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1. Introduction
In RAN1 #62, based on way forward [1], the following was agreed:
· 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.
This contribution provides TDM muting patterns (for FDD) as a follow-up update to our companion contribution [2]. Proposed muting patterns facilitate interference coordination taking into account interference between both macro cell eNodeB and pico cell eNodeB, as well as interference between macro cell eNodeB and closed subscriber group Home eNodeBs (CSG HeNBs).
2. Motivation
Consider the following scenarios:

Scenario A (Co-channel macro cell and CSG HeNB): Victim macro cell UE (MUE) experiences severe downlink control and data channel interference from an aggressor CSG HeNB. 
Scenario B (Co-channel macro cell and pico cell eNodeB): Victim pico cell UE (PUE) experiences severe downlink control and data channel interference from an aggressor macro cell eNodeB. 
For determining TDM muting patterns for Rel-10, we emphasize that RAN1 should jointly investigate Scenarios A and B, rather than optimizing TDM muting patterns for either scenario in isolation. The reason is that with operation in same spectrum, het-net coordination is potentially required simultaneously between macro cell eNodeBs, pico cell eNodeBs and CSG HeNBs. 
Proposal 1: Consider Scenarios A & B jointly while finalizing TDM muting patterns for backhaul coordinated interference coordination in Rel-10 and beyond.
3. TDM muting patterns

Assumption 1: All eNodeBs are time-synchronized to within one OFDM symbol.

Without Assumption 1, the trailing PDSCH symbol (s) of the aggressor layer eNodeB transmission creates interference on the PDCCH region of the victim UE. In principle, for avoiding the “trailing interference” effect, the aggressor layer eNodeB could mute K > 1 consecutive subframes. Victim layer UEs may then be scheduled on (K – 1) subframes, starting with subframes overlapping with the second muted subframe of the aggressor layer eNodeB. However, this contribution does not consider such a possibility.
Proposal 2: TDM subframe transmission may not be configured on subframes carrying broadcast channel, synchronization information (BCH/PSS/SSS) and subframes carrying system information (SI-1) at the aggressor layer eNodeB. Consider not configuring TDM transmissions on subframes carrying paging channel (PCH) information.

· FDD: Subframe indices 0 (BCH/PSS/SSS) , 5 (PSS/SSS), 4 and 9 (PCH)

· TDD: Subframe indices 0, 1, 5 and 6.

Figure 1 presents different possibilities for muted subframe transmissions. TDM muting patterns P1 through P4 (proposed in [3]) are assumed to be applied at the aggressor CSG HeNB. It is desirable to select a combination of muting patterns and subframe offsets to minimize the occurrences of TDM subframes with muted Broadcast channel (BCH), Synchronization symbols (PSS, SSS) and Paging Channel (PCH)  information – colored gray and marked with “X” in Figure 1 – at the aggressor layer eNodeB.  
In FDD, BCH information is transmitted on subframe offset 0 in each radio frame; PSS/SSS are transmitted on subframe offsets 0 and 5 in each radio frame, while PCH is potentially transmitted on subframe offsets 0, 4, 5 and 9. Finally, System information (SI-1) is carried on subframe offset 5 on even radio frames. Patterns P1 through P4 eliminate victim-layer interference on subframes corresponding to the following transmissions:
· Pattern P1: BCH only.

· Pattern P2: BCH, PSS/SSS and SI-1.

· Pattern P3: BCH, PSS/SSS, SI-1 and HARQ0.
· HARQ0:  starting from subframe 0 on SFN = 0 mod 4 and aligned with 8 ms uplink HARQ timing.
· Pattern P4: BCH, SSS, SI-1, PCH and HARQ0.
Two additional patterns denoted by P5 and P6 (see Figure 1) may be used if more than one uplink HARQ process is desired to be supported at the victim layer.
3.1. Derived Muting Patterns
In this subsection, we propose the concept of derived muting patterns. The idea is as follows: CSG HeNBs employ a set of muting patterns (e.g. one among P1 through P4) to address severe interference to cell-edge MUEs. Since pico cell eNodeB downlink transmissions are offset (in time) with respect to the macro cell eNodeB downlink transmissions, the macro cell eNodeB applies the set of derived muting patterns to minimize interference to PUEs. 
Assumption 2: The CSG HeNB and the pico cell eNodeBs’ downlink transmissions are assumed to have (identical) subframe offset S with respect to the downlink transmissions of the macro cell eNodeB. 
Definition 1: Denote the muting patterns P1 through P4 in the previous section as primary muting patterns.

