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1 Introduction
According to 3GPP RAN1 #72 chairman note, several interference schemes have been mentioned
-  Cell clustering interference mitigation (CCIM)

-  Scheduling dependent interference mitigation (DSIM)

-  Interference suppressing interference mitigation (ISIM)

-  Interference mitigation based on legacy schemes (such as eICIC/FeICIC schemes, CoMP schemes, MBSFN configuration schemes)

-  Power control based schemes
This contribution would discuss and share our view on those interference mitigation schemes.  
2 Interference analysis 

Even in eIMTA operation, we think backward compatibility is important aspect. Backward compatibility can be realized by following principle.

-
SIB1 configured DL subframe is kept as DL and special subframe is kept as special subframe for legacy UE measurements of RSRP/RSRQ.

With above operation, one can categorize to two types of the subframe type. One is flexible subframe, where the direction of the operation can be changed between DL or UL. The other type is fixed subframe, where the direction of the operation is constant DL, UL or special subframe. 
The interference situation is illustrated in Figure 1. In fixed subframe, the interference situation is relatively steady from direction point of view. For example, in downlink of UE side, the interference always comes from neighbor cells instead of users (option a) in Fig.1). In uplink receiver of eNB side, the interference always comes from users instead of cells (in option b) in Fig.1). But in flexible subframes, the interference situation is a little bit complicated because there is potentially cross-link interference, for example UL-DL or DL-UL, as shown in option c) in Fig.1. But on other hand, it does not mean the interference in flexible subframe is always larger than that of fixed subframe.  
For DL-DL or UL-UL interference situation, RAN1 has already studied for a long time. Many functions have been adopted in spec to mitigate the interference, for example, ICIC in Rel.8, eICIC in Rel.10, FeICIC and CoMP in Rel.11.  It could be used to solve the interference problem at least in fixed subframes. In addition, some X2 signalings, for example OI (overload indicator), HII (high interference indicator), RNTP (Relative Narrowband Transmit Power) could be used for interference mitigation coordination.  But all of these existing functions in current spec may not be suitable for new interference mitigation condition like UL-DL and DL-UL interference. UL-DL and DL-UL interference could happen both eNB-eNB and UE-UE interference. In this contribution, our focus is to study potential schemes to mitigate new interferences (eNB-eNB and UE-UE interferences) in flexible subframes (e.g. subframe #3, 4, 6, 7, 8, 9). 
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Figure 1 New interference situation in eIMTA
3 Interference mitigation schemes 
Interference mitigation schemes are targeted for mitigating interference and especially important for guaranteeing performance in flexible subframes. In this section we would discuss each IM scheme. But we may need to know each IM scheme is not independent - many of them could be combined or coordinated to jointly mitigate the interference.  
3.1 Cell clustering interference mitigation (CCIM)
According to [1], CCIM scheme means cells could be divided into different clusters based on some metrics, such as coupling loss, interference, etc between cells. The cells belonging to same cluster would adopt same TDD configuration. 

This scheme is supposed to have perfect “new interference” mitigation capability due to same TDD configuration among cells. But some potential issues need to be clarified as well,  
Issue I) How to select clusters in the network? 
Coupling loss and interference are example metrics to select clustering mentioned in [1]. But whether these need to be standardized and if it needs to be standardized, how to measure them needs some discussions. New reference signal was proposed in [2] considering current PSS/SSS can not be received and transmitted simultaneously so that coarse synchronization and timing may be problematic. We doubt the necessity of new reference signal design before confirming existing reference signal, such as CRS, CSI-RS or PRS can not work well. The satellite location system like GPS and network based synchronization like  IEEE 1588 could be used for coarse synchronization. In addition, due to LoS channel condition and static position of eNBs, practical field test may be workable to determine the clustering [3]. If that is an accepted approach, there is no strong necessity to design the new signal. 

Another aspect in this issue is whether we need dynamic clustering mechanism. Based on our understanding, this would be considered from following points: 1) Complexity 2) Signaling overhead 3) Spec impact 4) Performance. At least now we didn’t think big benefit of dynamic clustering mechanism considering four points above in non-ideal backhaul operation.
How to carry out the TDD configuration variation to adapt traffic?

