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1. Introduction

In this contribution we discuss some of the aspects that are foreseen as potential problems when considering the co-channel deployment of CSG HeNBs in a general macro scenario. In [6], the following is proposed:

· Macro-Femto: 

· Baseline

· No backhaul coordination
· 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 sub-frame does not contain CRS in the data region. 
With this starting point, we will discuss some of the aspects related to the time-domain solutions – with main emphasis on the Macro-Femto scenario. In the contribution, we will outline the main sources of problems, and following this, we will discuss options related to handling such scenarios using time-wise interference control through the use of coordinated muting patterns between the nodes.
2. Impact of co-channel deployment of CSG HeNBs
The co-channel deployment of CSG HeNBs will cause uncontrolled coverage holes from a macro point of view, as common control channels as well as dedicated channels will not be able to operate within at least part of the CSG HeNB coverage area for macro-UEs. An illustration of the deployment scenario is outlined in Figure 1 [3], where the macro connected UE (MUE) risk loosing connection to macro eNB (MeNB), since it is not allowed to access the CSG HeNB. 
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Figure 1. An example of dominant interference condition in macro-femto deployment [3].

When the CSG HeNB transmits at full load, the general assumption in this contribution is that all essential control channels would be impacted – ranging from synchronization channels over physical broadcast channel to PDCCH and PDSCH. Discussion of protection of various control channels are discussed with high detail level in [5] 
In terms of providing a possible solution to ensure macro coverage, the CSG HeNB may be forced to introduce time-wise muting of certain subframes. Such muting can take different forms, and the two most promising are (1) almost blank subframes [1,3] (where subframes operating in this mode will transmit CRS only - and in some flavours also common channels such as PSS/SSS, PDCH and SI-1), (2) MBSFN based subframes [1,4] (where PDCCH is transmitted in the muted subframes), and (3) more advanced schemes with muting combined with OFDM symbol shifts [3].

As the control channels and data channels in LTE are well-balanced in terms of SINR requirements, any interference will impact the performance. This means that in case the MUE is interfered by the CSG HeNB to such an extend that PDSCH reception is not possible, the control channel performance will suffer in a similar way (at least to a large extend and assuming that macro and HeNB nodes are time-wise synchronized). With this starting point, it is necessary that the full subframe is muted to allow for reception of all the needed channels. This, in turn, means that the only immediate solution in terms of maintaining MUE performance, is the use of either blank subframes or almost blank subframes. With the perspective that we would like to maintain backwards compatibility such that measurements are not impacted, our preference is the use of almost blank subframes.

Proposal 1: In case TDM eICIC is applied for CSG HeNBs, almost blank subframes should be used.
3. Time-domain multiplexed eICIC muting patterns

As described above, it is crucial that for maintaining macro coverage that time-domain muting is applied for allowing macro-only UEs to remain connected to the macro layer, even when within proximity of the CSG HeNB. In the following, we will present a set of possible time-domain muting patterns that will fulfill various properties. As a first step, we considered LTE FDD here, but corresponding analysis for LTE TDD shall of course also be conducted. The control and data channels that are potentially impacted by the interference from the CSG HeNB are as follows:
· Primary and secondary synchronization channels (PSS/SSS): Transmitted in subframes 0 and 5 (for FDD)
· Physical Broadcast channel (PBCH): Transmitted in subframe 0
· System Information type-1 messages (SI-1): Transmitted in subframe 5 in even numbered frames
· Paging channels (PCH): Transmitted in subframes 0, 4, 5, and 9
· PDCCH (along with PCFICH and PHICH). These channels are located in the same time/frequency region and would experience. No restrictions on which might be muted from UE decoding point of view.
· PDSCH: No restrictions on muting from DL point of view. UL HARQ will introduce some challenges that will be discussed later.
Under the assumption that almost blank subframes are used for TDM eICIC, a HeNB muted subframe would reduce the macro connected UE experienced interference for all of the abovementioned channels. It should be noted that the almost blank subframes would not ensure mitigation of interference, as there may not be coordination of the subcarrier frequency shifts determined by the cell ID of the CSG HeNBs. Hence, the MUE would in some cases see CSG HeNB interference on the CRS part, and in some cases see interference on the non-CRS part causing different types of interference scenarios. 
The requirements for the common control channels in terms of necessary subframes to be transmitted indicate that there is a natural periodicity of 10 ms (defined by the general frame structure), which could potentially be reduced to 5 ms. As mentioned, the synchronous UL HARQ operation will potentially give some challenges, as for FDD, the UL HARQ round-trip time is 8 subframes, which is not in good harmony with the 10 (or 5) subframe periodicity of the common channels. In relation to the UL HARQ, it should be noted that the interference generated by the CSG HeNB in the PDCCH area would impact MUE reception of both dynamic scheduling grants (PDCCH) as well as PHICH, so in case UL HARQ performance preservation is intended, an 8 subframe periodicity is needed.
It is given that any CSG HeNB muting pattern introduced will assist the MUE in remain connected to the MeNB, but at the same time it is also given that the heavier muting is used at the CSG HeNB, the lower number of subframes are available for CSG HeNB operation, and hence the available throughput (or offloading effect) of the CSG HeNB. Based on this, we see some positive effects in the option of letting the MeNB determine the balance point between offloading capacity and MUE protection through muting. 

