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1. Introduction
In RAN1#62 meeting, it was agreed that time domain based ICIC should be included in Rel-10 [1], in which, besides the RLM/RRM/CSI measurement should refer to specific subframes instead of all available subframes, following issues should also be taken into account in the coordination [2,3,4]:

· Detection of PSS/SSS/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
In [4], it was pointed out that “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. 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).” From this analysis, there may have two candidate solutions:

· Receiver dependent interference cancellation on top of coordination between layered cell 
· Network dependent interference avoidance/coordination
For FDD, it is possible to introduce subframe offsets to avoid inter-cell interference on PSS/SSS/PBCH across layers, which is just a network dependent IC solution. 
According to previous discussion in RAN1, using subframe offsets across layers seems not applicable to TDD in general, however, after offline discussion on [2, 5] in RAN1#62, we revisit the value and potential issues when subframe offsets is applied for TDD system. Jointly considering the possibility of configuring fake uplink subframe [6] in interfering cell, we would like to have more discussion of the possibility and feasibility of applying subframe offset on top of adopting different DL/UL configuration between interfering cell and interfered cell. 

In following sections, take the deployment of Macro-Pico for example, we will give some illustrations of interference avoidance between layered cells based on that subframe offset pluses fake uplink subframe, as well as present some potential issues that may accompany such kind of solution. 
2. Layered interference coordination by subframe offset

Seven UL-DL TDD configurations are supported in Rel-8/9, as shown in Table 1, in which two downlink-to-uplink switch-point periodicity are defined, so the subframe offset configuration can only be applied between layered cells with same downlink-to-uplink switch-point periodicity. 
Table 1: Rel-8/9 UL-DL configurations

	Uplink-downlink 

Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


From [6], it is proposed that interfering cell adopt heavier uplink configuration compared with the interfered cell in order to allow certain uplink subframe to be null as fake uplink subframe to mitigate the interference to the interfered cell. 
So for 5ms downlink-to-uplink switch-point periodicity, we assume Macro cell (interfering cell) is configured as configuration 1, while the Pico cell (interfered cell) is configured as configuration 2, which is illustrated as Figure 1.
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Figure 1

From this Figure, interference from Macro 1 to Pico on subframe#4 can be mitigated by restricting scheduling UL transmission on subframe#4 in Macro 1, however, interference on subframe#0 and subframe#5 carrying PBCH and SIB-1 still need some additional consideration. Following which, assume one subframe offset is introduced in Pico:
In the case of Macro cell 1 is configured as DL/UL configuration 0 while Pico cell is configured as DL/UL configuration 1, which is illustrated in Figure 2. 
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	Figure 2. Macro cell 1(configuration 0) + offset Pico cell (configuration 1)


From Figure 2, we can see interference from Macro cell 1 on subframe#0 of Pico cell is changed from subframe#0 to subframe#1, and interference from Macro cell 1 on subframe#1 of Pico cell is changed from subframe#1 (DL) to subframe#2 (UL), when subframe 2 of Macro cell 1 is restricted from UL scheduling, then only PUCCH will be transmitted at the carrier edge that just avoids the PSS/SSS transmitted at central 6 PRB in most cases, so PBCH and PSS/SSS will no longer overlap between layered cells with each other. 
In this example, with fake uplink subframe configured in interfering cell, and one subframe offset introduced to interfered cell, we can see that in interfered Pico cell, interference from Macro cell 1 on subframe#0, subframe#1, subframe#5 and subframe#6 of Pico cell could be effectively mitigated except that the CRS interference still exists at the cost of sacrificing more Macro cell 1 resources, which means even the subframe#4 and subframe#9 can not be used due to their overlapping with subframe#0 and subframe#5 of interfering Macro cell, there are 4 DL subframes could be taken as friendly to Pico cells without much impact on the Macro cell 1’s behaviour of common control channels.
To the contrary, Macro cell and Pico cell adopt same configuration, configuration 1, without introducing offset in Pico cell, we can see in the total 6 DL subframes, in Pico cell, only subframe#4 and subframe#9 can be exempt from Macro cell interference except for CRS interference, which means there are 2 DL subframes could be taken as friendly to Pico cells without much impact on the Macro cell 1’s behaviour of common control channels.
In the neighbouring Macro cell 2, subframe#4 and subframe#9 that are labelled as yellow could be configured as DL or UL subframe on the condition that subframe#4 and subframe#9 of Macro cell 1 are configured as fake UL subframe, which will depend on the confirmation of the mutual interference between neighbouring Macro cells (e.g., Macro cell 2) and the Pico cell. If the interference condition has to force Macro deployment to adopt heavier UL configuration than the Pico cell deployed in one Macro cell area, it maybe a great risk and such benefit will make little sense.
Further, to reduce such kind of risk, we are seeking to introduce subframe offset in neighbouring Macro cell (e.g. Macro cell 2), correspondingly, we can find neighbouring Macro cell does not necessarily need to be configured as heavier UL than Pico cell when subframe offset is applied to it too, which is illustrated in Figure 2-a,
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	Figure 2-a. Macro cell 1(configuration 0) + offset Pico cell (configuration 1) + offset Macro cell 2(configuration 1)


