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1. Introduction
As inter-cell interference problem becomes more serious in a heterogeneous network which consists of nodes having different transmission power in general, some interference coordination methods are required in order to maximally exploit the potential gain [1]. During the discussions on the inter-cell interference problem in a heterogeneous network, it is observed that, in case where a CSG HeNB is deployed on a carrier which is also used by a MeNB as depicted in Figure 1, the SINR of some MUEs are severely degraded and even the control channel decoding cannot be guaranteed [2, 3]. This observation strongly proclaims the necessity of an interference coordination mechanism in co-channel HeNB deployment scenarios.

[image: image1.emf]MeNB

HeNB

HUE

HUE

Inter-cell 

interference

MUE

PDCCH

PDSCH

f1 f2

PDCCH

PDSCH

f1 f2

MeNB HeNB

f f


Figure 1. An example of DL inter-cell interference scenario in co-channel HeNB deployment scenarios.

In this contribution, we propose a coordination method which can guarantee the DL control channel decoding in co-channel HeNB deployment scenarios.
2. Coordination for DL control channel
2.1. Coordination for control channel performance
As observed in [2, 3], MeNB’s DL signal transmitted to a MUE located within the coverage of a HeNB is severely corrupted by HeNB’s DL signal. In order to guarantee the control channel decoding even in this situation, the signal to the MUE and the interference from the HeNB should be orthogonalized by occupying non-overlapping resource. As the CA-based frequency domain resource separation is not possible in this co-channel deployment case, it is needed to consider a time-domain approach in which the HeNB stops its DL transmission at the time when a MUE close to it receives DL control channel.
Here, we note that the CRS frequency shifting of the MeNB or HeNB cannot be a solution in resolving the control channel decoding problem of MUE. Figure 2 depicts an example of this operation for the case where CRS pattern of the MeNB is shifted by one subcarrier. Two and four antenna ports are assumed in the HeNB and MeNB, respectively. In this case, because HeNB’s CRS interferes with MeNB’s PDCCH, the CRS frequency shifting cannot guarantee the PDCCH performance of a MUE that is within the HeNB coverage as shown in Appendix. 
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Figure 2. Examples of CRS frequency shifting in MeNB 

One way to do the time-domain separation is to adopt the symbol-level subframe shifting [4]. HeNB delays its subframe boundary by k OFDM symbols so that its PDCCH does not overlap with that of MeNB. The amount of subframe shifting depends on the number of PDCCH symbols and CRS positions. First, it is desirable to shift HeNB’s subframe such that HeNB’s CRS does not overlap with the PDCCH region of MeNB. This is because HeNB cannot mute its CRS transmission, so PDCCH for the MUE can be seriously corrupted if the PDCCH is transmitted at the symbol where HeNB transmits its CRS. As shown Figure 3, if MUE’s PDCCH length is limited to 1 or 2, subframe shift with k=2 can be a solution. If 3-symbol PDCCH should be supported to the MUE, then subframe shift with k=6 can be selected under the assumption that HeNB has 1 or 2 CRS antenna ports.
[image: image3.emf]MeNB 0 1 2 11 12 13

