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1 Introduction

In Rel-10, downlink channel performance under Heterogeneous network deployment was evaluated, and various solutions to mitigate the inter-layer interference were considered. Among the solutions, configuring ABS was agreed. This contribution presents performance evaluations of DL channels with ABS configuration under different interference cases. The results suggest that configuring ABS alone may be not enough to manage severe interference cases. Some suggestions for further enhancements to augment Rel. 10 eICIC are provided.
2 PDCCH/PDSCH performance
Configuring ABS in the interfering cell aims to decrease the amount of interference to the victim cell. This section examines victim PDCCH/PDSCH performance with ABS in the interfering cell to assess whether ABS can solve the interference issues.
2.1 PDCCH performance with ABS configuration
To keep backwards compatibility, CRS should be transmitted in a subframe configured as ABS. As a result, interference from the aggressor cell CRS to the victim still exists, and its effects are examined here.
The PDCCH performance conditioned on detecting PCFICH in the presence of CRS interference from the aggressor cell (2 Tx ports configured in the aggressor cell) is shown in Fig. 1. As the simulation assumptions stated in Appendix, the PDCCH aggregation level is set to 8 CCEs and the ratio between the received interference power and the received signal power varies from 0 to 16 dB. The results are conditioned on correctly determining the contents of the PCFICH. From the results, it is observed that an error floor occurs for the PDCCH performance when the ratio is greater than 9 dB. 
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Fig. 1. The block error rate performance of PDCCH conditioned on detecting PCFICH (8 CCEs).
Observation 1: Even with 8 CCEs, CRS on the first symbol of the aggressor cell degrades PDCCH performance beyond 1% BLER in the victim cell when the interference to signal power ratio is more than 9 dB.
2.2 PDSCH performance with ABS configuration
CRS from the aggressor cell with ABS enabled also affects PDSCH performance in the victim cell. Fig. 2 shows the PDSCH performance of two MCS levels (QPSK R=1/3 and 16QAM R=1/2) in the presence of CRS interference (2 Tx ports configured in the aggressor cell). The simulation assumptions are stated in the Appendix. In addition, correct PDCCH decoding is assumed. It is observed that the PDSCH performance for the initial transmission exhibits an error floor when the interference level is high (6 dB for the 16QAM R=1/2 case and 12 dB for the QPSK R=1/3 case). 
Observation 2: When the effects of CRS interference from aggressor cell is high (with ABS enabled), the PDSCH performance degrades and exhibits an error floor.
[image: image2.emf]-6 -4 -2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

Es/N0(dB)

BLER

QPSK+1/3 Coding Rate

No interference

0dB interference

6dB interference

9dB interference

12dB interference

[image: image3.emf]0 2 4 6 8 10 12 14 16

10

-3

10

-2

10

-1

10

0

Es/N0(dB)