The motivation of eIMTA is to adapt the traffic variation and improve the system performance. In case of CCIM, which adopts the same TDD configuration to avoid the potential cross-link interference, there is potential possibility to reduce the performance for some cells. So how to compromise TDD configuration of cells in the same cluster is one problem. Total traffic could be one metric but may not be optimal. So we don’t expect too many cells in the same cluster. A few cells in one cluster may be one reasonable approach to reduce the main interference but not hurt much on the traffic variation ability. 

So for CCIM, we propose:
- Whether clustering method need to be standardized or not to be discussed

- To judge whether current reference signals is sufficient or not 
- Dynamic clustering is not necessary 

- Clustering size is supposed to be small to balance the interference cancellation and traffic variation ability  

3.2 Scheduling dependent interference mitigation (SDIM)
SDIM means eNB adjusts the scheduling strategies e.g. link adaptation, resource allocation, transmit power, transmission direction of a subframe, considering e.g. the DL and UL channel quality, the eNB-to-eNB and UE-to-UE interference, traffic load, etc, according to [1]. 

In case of non-ideal backhaul, the performance of SDIM may be restricted by delay of non-ideal backhaul since each eNB has to do scheduling quickly and for itself. In addition, enhancement of X2 signaling may be necessary considering current signaling, for example OI can not distinguish the interference direction (uplink or downlink).  

Furthermore, flexible subframe potentially has larger interference fluctuation due to new interference introduction. Therefore, different CSI measurements may be beneficial to SDIM. At the starting point, current CSI measurement mechanism in eICIC/FeICIC may be considered to be used to reflect such interference difference.  

Another aspect in this scheme is the false alarm of grant. The situation would be heavier if UE misdetects UL grant in DL operation as cell because it may generate large inference to other users. 

3.3 Interference suppressing interference mitigation (ISIM)
ISIM could be regarded as implementation based scheme from receiver algorithm point of view. But it may also need some signalling or measurement support. For example in case of eNB-eNB interference, if eNB receiver could estimate channel from another cell, then it may accurately cancel the strongest interference and improve the performance largely.  
3.4 Interference mitigation based on legacy schemes (IMLS)

Here legacy schemes may mainly refer to eICIC/FeICIC and CoMP. For eICIC/FeICIC, actually the application background in Rel.10/11 is assuming same TDD configuration. Whether it could be used for dynamic TDD configuration needs some evaluations. Furthermore, eICIC/FeICIC used for mitigating eNB-eNB interference may impact the system and user performance in muting cells. In case of eICIC/FeICIC, some legacy reference signals and common control channels will be still transmitted so the eNB-eNB interference could be still strong. Therefore, pure eICIC/FeICIC may not fully solve the problem of eNB-eNB interference and potentially impact the performance. But some mechanism adopted in eICIC/FeICIC framework, for example multiple CSI measurement may possibly be re-used for reflecting interference difference, as mentioned above.

In Rel.11 CoMP is assumed ideal backhaul and used in the same direction (uplink or downlink). If non-ideal backhaul and cross-link interference is considered as basic assumption, whether current signaling supported in Rel.11 CoMP (e.g. multiple CSI-RS processes) is  used to mitigate the new interference is also questionable. 
3.5 Power control based schemes (PCS)
PCS could be categorized into two classes:
1) Downlink power control
2) Uplink power control. 

First one could be the good approach to cancel eNB-eNB interference, which may be the strongest interference in eNB receiver side. But at the same time, downlink power control may impact the cell coverage or legacy UE performance. If the downlink power control is only carried out in flexible subframe where legacy users are not scheduled, then it would be no impact to legacy users.

For class 2), the power increase of user in uplink could fight against the eNB-eNB interference but it could also increase the power consumption of UE and cause larger interference to other UEs. Due to potentially larger power difference of eNB and UE, whether such power increase could give large benefit is also questionable. So downlink power control and uplink power control needs to be coordinated together to improve the SINR in eNB receiver. 