PDCCH PDSCH

0 1 2

HeNB 0 1 2 11

PDCCH

PDSCH

3 4 5 6 7 8 9 10

12 13 3 4 5 6 7 8 9 10 12 13 0

Symbol containing CRS 

of antenna ports 0 and 1

Symbol containing CRS 

of antenna ports 2 and 3

Subframe 

shifting by 

2 symbols

MeNB 0 1 2 11 12 13 0 1 2

HeNB 0 1 2 11

3 4 5 6 7 8 9 10

12 13 3 4 5 6 7 8 9 10

Subframe 

shifting by 

6 symbols

8 9 10


Figure 3. Examples of symbol-level subframe shifting in HeNB (by two and six OFDM symbols).
2.2. Coordination for radio link failiure avoidance
Another issue on the control channel decoding in co-channel HeNB deployment scenarios is the possibility of the unnecessary declaration of a radio link failure (RLF) [5]. A MUE under the coverage of HeNB can be provided with a reliable PDCCH and PDSCH by the above-mentioned symbol-level subframe shifting along with some proper coordination methods for the data channel such as cooperative silencing, subband allocation, and coordinated beamforming. However, in some cases, the connectivity of the MUE cannot be maintained even with these coordination methods. This is because MUE continuously measures the SINR of MeNB’s CRS to check the reliability of the serving cell signal but, due to the strong interference from the HeNB, it is possible that the average CRS SINR is too low. In this situation, the MUE declares RLF and then performs the actions upon leaving RRC_CONNECTED or initiates the connection re-establishment procedure.
One way to prevent this declaration of a radio link failure is that HeNB performs additional RE puncturing (for all UEs) or rate matching (for future release) for the REs used by MeNB’s CRS. Figure 4 depicts an example of this operation for the case where two-symbol shifting is applied as in Figure 3. Two and four antenna ports are assumed in the HeNB and MeNB, respectively, and CRS pattern of the MeNB is assumed to be shifted by one subcarrier. As shown in the figure, this RE puncturing can provide the MUE with interference-free CRS and prevent an unnecessary declaration of a radio link failure.
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Figure 4. An example where HeNB transmits a null RE at the position overlapped with the MeNB’s CRS. (Normal subframe pattern)
One disadvantage of the method proposed in this contribution is the degradation of HUE’s DL performance due to the RE puncturing. In general, the off-loading effect obtained by deploying HeNB is expected to be huge and a HUE will occupy a large amount of resources, the performance loss caused by the RE puncturing seems to be acceptable. For future release UEs, rate matching or puncturing can be applied based on the null RE pattern signaled from HeNB. And for legacy UEs,  the impact of the above-mentioned RE puncturing can be mitigated if the coordination is done in conjunction with MBSFN subframe (or special subframe for LTE-A) configuration. For example, if MeNB configures the subframe depicted in Figure 4 as MBSFN subframe so that the MUE stops measuring the CRS quality, then the HeNB does not need to puncture the corresponding REs resulting in the operation depicted in Figure 5.
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Figure 5. An example where a subframe at which HeNB is active is configured as MBSFN subframe. (MBSFN subframe or special subframe pattern)
Figure 6 shows an example of the overall time domain coordination between MeNB and HeNB. From the HeNB operation perspective, there are three different types of subframes; the almost blank subframe (denoted by AB) where HeNB transmits no DL signal except for its CRS, the active subframe with the full CRS puncturing pattern as depicted in Figure 4 (denoted by Tx(f)), and the active subframe with the partial CRS puncturing pattern as depicted in Figure 5 (denoted by Tx(p)). In this figure, HeNB uses the partial CRS puncturing pattern in subframe #0 and #5 to transmit the system information more reliably to legacy UEs and additionally in subframe #9. MeNB configures a subframe (#3, #7, #8) as MBSFN subframe if it overlaps in the PDSCH region with the subframe where HeNB is active with the partial CRS puncturing pattern. In the figure, the notations N and M denote normal and MBSFN subframes, respectively. In order for MeNB to reliably schedule DL transmission to a MUE within the HeNB’s coverage, the HeNB needs to be almost blank in two consecutive subframes; one for the interference suppression for MUE’s PDCCH and the other for the interference suppression for MUE’s PDSCH. Such a subframe (#0, #1, #5 from the MeNB perspective) is marked in green in the figure. In the other subframes (marked in yellow), it is possible for the MeNB to schedule another MUE which is far from the concerned HeNB.
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Figure 6. An example of the overall time domain coordination between MeNB and HeNB

3. Conclusion
This contribution has discussed about the coordination of DL control channel when MeNB and HeNB share the same spectrum. The proposal of this coordination can be summarized as follows:
Proposal:  Employ the symbol-level time offset between HeNB and MeNB and the RE puncturing (or rate matching) in DL transmission of HeNB as the DL control channel coordination.

This proposal guarantees the PDCCH decoding performance as well as the RLF avoidance. It is also advantageous that this proposal enables legacy MUEs to operate under HeNB coverage without introducing the frequency spectrum separation between MeNB and HeNB.
______________________________________________________________________
References
[1] R1-101369, Considerations on interference coordination in heterogeneous networks, LG Electronics.

[2] R1-100902, Considerations on Interference Coordination in Het-Net, CATT.

[3] R1-101451, Downlink CCH performance aspects for co-channel deployed macro and HeNBs, Nokia Siemens Networks, Nokia.

[4] R1-101122, Downlink Control Protection in LTE, Motorola.
[5] R1-101505, Extending Rel-8/9 ICIC into Rel-10, Qualcomm Incorporated.
______________________________________________________________________
Appendix
· 2x2 SFBC encoding and decoding
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1. Encoding
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where 
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: subcarrier index, 
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: symbol index



SFBC encoder input: 
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SFBC encoder output for Tx Ant0: 
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SFBC encoder output for Tx Ant1: 
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2. Received signal 

[image: image14.wmf](0)(0)(0)

12

(1)(1)*(1)

34

(0)(1)(0)

12

(1)(0)*(1)

34

2,

(2)()(2)

(2)()(2)

21,

(21)()(21)

(21)()(21)

fk

hh

rkxik

hh

rkxik

fk

hh

rkxik

hh

rkxik

e

e

e

e

=

éùéùéù

éù

=+

êúêúêú

êú

-

ëû

ëûëûëû

=+

éùéùéù

+éù+

=+

êúêúêú

êú

++

ëû

ëûëûëû


where 
[image: image15.wmf](0)

(2)

rk

: received symbol at subcarrier f=2k on Rx Ant0 
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3. Decoding 

(The ideal channel estimation is assumed.)
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According to the above analysis, if interference signal corrupts one RE of the SFBC pair, SFBC performance may be severely degraded. So the ICIC solution using only CRS frequency shifting cannot guarantee reliable PDCCH performance of a MUE under the HeNB coverage due to the high interference from the CRS of HeNB. 
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