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1. Introduction
At RAN1#61, it was concluded [1] that “dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto, in this case:
· Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference.
· Enhanced interference management is needed
· Techniques in TR36.921 can be considered where appropriate”.
At RAN1#61bis, it was agreed to consider eICIC based on power control and time domain solutions as baseline for macro-femto deployments although frequency domain solutions were not precluded. 
In this contribution we discuss various aspects and considerations on time domain eICIC for co-channel macro-femto (CSG) deployments. 
2. Discussion
2.1. Time domain eICIC without X2
In the previous meeting, details on non-CA based eICIC approaches were discussed. In the case of time-domain based eICIC solutions, views on details and characteristics of almost blank subframes and lightly-scheduled subframes were provided in [3]
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[4]:
· In [3], an almost blank subframe was characterized as a subframe lacking of unicast transmission on any physical channel: Transmission of physical signals and physical channels carrying MIB, SIBs and paging messages are in accordance with Rel-8, whereas PCFICH is only transmitted in presence of PDCCH. 
· In [4], a lightly-scheduled subframe was characterized by lightly-scheduling transmissions on the PDCCH/PDSCH/PCFICH/PHICH channels in the corresponding subframe. 
The main differences between the almost blank subframes [3] and lightly-scheduled subframes [4] seem to be the strict non-unicast transmissions in the case of almost blank subframes and that PCFICH is transmitted in all subframes in the case of lightly-scheduled subframes. Deployment options in both cases are subframe offsets, OFDM symbol offsets (in conjunction with PDSCH RE muting) and MBSFN subframes. Time synchronization is required between eNBs for both types of subframes.
The availability of an X2 interface for macro-femto depolyments has either been proposed or implicitly assumed for backhaul signaling related to time domain subframe coordination [3]
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[4]. Given that RAN3 has only agreed on X2 based mobility support for femto’s operating in open access mode [5], time domain eICIC solutions that do not rely on X2 are still an option to be considered for macro-femto deployments
. 
In order to mitigate dominating interference towards non-CSG users
 in macro-femto deployments without X2, a combination of almost blank subframes and lightly-scheduled subframes could be considered in which
· HeNBs operating in closed access mode use a pre-defined almost blank subframe pattern
· The HeNB operating in closed access mode may (lightly) schedule unicast transmissions in almost blank subframes if detecting no presence of non-CSG users in the vicinity of the HeNB
Such approach would thus not rely on X2 presence between macro eNBs and femto CSG, but on victim UE sensing conditionally allowing unicast transmissions in configured almost blank subframes as a request of not wasting HeNB resources. Victim UE-sensing could relate to HeNB detection of large UL interference from non-CSG users whereas victim-UE sensing could relate to indicating high interference via e.g. PRACH by sending a unique signature.
Configuring the same time aligned almost blank subframe pattern for HeNBs operating in closed access mode would simplify network deployments but may lead to difficulties to mitigate dominate interference towards CSG users when several CSG cells partly overlap as illustrated in the left hand side of figure 1. Both HeNBs notify the presence of victim UE and then avoid scheduling unicast transmissions in the almost blank subframes. In this particular case of two partly overlapping CSG cells, same almost blank subframe pattern can be used if the cells are using different subframe offsets as illustrated in the right hand side of figure 1. An eNB serving a UE in the vicinity of a HeNB thus needs to know the particular subframe offset used by the femto cell, if CSG interference scenarios as illustrated in figure 1 shall be taken into account. How to handle this is a topic for further studies.
Proposal 1: Consider eICIC solutions without X2 as a baseline for macro-femto deployments.

Proposal 2:  Victim UE sensing of HeNBs operating in closed access mode should be further evaluated.
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Figure 1 a) Interference scenario (red arrow) where a user in Cell A operates in the vicinity of the neighbor HeNB in Cell B whereas a user in Cell B operates in the vicinity of the neighbor HeNB in Cell A. b) Cell A and Cell B are configured with same almost blank subframe pattern, but with different subframe offsets (FDD)
2.2. Time domain eICIC considerations
According to [3], time domain eICIC based on almost blank subframes would need considerations on how to handle
· Backhaul signaling for subframe coordination
· Radio link monitoring (RLM) procedure
· RRM measurements
· Channel feedback
· Detection of PSS/SSS
· Detection of PBCH
· Interference from CRS on PCFICH, PHICH, PDCCH and PDSCH
· Interference from PDCCH masked with P-RNTI and SI-RNTI (for SIB-1 only) and associated PCFICH on PCFICH, PHICH and PDCCH
Decisions related to RLM, RRM and channel feedback could refer to restricting CQI, RLF and mobility measurements to certain subframes (and perhaps certain resource elements). Decisions related to detection of PSS/SSS and PBCH could refer to mandate support for inter-cell interference cancellation (IC) of these signals/channels, or it could refer to going in a direction of network solutions to handle inter-cell interference of corresponding signals/channels e.g. by coordinating transmissions across layers. Decisions related to interference from CRS could refer to mandate support for IC of CRS from neighbour cell(s), or by other means mitigating CRS interference. One possibility to reduce CRS interference would be to only transmit CRS on antenna port 0 in almost blank subframes (no unicast transmissions) but that wouldn’t correspond to a fully backward compatible solution.  Decisions related to interference from PDCCH transmissions associated with SIB and paging could refer to restricting such transmissions to normal subframes (i.e. non-almost blank subframes), or to lightly-scheduled subframes (not configured as MBSFN subframes).
Related to the above considerations are also decisions on access link signalling as part of the subframe coordination, provided there is no pre-defined pattern standardized, and in case the X2 interface is available. Besides RRC signalling of almost blank subframe pattern, signalling of certain neighbour cell information could also be useful for mitigating inter-cell interference.
The time domain eICIC approach provides tools for mitigating interference in macro-femto deployments, but it may have significant specification impact and standardization efforts, in particular for RAN4, depending on the decided solution. On the other hand, a minimal specification effort solution might not be very efficient. So, if time domain eICIC is specified within the Rel-10 time frame, the trade-off between the gain and the specification effort needs to be carefully evaluated.
For FDD, it is possible to introduce subframe offsets to avoid inter-cell interference on PSS/SSS/PBCH across layers. However, as has been pointed out in previous RAN1 contributions, using subframe offsets across layers will not apply to TDD in general and therefore RAN1 need to focus on solutions to ensure PSS/SSS/PBCH orthogonality across layers in TDD deployments. In the case of uplink-downlink configurations with 5 ms downlink-to-uplink switch-point periodicity, orthogonality of PBCH across two layers can be achieved by applying 5 ms radio frame offsets. If restricting TDD macro-femto deployments to uplink-downlink configurations with 5 ms downlink-to-uplink switch-point periodicity, the working effort could be limited to finding a solution to ensure PSS/SSS orthogonality across layers.
Proposal 3: Use subframe offsets to mitigate interference on PSS/SSS and PBCH across layers as baseline for FDD.
Proposal 4: Consider restricting TDD macro-femto deployments to uplink-downlink configurations with 5 ms downlink-to-uplink switch-point periodicity.
2.3. Interference from CRS on PDCCH
Impact of inter-cell interference from CRS on PDCCH and PCFICH were investigated in [7] and [8] for almost blank subframe scenarios with two antenna ports and maximum CCE allocations at the victim layer. The conclusions from these investigations are that the joint decoding performance of PCFICH and PDCCH is highly degraded when considering larger RSRP offsets [8], mainly due to the poor PCFICH performance [7] at low geometries.