Proposal 2: In case TDM eICIC is used, there should be multiple muting patterns offering MUE protection, but the muting pattern should be under control from either MeNB or other central control.
Based on the synchronization procedure, we have considered five different muting patterns, which are shortly presented below and illustrated in Figure 2:

· Muting pattern 0: Based on muting only CSG HeNB subframes that collide with MeNB transmission of PBCH. Even that PBCH transmission is only occurring in a subset of the subframe, we assume that the full subframe is muted using almost blank subframe. This muting pattern will provide very limited protection of the MUE performance, but at the same time the CSG HeNB offloading capability is only reduced by 10%.

· Muting pattern 1: A pattern, which is based on combination of patterns for PSS/SSS on top of PBCH as well as SI-1 (as they follow the patten of the PSS/SSS). This pattern offer more protection in terms of initial synchronization, while the CSG HeNB offloading capability is reduced by 20%.  The periodicity of this pattern is 5 subframes.

· Muting pattern 2: Combination of muting pattern 1 with the scheduling pattern for a single UL HARQ process (process starting at subframe 0). This pattern will provide increased protection of MUEs close to CSG HeNB, as the protection of a single HARQ process will ensure maintenance of low UL HARQ RTT. This pattern reduces the offloading capability by 30%. Due to the different periodicities of PSS and UL HARQ processes, the periodicity of this pattern is 40 subframes.

· Muting pattern 3: Combination of muting pattern 2 and including muting of MeNB subframes that carry paging channel (PCH). This will ensure that idle mode MUEs that are close to CSG HeNB will accept incoming traffic, but at the same time reduce the CSG HeNB offloading capability by nearly 50% (47.5%). 
· Muting pattern 4: Further building on top of muting pattern 3, an additional UL HARQ process is added (process starting at subframe 4) to increase the MUE potential UL traffic when in proximity of the CSG HeNB (doubling the MUE UL capacity). The CSG HeNB offloading capability for this setup is reduced to 45%, which is quite extensive. As for muting patterns 2 and 3, this pattern introduces a 40 subframe periodicity.
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Figure 2. Examples of muting patterns to provide different levels of MUE protection.

From the discussion above, it is observed that muting patterns have a general periodicity of 40 subframes to support common channels as well as protecting a single UL HARQ process. Hence, we propose the following:

Proposal 3: In case TDM eICIC and multiple muting patterns are applied, the muting patterns should have a periodicity of 40 ms. We recommend to have five possible muting pattern options standardized.
Notice that by having a finite set of five possible muting patterns standardized has several advantages:

· The muting patterns will have to be signaled to at least a sub-set of the Rel-10 UEs. Hence, by only having a limited set of possible muting patterns, such signaling become simpler.

· It has been proposed that Rel-10 UEs should restrict various measurements to certain sub-frames depending on the used TDM eICIC muting pattern. Hence, by having only a limited set of possible muting patterns, the number of Rel-10 UE measurement test cases and related implications will be more attractive.
The exact signaling mechanism for providing this type of information would be FFS, but given the complexity of introducing communication mechanisms over the air interface, we would assume that the muting pattern configuration is part of the initial configuration of the CSG HeNBs through the management system (which would lead to a more or less static configuration of the CSG HeNBs). We expect RAN2 to be able to do decisions on the proper signaling mechanism of the muting patterns.
UL HARQ operation