Assume that CSG HeNBs employ primary muting pattern P4 and a subframe shift S = 3 subframes. From Figure 1, it is clear that such a choice of S results in muted paging transmissions on radio frames 0 and 2. This suggests that value of S can be optimized to minimize occurrence of such muted subframes.

Definition 2: A derived muting pattern is a muting pattern which corresponds to a cyclically rotated version of a primary muting pattern over a time-window equalling 4 radio frames (40 milliseconds).
We present the derived muting patterns P7 through P9 in the lower half Figure 1. Derived TDM patterns are applied at the macro cell eNodeB for minimizing their downlink interference to cell-edge PUEs (Scenario B). Each muting pattern eliminates for the following low power node transmissions:
· Pattern P7: BCH, SSS, SI-1, PCH and HARQ0.
· HARQ0:  starting from subframe 0 (low power eNodeB) on SFN = 0 mod 4.
· Pattern P8: BCH, SSS, SI-1, PCH, HARQ0 and HARQ5.
· HARQ5:  starting from subframe 5 (low power eNodeB) on SFN = 0 mod 4.
· Pattern P9: BCH, SSS, SI-1, PCH, HARQ0 and HARQ4.
· HARQ4:  starting from subframe 5 (low power eNodeB) on SFN = 0 mod 4.
Observation: Derived patterns P7, P8 and P9 are cyclically rotated versions of P4, P5 and P6 by an amount equalling S = 3 subframes. 

With P7, one paging subframe and one synchronization subframe (on radio frames 1 and 3) are muted during TDM transmissions. With P8 (resp. P9), there is an additional loss of one BCH subframe (resp. synchronization subframe) and one paging subframe at the macro cell eNodeB.

Proposal 3: Given a set of TDM muting patterns denoted by the set 
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 and a subframe shift S, RAN1 should study derived muting patterns 
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wherein each derived pattern is a cyclically shifted version of each pattern in
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· Each derived pattern equals a cyclically shifted version of a primary pattern.

· The cyclic shift may equal the common subframe offset S if identical over all low power nodes or a function of the individual subframe shifts 
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·  FFS: Viability of additional subframe shifts
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 to minimize muting aggressor layer eNodeB transmissions during essential subframes (that is carrying broadcast/sync/paging channel information).
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Figure 1: Derived muting patterns P7 through P9 [subframe offset = 3 subframes].
Proposal 4: For both primary and derived muting patterns, the TDM muting periodicity shall equal 40 milli-seconds. This ensures that muting patterns align with 8 ms UL HARQ timing periodicity.

4. Conclusions

Per our proposal, we suggest inclusion of derived muting patterns, which augment the TDM muting patterns provided in [3]. Based on the preceding discussion, the key proposals in this contribution are summarized below.
Proposal 1: Consider co-channel macro-pico and macro-femto scenario jointly while finalizing TDM muting patterns for backhaul coordinated interference coordination in Rel-10.

Proposal 2: TDM subframe transmission may not be configured on subframes carrying broadcast channel, synchronization information (BCH/PSS/SSS) and subframes carrying system information (SI-1) at the aggressor layer eNodeB. Consider not configuring TDM transmissions on subframes carrying paging channel (PCH) information.

· FDD: Subframe indices 0 (BCH/PSS/SSS) , 5 (PSS/SSS), 4 and 9 (PCH)

· TDD: Subframe indices 0, 1, 5 and 6.

Proposal 3: Given a set of TDM muting patterns denoted by the set 
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 and a subframe shift S, RAN1 should study derived muting patterns 
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wherein each derived pattern is a cyclically shifted version of each pattern in
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.

· Each derived pattern equals a cyclically shifted version of a primary pattern.

· The cyclic shift may equal the common subframe offset S if identical over all low power nodes or a function of the individual subframe shifts 
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· FFS: Viability of additional subframe shifts
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 to minimize muting aggressor layer eNodeB transmissions during essential subframes (that is carrying broadcast/sync/paging channel information).

Proposal 4: For both primary and derived muting patterns, the TDM muting periodicity shall equal 40 milli-seconds. This ensures that muting patterns align with 8 ms UL HARQ timing periodicity.
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[image: image14.png]TDM muting pattems for co-channel macro cell eNodeBs, pico cell eNodeBs and CSG HeNBs

Four radio frames (10 milliseconds)
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