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Discussion
1. Introduction
EICIC for non-CA based deployments of heterogeneous networks was added as a work item [1] in RAN plenary March 2010. The latest RAN1 agreements [2] on this work item are given as follows: 
· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

(*) if MBSFN is configured almost blank subframe does not contain CRS in the data region.
In this contribution we discuss potential backward compatibility issues with agreed eICIC solutions, especially the time-domain solutions.
2. Discussion 
According to [2], the time domain scheme is considered as the baseline solution to reduce interference from aggressor cells to victim cells. The basic idea of the time domain scheme is to configure the aggressor cell with MBSFN subframes or almost blank subframes in order to limit interference towards the victim UEs in these special subframes. These victim UEs can then be scheduled by their serving cells in these interference-limited subframes. 
The main problem of time domain solutions is the lack of support for Rel 8/9 UEs. As both macro cells and underlay (pico and femto) cells alternate between normal transmission and interference limited transmission, interference can vary significantly from subframe to subframe for every UE in the network. Rel10 UEs can be notified of the alternation patterns of nearby cells via network signalling. However, Rel 8/9 UEs are not aware of the existence of such alternations and will perform channel measurements (such as RLM, CQI and RSRP/RSRQ) without consideration for such alternations. Due to large variation of interference level, such measurements by Rel 8/9 UEs can hardly reflect the actual channel condition and will cause unnecessary link failure and performance loss. In following paragraphs we summarize the main issues for Rel 8/9 UEs due to measurement errors.

· Radio link monitoring (RLM) measurements: According to [3, section 4.2.1] and [4, section 7.6],

· A UE in non-DRX mode shall assess the radio link quality in every subframe and send an out-of-sync (resp. in-sync) indication to the higher layer whenever the radio link quality evaluated over the last 200ms (resp. 100ms) becomes worse (resp. better) than the threshold Qout (Qin). Two successive indications from layer 1 shall be separated by at least 10ms.
· A UE in DRX mode shall at least once every DRX period assess the radio link quality and send an out-of-sync (resp. in-sync) indication to the higher layer whenever the radio link quality evaluated over the last TEvaluate_Qout_DRX [s] (resp. TEvaluate_Qin_DRX [s]) becomes worse (resp. better) than the threshold Qout (Qin). Two successive indications from Layer 1 shall be separated by at least max (10 ms, DRX_cycle_length). 

According to [5], the UE shall start timer T310 upon receiving N310 consecutive out-of-sync indications and stop timer T310 upon receiving N311 in-sync indications. Radio link failure is declared if timer T310 expires. Example timing diagrams to show out-of-sync indication report and RLF detection for non-DRX mode and DRX mode UEs are plotted in Fig. 1 and Fig. 2 as follows. 
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Figure 1 An example timing diagram of out-of-sync indication reports and RLF detection for non-DRX mode UEs
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Figure 2 An example timing diagram of out-of-sync indication reports and RLF detection for DRX mode UEs

Assume the alternation pattern for each cell is fixed within each frame and all cells in the network are aligned in frame timing, the interference variation for each UE within a frame will approximately follow the same pattern (assume stable load in each cell) and measurements over any consecutive 10 (or multiples of 10) subframes will provide the same output. 
Given the specifications and the assumptions, if a Rel 8/9 UE was near an unaccessible femtocell, its link quality would be so low during the subframes when the femtocell transmits that its average measured link quality over any consecutive 200ms interval would be lower than Qout and trigger out-of-sync indication reports and eventually RLF detection after 200+10*(N310-1)+T310 ms. One possible solution is to configure large T310 and N310 so that the UE may move to a less interfered location before reporting RLF. However, according to [5], the maximum values of T310 and N310 for Rel 8/9 UEs are equal to 2000ms and 20, respectively. Thus the channel condition has to become much better within 2390 ms to avoid RLF report. Unfortunately, an indoor UE often has very low mobility and it is unlikely that its channel condition can have drastic change within 2-3 seconds. Therefore, once a R10 femtocell is installed in an apartment, the neighboring residents (if they happen to suscribe LTE service from the same operator) will be forced to upgrade their UEs to R10 UEs or switch to another opreator. 

The problem is less severe for outdoor DRX-mode UEs as it could take much longer time (by configuring larger N310) before detecting RLF and outdoor UEs generally have moderate mobility. Note that there might be some negative impacts to configure larger N310 as it will delay RLF detection when such detection is indeed needed.   
· CQI measurements: Again, we can assume that, for each UE, the interfence variation across the 10 subframes within each frame approximately follows the same pattern. As there could be large interference variation from subframe to subframe, it is desirable that a Rel 8/9 UE is only scheduled in the subframe that has the same subframe number as the subframe that it makes CQI measurements. However, according to [3, section 7.2.3], CQI value is derived “based on an unrestricted observation interval in time and frequency”, thus the serving eNB has no idea about which subframe a Rel 8/9 UE will actually make CQI measurements. In Tab. 1 an example of measured wide band CQI index values at different subframe numbers is provided. As eNB does not know at which subframe a Rel 8/9 UE makes measurements, after receiving a CQI report from the UE, it can only arbitrarily pick a subframe to schedule this UE and hope the actual interference in this subframe aligns with the CQI value reported. For example, a Rel 8/9 UE makes CQI measurement at subframe no 3 and reports CQI value 13 to the eNB, and the eNB unfortunately schedules this UE in subframe no 4 using high MCS (based on the measured CQI value 13), which will almost surely cause packet delivery failure and require retransmission. Note that the retransmission might be out of luck again and the entire process could take a while to come to an end. 
	Subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	CQI index value
	2
	10
	4
	13
	1
	7
	5
	9
	4
	12




Table 1 Example of wide band CQI index values when time domain based solution is employed


· RSRP/RSRQ measurements: Larger interference variation will lead to larger variation of RSRP/RSRQ measurements, which generally results in larger number of handovers. The impacts on handover performance of Rel 8/9 UEs are dependent on how RSRP/RSRQ measurements are made, which is up to UE implementation. The specific impacts on UE mobility due to larger interference variation caused by time-domains solutions require further study.   
3. Conclusion 
Proposal: RAN2 needs to carefully study the potential impacts of time-domain based eICIC solutions on Rel 8/9 UEs and investigate how to make use of existing mechanisms to address backward compatibility issues caused by such time-domain solutions. 
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