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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
For FDD, it becomes a default assumption that subframe offset be introduced to ease the detection of PSS/SSS/PBCH and the detection of PDCCH masked with P-RNTI and SI-RNTI (for SIB-1 only) and associated PCFICH on PCFICH, PHICH and PDCCH. Then, for FDD, only interference from CRS on PCFICH, PHICH, PDCCH and PDSCH becomes a left-over problem to be resolved, which is common for both TDD and FDD.
However, as has been pointed out in previous RAN1 contributions, directly using subframe offsets is not so friendly to TDD in general, and therefore RAN WGs need to find solutions to ensure PSS/SSS/PBCH and Paging/SIB-1 detection in TDD deployments.
In this contribution, take the deployment of Macro-Pico deployment for example, we present 2 possible candidate solutions for TDD from different angle, respectively, one of which mainly relies on RAN4 effort, and the other one of which mainly relies on RAN2 effort. 
2. Candidate solutions for TDD
2.1   Interference coordination by applying 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


It is proposed[5] 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 and DL transmission on corresponding DL subframes in Macro 1, however, interference on subframe#0 and subframe#5 carrying PBCH and SIB-1 still need to be mitigated for Pico cell. Following which, if one subframe offset is applied in donor Macro cell as Figure 2 illustrated:
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	Figure 2. Offset Macro cell 1(configuration 0) + Pico cell (configuration 1)


From Figure 2, we can see interference from Macro cell 1 on subframe#0 of Pico cell is shifted 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). In normal condition, it cause inter-cell DL to UL interference due to DL/UL subframe jamming, which can be resolved by configuring subframe#1 and subframe#6 as ABS, where at most non-unicast PDSCH and associated PDCCH are allowed to be scheduled and transmitted. 
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. Offset Macro cell 1 (configuration 1) + Pico cell (configuration 2)


Based on such configuration, it seems that the detection of PSS/SSS/PBCH and Paging/SIB-1 can be guaranteed, however, it only applies for the inter-frequency measurement cases due to DL/UL subframe jamming between serving cell and neighbouring cell. Consequently, frequency shift should be introduced between donor Macro cell and Pico cell, i.e., central frequency of the victim Pico cell and donor aggressor Macro cell is different. Frequency shift in multiple of 300KHz could be configured as per the raster requirement. One example is shown in Figure 4.
	
[image: image5.wmf]T

i

m

e

F

r

e

q

u

e

n

c

y

C

a

r

r

i

e

r

 

b

a

n

d

w

i

d

t

h

 

o

r

 

M

a

c

r

o

 

c

e

l

l

C

a

r

r

i

e

r

 

b

a

n

d

w

i

d

t

h

 

o

f

 

P

i

c

o

 

c

e

l

l

3

0

0

K

H

z



	Figure 4. 300KHz frequency shift applied in Pico cell relative to Macor cell


Proposal 1

Jointly using 300KHz frequency shift and subframe offset in HetNet deployment to guarantee the detection of PSS/SSS/PBCH and Paging/SIB-1, and inter-frequency measurement should be defined based on specific resource in addition to the intra-frequency measurement.
2.2   Interference coordination by conveying interfered information with dedicated RRC signalling

In [4], it is proposed that 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. However working effort is still required to handle how to ensure PSS/SSS, as well as PDCCH masked with P-RNTI and SI-RNTI orthogonality across layers.

Following this consideration and jointly considering the fixed 20ms transmission interval of SIB-1, orthogonality of PDCCH associated with SIB-1 can be achieved by applying 10 ms radio frame offsets across two layers. If same transmission interval of Paging occasion can be assumed, orthogonality of PDCCH associated with Paging can be achieved as well by applying 10 ms radio frame offsets across two layers. Contrary to 5ms radio frame offset, orthogonality of PBCH can not be achieved by applying 10 ms radio frame across two layers since its transmission interval is 10ms, although it is required the UE to detect the PBCH again when the system information is changed. Obviously, PSS/SSS reliability will face the same problem. However, considering it is agreed in RAN2 for CA that the required system information (including SIB-1) of Scell should be transmitted from Pcell by dedicated RRC signalling when removal and addition of Scell, so the concern on PBCH detection in Pico cell can be mitigated by transmitting MIB to UE in CRE region by similar way, i.e., it is required that MIB should be transmitted to UE in connected mode. Similarly, PSS/SSS detection reliability can be released by transmitting the PCI of Pico cell to UEs through RRC signalling.
Proposal 2
PBCH and PSS/SSS of victim cell should be transmitted to UE in victim cell or UE targeting the victim cell in connected mode.
3. Potential issues of candidate solutions
Issues accompanying candidate solution 1:

a) Handover Latency – inter-frequency measurements should be adopted instead of intra-frequency measurement which should have been the default mode in Hetnet deployment;
b) Interference variation – some DL and UL subframes in aggressor cell will be null at the same for mitigating the interference on victim cell, but the interference of UL and DL is different.
Issues accompanying candidate solution 2:

a) Paging Latency – Paging occasion is restricted to once every 20ms, the paging latency may become longer with the increasing of UEs in the victim cells;
b) RRC signalling overhead – PCI and PBCH should be transmitted additionally to UEs by RRC signalling.

4. Summary

In this contribution, 2 candidate solutions R10 TDD system is illustrated by applying joint frequency shift and subframe offset, and assistant RRC signalling, respectively. We would like to propose RAN WGs to take these 2 solutions into account and carry out some related work. 
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