In this section, we investigate the PDCCH detection performance for the following cases:
Case 1: Reference case when no action is taken to mitigate CRS interference,
Case 2: Victim UE puncture PDCCH RE that are severely interfered by CRS from one neighbour cell,
Case 3: CRS in almost blank subframes are transmitted on antenna port 0 only,
Case 4: Combination of Case 2 and Case 3.
We here consider same simulation setup as in [7] for control region sizes of 2 and 3 OFDM symbols, under the assumption of semi-static RRC signalling of the length of the control region. In table 1 and table 2, the results for a control region of 3 and 2 OFDM symbols are depicted, respectively. From these tables we conclude that the PDCCH BLER performance drops quickly when approaching very low geometries in Case 1 and that puncturing dominant CRS interfered PDCCH resource elements in the receiver, Case 2, is an efficient way to limit performance degradation of the PDCCH, in particular in combination with CRS transmission on antenna port 0 only, within almost blank subframes. Hence,
Conclusion: Puncturing of potentially strongly interfered resource elements in the receiver is an efficient way to limit the PDCCH degradation, in particular in combination with reducing number of antenna ports in almost blank subframes.

As mentioned in section 2.2, transmitting CRS only on antenna port 0 in almost blank subframes is not a fully backward compatible solution and therefore need further considerations.
Proposal 5: Further study using reduced number of antenna ports in almost blank subframes.

As was observed in [7], PCFICH will limit the possibility to detect PDCCH at low geometries. Hence,
Proposal 6: Semi-static RRC signalling of the size of the control region.
Table 1: PDCCH BLER evaluated at C/N giving 1% BLER with no interference (PCFICH = 3)

	Offset [dB]
	Case 1 [%]
	Case 2 [%]
	Case 3* [%]
	Case 4* [%]

	5
	1.5
	2
	1.2
	1.2

	10
	4
	2
	2
	1.2

	15
	20
	2
	7
	1.2


* Note: Reduced system level impact is not taken into account in link simulation results
Table 2: PDCCH BLER evaluated at C/N giving 1% BLER with no interference (PCFICH = 2)

	Offset [dB]
	Case 1 [%]
	Case 2 [%]
	Case 3* [%]
	Case 4* [%]

	5
	2.5
	3.5
	1.4
	1.8

	10
	8
	3.5
	3
	1.8

	15
	40
	3.5
	12
	1.8


* Note: Reduced system level impact is not taken into account in link simulation results
3. Conclusions
In this contribution, we have discussed various aspects and considerations on time-domain eICIC for macro-femto deployments. We investigated the impact of CRS inter-cell interference (almost blank subframes) on the PDCCH detection performance, under the assumption of RRC signalling of the control region size, and concluded:
Puncturing of potentially strongly interfered resource elements in the receiver is an efficient way to limit the PDCCH degradation, in particular in combination with reducing number of antenna ports in almost blank subframes.
If RAN1 agrees on time domain eICIC for Rel. 10, we propose the following:
Proposal 1: Consider time domain eICIC solutions without X2 as a baseline for macro-femto deployments.

Proposal 2:  Victim UE sensing of HeNBs operating in closed access mode should be further evaluated.
Proposal 3: Use subframe offsets to mitigate interference on PSS/SSS and PBCH across layers as baseline for FDD.
Proposal 4: Consider restricting TDD macro-femto deployments to uplink-downlink configurations with 5 ms downlink-to-uplink switch-point periodicity.

Proposal 5: Further study using reduced number of antenna ports in almost blank subframes.

Proposal 6: Semi-static RRC signalling of the size of the control region.
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