To analyze the impact of the muting on the UL HARQ performance., we have shown the muting pattern and illustrated their impact to UEs that are close to the CSG HeNB – both to HUEs and MUEs. This is shown in Figure 3, where it is seen that HARQ operation of the MUE will be severely impacted by the two lower indexed muting patterns, since these will only allow for a new transmit opportunity 40 subframes later, as this is the first following subframe that is guaranteed to be free from the CSG HeNB interference. Further, from Figure 3, it is seen that CSG HeNB muting will also impact the UL HARQ performance for HUEs, as some subframes are muted and no UL scheduling can be indicated. It should be noted that this blocking of UL scheduling will only happen in single subframes, such that the impact to the UL HARQ performance will be less severe.
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Figure 3. UL HARQ impact of the different muting patterns for both CSG HeNB and MeNB.

Subframe shifting to ensure CSG HeNB operation
Given the muting patterns implemented at the CSG HeNB the transmission of common channels from the HeNB will not be possible unless a time shift (in full subframes) between the two network layers is introduced. In Figure 4, we have shown the different subframe shifts available (within a 5 ms periodicity) and indicated which of the common channels will not be possible to transmit with grey. When considering muting pattern 2, it is seen that a subframe shift of 3 subframes will provide the least impact to the CSG HeNB operation, as here only one PCH instant per 40 ms is impacted. Similarly, it is observed that with a subframe shift of 2, one PSS/SSS instant will be impacted. With proper selection of offset, it is possible to ensure that only the PSS/SSS transmission is impacted, as subframe shifts of 17 and 37 would match the ‘transmission hole’ for the combined PBCH and SI-1 within the 40 subframe periodicity.
Correspondingly, with muting pattern 3 implemented at the CSG HeNB, Figure 4 indicates that subframe shifts 2 and 3 perform equally well, and the same discussion on preferred subframe shifts apply with the addition that muting pattern 3 will have preferred subframe shifts of 13 and 33. These subframe shifts will provide the benefit of minimizing the impact of the muting to the CSG HeNB common channel performance.

It should be noted that when discussing the subframe shifts, we refer to the HeNB starting point of the frame compared to the macro eNB, such that the CSG HeNB still operates in a Rel’8/9 compatible manner.

Observation 1: When CSG HeNB with TDM eICIC muting pattern is used, the time offsets applied should be reduced to a limited set that is associated to the muting pattern. 
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Figure 4. Impact of introducing subframe shifts between MeNB and CSG HeNB.

Initial TDD considerations on CSG HeNB muting

This section will give some initial considerations on the muting patterns in relation to the TDD operation. On the physical layer there are some fundamental differences in terms of control signaling between FDD and TDD. These are outlined here:

· PSS transmission happens in subframes 1 and 6 (in 3rd OFDM symbol)
· PCH occasions are located in subframes 0, 1, 5, and 6.
· UL HARQ RTT is 10 ms

· TDD operation will have more strict time requirements due to potential UL/DL interference.

Hence, our initial observation is that it will not be possible to introduce muting patterns and associated shifts that share similarity between FDD and TDD modes. The muting patterns could be based on the same principles, but shared patterns that are exactly the same would in general not be possible, and would be be difficult to apply to all TDD configurations.
4. Discussion and Concluding Remarks
In this contribution we have presented a set of potential time-domain muting patterns that would allow for macro UEs to remain connected when in proximity of a co-channel deployed CSG HeNB.  Based on the analysis, we propose the following:
Proposal 1: In case TDM eICIC is applied for CSG HeNBs, almost blank subframes should be used.

Proposal 2: In case TDM eICIC is used, there should be multiple muting patterns offering MUE protection, but pattern should be under control from either MeNB or other central control.
Proposal 3: In case TDM eICIC and multiple muting patterns are adopted, the muting patterns should have a periodicity of 40 ms. We recommend to have five possible muting pattern options standardized.
Besides, the analysis above have lead to an observation related to proposals 2 and 3, which is:
Observation 1: When CSG HeNB with TDM eICIC muting pattern is used, the time offsets applied should be reduced to a limited set that is connected to the muting pattern. 

Having only a small set of possible muting patterns standardized is attractive also from a network-2-UE signaling perspective, and from Rel-10 UE measurement / testing point of view. For the sake of simplicity, we have only presented possible muting patterns for FDD in this contribution. However, studying feasible muting patterns for LTE TDD is of equal importance, and should be considered as well before drawing final conclusions on exact muting patterns.
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