BLER

16QAM+1/2 Coding Rate

No interference

0dB interference

6dB interference

9dB interference

12dB interference


Fig. 2. The block error rate performance of PDSCH with CRS interference.
2.3 Enhancements for PDCCH/PDSCH
The reason why interference from the aggressor cell CRS severely affects the victim cell PDCCH/PDSCH performance is that CRS pollution on the information-bearing REs (of the victim cell) limits the amount of useful soft information from those REs. Therefore, in this situation, muting transmission on these CRS-colliding REs in the victim cell which results in less number of REs for rate matching and mapping, or discarding the CRS-polluted REs before decoding might improve the performance of the PDCCH/PDSCH. Fig. 3 and Fig. 4 restate Fig. 1 and Fig. 2 results, respectively, but include the performance that discarding severely interfered REs) when decoding (blue line). 
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Fig. 3. The performance of PDCCH conditioned on detecting PCFICH and with interfered REs discarded.
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Fig. 4. The performance of PDSCH with interfered REs discarded.
The results in Fig. 3 and Fig. 4 suggest that discarding information on the interfering CRS locations when decoding PDCCH/PDSCH improves performance for most cases and SINR regions. For the performance of PDCCH, one possible improvement is to increase the number of control symbols in the victim cell. Since the resource element groups (REGs) associated with each CCE is distributed approximately evenly among the control symbols, more control symbols in the victim cell reduce the number of REGs that are affected by CRS from the aggressor cell.
Proposal 1: Not transmitting any information on these CRS-colliding REs or discarding severely interfered REs when decoding PDCCH/PDSCH is proposed to mitigate the effects of CRS interference.
3 PSS/SSS/ PBCH/ Paging and SIB1 performance
For backwards compatibility, the PSS/SSS/PBCH, and Paging and SIB1 (with their associated PDCCHs) should be transmitted even when their mapping times collide with ABS. Especially for TDD, system strict frame synchronization requirement should be maintained. Since PSS/SSS/PBCH, Paging, and SIB1 are transmitted on predefined subframes, resources from the aggressor cell and victim cell for these channels collide with each other inevitably. 
In this section, the performances of PSS/SSS/PBCH and Paging and SIB1 (with associated their PDCCHs) are addressed and the corresponding enhancements are proposed.
3.1 PSS/SSS/ PBCH performance and enhancements
The accepted synchronization acquisition requirement is that 98% of UEs can achieve synchronization in less than 500 ms and that the accepted PBCH performance is a miss-detection rate below 1% [2]. The detection performance of SCH (including the PSS and SSS) and performance of PBCH under different interference levels are evaluated and shown in Fig. 5. Fig. 5(a) shows the 98% acquisition time synchronization as a function of SNR and interference level using the simulation assumptions in the Appendix. This result shows that when the interference to signal power ratio is less than 9 dB, the synchronization acquisition time is below 500 ms. High interference to signal power ratios (e.g., 12 dB in the figure) lead to prolonged synchronization acquisition time even at high SNRs. Fig. 5(b) shows PBCH performance using assumptions in the Appendix. It is observed that the ratio of 6 dB or less yields the accepted PBCH performance requirement. However, when the interference to signal power ratio is larger than 6 dB (e.g., 9 dB in the figure), an error floor occurs. 
These results suggest that further enhancements are needed for PSS/SSS/PBCH for severe interference scenarios. One proposed improvement is to adjust the power of some PSS/SSS and PBCH transmissions in the aggressor cell [3]

 REF _Ref295400628 \r \h 
[4]. For example the aggressor cell mutes some PSS/SSS/PBCH transmissions for multiple radio frames to decrease the interference to the victim cell on these resources. 
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Fig. 5. (a) Performance of SCH and (b) Performance of PBCH.
Another possibility for improving PSS/SSS/PBCH performance is transmitting these signals/channels both at the carrier frequency and at another frequency within the carrier. As a result, the aggressor and victim cells can avoid their associated PSS/SSS/PBCHs from colliding. 
Proposal 2: Further enhancements may be needed for PSS/SSS/PBCH if scenarios with much more severe interference. PSS/SSS/PBCH power reduction (even muting) or duplicating these signals/channels can be used to mitigate the inter-cell interference.
3.2 Paging and SIB1 performance and enhancements
For paging and SIB1 messages, their PDSCHs (and corresponding PDCCHs) can be subject to the interference from both the CRS and the PDSCH (and corresponding PDCCH) of the aggressor cell regardless of whether ABS is enabled. For example, since the aggressor and victim cells are frame synchronized, the PDCCH and PDSCH that convey the SIB1 message for the aggressor cell may collide with that of the victim cell. 
To ensure Paging and SIB1 for the victim UE are received reliably, muting some of the transmissions of Paging/SIB1 is also effective. Another way to improve PDCCH performance is to decrease the collision probability among cells. Since the occupied REG locations for PDCCH mapping are a function of the cell id, it is possible to select two cell ids to decrease the number of resource collisions. In addition, it is possible to exchange and coordinate the time/frequency resources scheduled for Paging/SIB1 channels to avoid collisions. The following sections relate additional coordinating techniques for paging and SIB1 transmissions.
3.2.1 Coordinating time resources for paging and SIB1 message transmission 
One method to reduce the interference is to coordinate the paging and SIB1 PDSCH (with associated PDCCH) resources between Macro and LPNs in the time domain. 
For paging message the transmission time is on the paging occasion (PO) within the paging frame (PF) where PF and PO are determined by the discontinuous reception (DRX) cycle, nB, and UE_ID [5]. Therefore configuring the values of PO and PF among cells might achieve the coordinating objective. Fig. 6 shows an example where Cell1 is the aggressor cell while Cell2 is the victim cell. Both cells set nB to T/2, and then Cell1 is offset by 10 ms to Cell2, which results in odd frames of Cell1 being aligned with even frames of Cell2. With this configuration, paging messages from these two cells would not collide. In addition, Cell1 can configure ABS on the subframes when Cell2 transmits paging messages to decrease the interference seen on paging messages by Cell2.While the victim paging transmission performance is improved, paging parameter coordination may lead to paging capacity issues. For example in Fig. 6, only half of the frames are used as PFs. Since paging capacity is related to both T and nB, maintaining the paging capacity can be achieved by increasing the value of T which prolongs the paging cycle or by increasing the value of nB, which increases the number of POs within a PF.
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Fig. 6. An example of interference coordination for Paging.
For SIB1 message coordinating PDSCH and PDCCH resources between Macro and LPNs in the time domain is also effective. The SIB1 message is transmitted on subframe 5 of every even-th radio frame. Fig. 7 shows a coordination example for SIB1 protection. In this example, Cell1 is the aggressor cell, Cell2 is the victim cell, and there is 10 ms offset between Cell1 and Cell2. Therefore, SIB1 message transmissions from the two cells would not collide. In addition, Cell1 can configure ABS on the subframe when Cell2 transmits SIB1 to avoid interference to the Cell2 SIB1 transmission. Through these coordination techniques, interference seen by the Cell2 SIB1 message is greatly reduced.
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Fig. 7. An example of interference coordination for SIB1.
3.2.2 Coordinating frequency resources for paging message transmission
Another method to reduce the interference is to coordinate the paging and SIB1 PDSCH (with associated PDCCH) resources between Macro and LPNs in the frequency domain. Since the paging/SIB1 message is conveyed on the PDSCH, the aggressor and victim cells can coordinate which resource blocks are used for paging/SIB1 and data. For instance, the PDSCH for paging/SIB1 might be assigned to RBs 0 to 3 in the aggressor cell while assigned to RBs 4 to 7 in the victim cell. Further, both the victim and aggressor cells can reserve the first 8 RBs for no other PDSCH transmissions. As a result, the paging/SIB1 PDSCHs would not collide. 
Proposal 3: Coordinating the paging (SIB1) PDSCH and PDCCH resources between Macro and LPNs in either the time domain or frequency domain may achieve better paging  (SIB1) performance.

