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1. Introduction 

In the Macro-Femto scenario, Macro UEs will suffer severe interference when they are in close proximity of HeNB. In order to mitigate this interference, in RAN1#61bis and #62 meetings, power setting schemes and Time/frequency domain approaches were discussed. 
In RAN #62, the way forward for eICIC Macro–Femto Co-channel scenario[1]:
· Macro-Femto: 

· Baseline

· No backhaul coordination 
· Reflects RAN3 status 

· Time-domain/power setting solutions

· Support for restricting RLM/RRM/CSI measurements at the UE to certain resources 
In this contribution, we propose symbol-level time-shifting with symbol-level downlink power setting to mitigate PDCCH interference between Macro eNB (MeNB) and Home eNB (HeNB) as one solution for Rel-10 eICIC. 
2. Time-Shifting with Downlink PDSCH Power Setting
2.1 Proposed Scheme

The proposed scheme works as follows:

A) HeNB downlink frame is time shifted by at least 3 (maximum CFI =3) OFDM symbols to avoid the HeNB CCH and MeNB CCH overlapping with each other in time domain.

B) Decide MeNB low transmit power PDSCH region, which consists of maximum 3 PDSCH OFDM symbols and should be aligned with HeNB CCH region. The PA value (TS 36.213 5.2 “Downlink power allocation” Section) indicated to the UE is reduced accordingly. 
By proposed scheme, MeNB and HeNB PDCCH regions are not overlapped through time shifting, at the same time, the interference between PDCCH and PDSCH can be alleviated through proper power setting to reduce the transmit power of PDSCH.
For PDCCH region size, we should notice that:

· MeNB: PDCCH region size varies from 1 to 3 OFDM symbols, depending on user number and channel condition, etc.

· HeNB: Since user number is small (less than 32 for Femto), PDCCH region size generally varies from 1 to 2 OFDM symbols. 
In the following subsections, we show some examples of our proposed scheme.
2.2 Low Transmit Power PDSCH Region with fixed OFDM Symbol Number
In this case, the low transmit power PDSCH region size is fixed to 1 to 3 OFDM symbols. Figure 1 and Figure 2 show the cases of 3 and 2 OFDM symbol low transmit power region sizes. Because the region size is fixed, MeNB does not need any information from HeNB, and MeNB-HeNB interface like X2 is not necessary.
For HeNB, due to small user number, generally PDCCH region size is less than 2 OFDM symbols. Therefore, we can fix the MeNB low transmit power PDSCH region size to 2 OFDM symbols, without loss of interference mitigation effect, as shown in Figure 2.
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Figure 1 MeNB Low Transmit Power PDSCH region is fixed to 3 OFDM symbols

[image: image2.emf]: RS for antenna port#0

: RS for antenna port#1

: CCH(PDCCH/PHICH/PCFICH)

: SCH(PDSCH/P-SCH/S-SCH/PBCH)

1 subframe

1 OFDM symbol

1

 

s

u

b

c

a

r

r

i

e

r

1

 

r

e

s

o

u

r

c

e

 

b

l

o

c

k

CCH region(1～ 3 OFDM symbol(s))

f

r

e

q

u

e

n

c

y

t

0

t

1

t

2

t

3

t

4

t

5

t

6

t

7

t

8

t

9

t

10

t

11

t

12

t

13

time

t

0

t

1

t

2

t

3

t

4

t

5

t

6

t

7

t

8

t

9

t

10

t

11

t

12

t

13

t

0

t

1

t

2

t

3

t

4

t

5

t

6

t

7

t

8

t

9

t

10

t

11

t

12

t

13

time

t

0

t

1

t

2

t

3

t

4

t

5

t

6

t

7

t

8

t

9

t

10

t

11

t

12

t

13

: Low Transmit Power

HeNB：

MeNB：


Figure 2 MeNB Low Transmit Power PDSCH region is fixed to 2 OFDM symbols

2.3 Low Transmit Power PDSCH Region for both MeNB and HeNB
Up to now, most contributions only focused on protecting HeNB PDCCH. For Macro UEs in close proximity of HeNB, MeNB PDCCH could suffer interference from HeNB. In order to protect MeNB PDCCH, it is necessary to reduce the transmit power of HeNB PDSCH located at the same position. 
Figure 3 shows the case that low transmit power PDSCH regions are applied to both MeNB and HeNB.
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Figure 3 Low Transmit Power PDSCH region for both MeNB and HeNB
2.4 Adaptive Low Transmit Power PDSCH Region Size
In the case that MeNB have the information of HeNB PDCCH OFDM symbol numbers via X2 etc, adaptive low transmit power PDSCH region size could be possible, as shown in Figure 4. However, this case can be excluded from current consideration for Rel-10 because it requires more interactions between MeNB and HeNB.
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Figure 4 Adaptive Low Transmit Power PDSCH region size
3. Conclusion
In this contribution, we propose a symbol-level time-shifting with symbol-level downlink PDSCH power setting scheme to mitigate control channel interference between MeNB-HeNB. The proposed approach is flexible, easy to implement. No X2 interface is necessary for the case of fixed low transmit power PDSCH region size. Therefore, we propose
· Time shifting in combination with low transmit power PDSCH region of fixed size (2 or 3 OFDM symbols) should be considered as one solution for Rel-10 eICIC.
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