besides, the time partition information communication between aggressor and victim cell is also needed. Furthermore, the TDM based solution may introduce backward compatibility problem, which needs more investigation for its impact on the R8/R9 UE. Similar with the UE in aggressor cell case, further standardization work could be foreseen in RAN2/RAN3.

Measurement on neighbour aggressor cell
As the previous analysis in “Measurement on serving aggressor cell”, there is no impact in this case.
Observation 4: To maintain the system performance, UE in victim cell may need to perform two types of RSRQ measurement according to different configurations. Therefore, further standardization work could be foreseen
2.3.2 Idle mode

UE in aggressor cell
 
Measurement on serving cell

As the previous analysis of active UE, for serving cell, there is no impact in this case.


Measurement on neighbour victim cell

The intra-frequency Cell Reselection criteria is defined as cell-ranking R criterion, which is ranked within the cells meeting with S criterion. Some victim cells may not be treated as candidate cell by UE since RSRQ in victim cell is deteriorated, which lead UE to prefer to camp on the aggressor cell. i.e., Macro cell in Macro-Pico scenario and Femto cell in Macro-Femto scenario respectively. As a result, for Macro-Pico scenario, the coverage of Pico will be decreased, and for Macro- Femto scenario, once the UE can not access the CSG cell, the UE can only get emergence service in ANY cell status.
Thus, it is needed to perform two types of cell selection criterions based on two time instances. The related impact is cell selection aspect.
UE in victim cell

Measurement on serving cell

Based on the same reason illustrated in the above analysis of “Measurement on neighbour victim cell”, for UE in victim cell performing serving cell measurement, it is needed to perform two types of cell selection criterions based on two time instances .Otherwise, unnecessary cell reselection would occur.


Measurement on neighbour aggressor cell

Based on the same reason illustrated in the above analysis, there is no impact in this case.

Observation 5: Cell reselection performance is decreased for R8/9 UE, and two types of cell selection criterions based on RSRQ are needed for R10 UE.
3 Conclusion

Based on the above analysis and observations, we propose:

Proposal 1: RAN2 should ask RAN1 to provide a specific definition of the ABS or MBSFN concepts applied to eICIC.
Proposal 2:  For RRM/RLM/CSI measurement, RAN2 needs to specify new signalling to notify the UE the restricted measurement resource. 
Proposal 3: For RLM, alternatively, RAN4 group may re-evaluate the requirement of the threshold Qout and Qin.

Proposal 4: UE in aggressor cell needs to perform two types of RSRQ measurement of victim cell according to different configurations.

Proposal 5: UE in victim cell needs to perform two types of RSRQ measurement of serving cell according to different configurations.
Proposal 6: Two types of cell selection criterions based on RSRQ are needed for R10 UE.  
4 Reference
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