3.6 Signaling exchange between UE/eNB and eNB
Based on the analysis on each interference mitigation scheme in section 3.1 to 3.5, we observe potential signaling exchange and measurement between UE/eNB and eNB in Table 1, from which we have two observations: 

- Probably no need to design new signalling between UE and eNB
- Measurement and enhanced X2 signalling may be necessary between eNB and eNB 
Table 1 Signaling exchange and measurement between UE/eNB and eNB
	
	CCIM (clustering)
	SDIM (scheduling)
	ISIM (suppressing)
	IMLS (legacy schemes, e.g. eICIC)
	PCS (power)

	Between UE and eNB
	no information exchange (transparent clustering to UE)
	Option 1: Different CSI measurements (if mechanism in eICIC could be borrowed)

Option 2: No information exchange
	no information exchange
	no information exchange
	Option 1: New Power control command/procedure (for boosting UE power)
Option 2: No new signaling

	Between eNB and eNB
	Option 1: no information exchange (if field test is workable)

Option 2: RS used for measurement 
	1. RS used for measurement (for eNB-eNB interference)

2. X2 signaling to indicate UL or DL interference (e.g. via enhanced OI) 
	Option 1. RS used for measurement (for eNB-eNB interference)

Option 2: no information exchange (purely rely on receiver algorithm)
	1. RS used for measurement (for eNB-eNB interference)

2. X2 signaling to indicate UL or DL interference (e.g. via enhanced OI)
	1. RS used for measurement (for eNB-eNB interference)

2. X2 signaling to indicate UL or DL interference (e.g. via enhanced OI) 


As for the measurement, legacy reference signals could be re-used if coarse synchronization/timing is based on GPS/network.  For the X2 signaling between eNB and eNB, the reason to enhance that is because current X2 signlaing (e.g. OI) can not distinguish DL and UL interference.

In addition, the necessity of signalling enhancement may depend on the assumption on backhaul. Here we assume the backhaul is non-ideal so we have two observations above. If the backhaul is ideal, everything could be pure implementation. Even if the backhaul is non-ideal, we see the enhancement of signalling or measurement could be beneficial to all the schemes so from standardization point of view, there is no need to specify which scheme is supported in the standard. So we propose: 

· There is no need to specify any interference mitigation method explicitly
3.7 Combination of interference mitigation schemes

CCIM is relatively independent considering it already mitigates the eNB-eNB and UE-UE interference semi-static manner although the performance of traffic adaptation needs to be per cluster level. If inference mitigation between/among clusters is important, CCIM (at least for cluster edge cells) could combine any of other schemes, even with CCIM itself. For example two clusters use the same TDD configuration and it is like one cluster with increased cell number. 
ISIM could coordinate with other schemes well. But from new interference mitigation point of view, there is no need for CCIM to coordinate with ISIM. For other schemes, it seems arbitrary combination among them is possible to jointly mitigate the interference. But the combination importance or relationship may be different. For example, if eICIC (legacy scheme) is considered, then ISIM may be necessary to be combined to cancel for example CRS or common control interference from another cell. PCS scheme may also need ISIM scheme to mitigate the eNB-eNB interference although UE power may be increased.  
4 Channel for mitigation schemes
Another discussion point is whether the target channels for mitigation are protected by HARQ or not. For example, if PUCCH/PDCCH/EPDCCH which is not protected by HARQ is transmitted in flexible subframe, we see the strict requirement on interference mitigation schemes to guarantee the transmission of those channels. But if only PDSCH or PUSCH which is generally protected by HARQ is transmitted in flexible subframe, the requirement on interference mitigation could be relaxed. So we propose:
- The amount/necessity of interference mitigation should be distinguished between the channel with HARQ (PDSCH/PUSCH) and the channel without HARQ (controls)
5 Summary
This contribution mainly analyzed the interference situation in flexible subframes and potential enhancement/necessity of interference mitigation schemes. Our observations are 

Observation 1: Probably no need to design new signalling between UE and eNB
Observation 2: Measurement and enhanced X2 signalling may be necessary between eNB and eNB

For CCIM scheme, we propose

Proposal 1: Whether clustering method need to be standardized or not to be discussed
Proposal 2: To judge whether current reference signals is sufficient or not 

Prososal 3: Dynamic clustering is not necessary 
Propsoal 4:  Clustering size is supposed to be small to balance the interference cancellation and traffic variation ability  
In addition, we propose: 
Proposal 5: There is no need to specify any interference mitigation method explicitly
Proposal 6: The amount/necessity of interference mitigation should be distinguished between the channel with HARQ (PDSCH/PUSCH) and the channel without HARQ (controls) 
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