Similar results can be observed in the case of Macro cell 1 is configured as DL/UL configuration 1 while Pico cell is configured as DL/UL configuration 2, which is illustrated in Figure 3. 
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	Figure 3. Macro cell 1 (configuration 1) + offset Pico cell (configuration 2) + offset Macro cell 2(configuration 2)


For 10 ms downlink-to-uplink switch-point periodicity, similarly, two cases are illustrated as Figure 4 and Figure 5, respectively. 
Figure 4 gives the case where Macro cell 1is configured as DL/UL configuration 4 while Pico cell is configured as DL/UL configuration 1, which is illustrated in Figure 4. 
	
[image: image6.wmf]P

i

c

o

0

1

2

3

4

5

6

7

8

9

M

a

c

r

o

 

1

M

a

c

r

o

 

2

F

a

k

e

 

U

L

M

a

c

r

o

 

1

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9



	Figure 4. Macro cell 1 (configuration 3) + offset Pico cell (configuration 4) + offset Macro cell 2(configuration 4)


Figure 5 gives the case where Macro cell 1 is configured as DL/UL configuration 4 while Pico cell is configured as DL/UL configuration 1, which is illustrated in Figure 5.
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	Figure 5. Macro cell 1 (configuration 4) + offset Pico cell (configuration 5) + offset Macro cell 2(configuration 5)


3. Potential issues
From above analysis, it seems that more subframes can be better used in Pico by applying fake uplink subframe in Macro cell and introducing subframe offset in Pico cell, however, there are still some potential issues to be considered when interfering cell and interfered cell adopt different DL/UL configuration and subframe offset is applied to Pico cell:

In case of subframe offset is only applied to Pico cell, this benefit only makes sense under the assumption that the neighbouring Macro cell and the Pico cell will not have severe cross interference, so 3 interference scenarios should be confirmed if no sumbframe offset is applied to neighbouring Macro cell:
1. Interference from UL transmission of multiple Pico cells to the DL transmission of neighbouring Macro cells (e.g. Macro cell 2) with the same DL/UL configuration. 
2. Interference from DL transmission of neighbouring Macro cells (e.g. Macro cell 2) to the UL transmission of Pico cells.

3. Interference from DL transmission of Pico cells to the UL transmission of Macro cells (e.g. Macro cell 2).
a) If the interference is severe, UpPTS will be overridden and DL/UL configuration will not be valid for such kind of solution.
In case of subframe offset is applied to both neighbouring Macro cell (e.g. Macro cell 2) and Pico cell:
1. PRACH configuration restriction;

2. PUCCH overridden by neighbouring Macro cell;
4. Summary

In this contribution, a possible solution for TDM based ICIC in TDD system is illustrated by applying subframe offset on top of adopting different DL/UL configuration between interfering Macro cell and interfered Pico cell, and corresponding potential issues to be confirmed are raised for more discussion. 
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