4 Conclusions
This contribution presents performance evaluations of several DL channels with ABS configuration and under severe interference conditions. The time domain ICIC in Rel.10 may not be able to overcome the PDCCH/PDSCH, PSS/SSS, PBCH, Paging, and SIB1 performance deterioration under severe interference cases. Some possible solutions are discussed accordingly. In summary, the observations and proposals are as below.

Observations

· Observation 1: Even with 8 CCEs, CRS on the first symbol of the aggressor cell degrades PDCCH performance beyond 1% BLER in the victim cell when the interference to signal power ratio is more than 9 dB.
· Observation 2: When the effects of CRS interference from aggressor cell is high (with ABS enabled), the PDSCH performance degrades and exhibits an error floor.
Proposals

· Proposal 1: Not transmit any information on these CRS-colliding REs or discard severely interfered REs when decoding PDCCH/PDSCH.
· Proposal 2: Further enhancements may be needed for PSS/SSS/PBCH if scenarios with much more severe interference occur, such as PSS/SSS/PBCH power reduction (even muting) or duplication.
· Proposal 3: It can be considered to coordinate the paging/SIB1 PDSCH and PDCCH resources between Macro and LPNs in either the time domain or frequency domain.
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Appendix
Table 1. Simulation assumptions
	Simulation parameters
	Value

	Channel bandwidth
	10MHz

	Interfering cell configuration
	almost blank subframe, 2Tx port

	TX/RX ports of PDCCH,PDSCH,PBCH
	2/2

	TX/RX ports of SCH
	1/2

	Interfering cell ID
	2

	Serving Cell ID
	0

	Cyclic prefix
	Normal

	Channel model
	EPA

	Channel estimation
	Wiener channel estimation

	Doppler frequency shift 
	5Hz

	Control region size for the victim cell
	2 symbols

	PHICH duration
	Normal, the first OFDM symbol is allocated to PHICH 

	Number of PHICH groups
	Ng=1

	Aggregation level of PDCCH
	8 CCEs

	DCI format of PDCCH
	Format 1

	Payload of PDCCH (w/o CRC)
	31 bits

	Channel coding of PDCCH
	1/3 rate TBCC with rate matching

	Scheduled PRB number for PDSCH
	4
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