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1 Introduction

In RAN1 #66bis, subframe shifting with almost blank subframe (ABS) is proposed as one possible solution to resolve the problems of PSS/SSS/PBCH/SIB1/Paging collision for macro-pico deployments with large CRE bias value; however, the legacy CRS interference to the control region still remains. In this contribution, we proposed symbol shifting method to deal with the legacy CRS interference.
2 Discussion
2.1 Problems of ICI in control region of victim cell
In the Rel-10 WI on “Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE”, almost blank subframe (ABS) has been agreed as baseline TDM eICIC for macro-pico deployment with large cell range expansion (CRE) bias value. ABSs are defined as follows [1]:

· All ABSs carry CRS

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitteds in the ABS (with associated PDCCH when SIB1/Paging is transmitted)

· No other signals are transmitted in ABSs

· If ABS coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region. (MBSFN subframe carrying signal in data region shall not be configured as ABS)

The legacy transmissions on ABS can cause impact on detection of PCI and system information for victim UEs. The legacy CRS of the aggressor cell also induces severe interference to both the control and data regions of the victim cells. 
To mitigate the impact of collision problems of PSS/SSS/PBCH/SIB1/Paging, subframe shifting is deemed as one possible solution [2]. While, there is still legacy CRS interference to PCFICH and PHICH in the control region of the victim cell.

2.2 Symbol shifting method
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Figure 1 Illustration of subframe plus symbol shifting

In order to mitigate the interference in the control region, it is proposed to use the symbol shifting method, as shown in Figure 1. PCFICH is located at the first symbol. The location of PHICH may vary from one to three OFDM symbols depending on the broadcasting information in PBCH. After subframe shifting, the transmission of the victim cell is delayed by several OFDM symbols (symbol shifting), so that the control region of the victim cell does not always collide with the legacy CRS. The number of symbols to be shifted is depended on the antenna port setting of the aggressor cell. 

(1) Two antenna ports case

For two antenna ports, CRS is only located at the first OFDM symbol of the control region. Shifting by one OFDM symbol is enough to resolve the interference problem from the legacy CRS transmission, as shown in Figure 2. By this method, PCFICH is interference free from the aggressor cell, and the legacy CRS interference to PHICH can also be fully reduced for all length cases. 
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Figure 2 Subframe plus symbol shifting for two antenna ports case (one symbol shifting for example)

(2) Four antenna ports case

For four antenna ports, CRS is located at both the first and second OFDM symbols of the control region. At least two OFDM symbols shifting is needed to resolve the legacy CRS interference, as shown in Figure 3. The legacy CRS interference to PCFICH, which is located at the first OFDM symbol, can be fully reduced. For length 1 and 2, PHICH is interference free from the legacy CRS. For length 3, PHICH may still be interfered by the legacy CRS; while the probability to be collided decreases by one half. 
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Figure 3 Subframe plus symbol shifting for four antenna port case (two symbols shifting for example)
2.3 Analysis of the symbol shifting number
In Table 1 and Table 2, the collision probability of PCFICH and PHICH with legacy CRS is illustrated for different symbol shifting number cases. For PCFICH, CRS interference can be fully mitigated in several symbol shifting number cases. Besides PHICH with length 3 for four antenna ports, there are shifting number cases which can fully mitigate interference from legacy CRS. 

By symbol shifting, data region of the victim cell may collide with the prochain non-ABS subframe of the aggressor cell. In order to minimize such impact, it would be better to use small symbol shifting number. Therefore, it is proposed to use one symbol shifting for two antenna ports, and two symbols shifting for four antenna ports. 

· Proposal 1: It is proposed to use subframe shifting to mitigate the collision interference of PSS/SSS /PBCH/SIB1/ Paging.

· Proposal 2: It is proposed to use symbol shifting to mitigate the legacy CRS interference to the control channel of the victim cell (PCFICH/PHICH).

· Proposal 2.1: One symbol shifting is preferred for two antenna ports.

· Proposal 2.2: Two symbol shifting is preferred for four antenna ports. 

Table 1 Collision probability of PCFICH with legacy CRS for different symbol shifting number cases (“No” means collision probability equals zero; “Low” means low collision probability compared to non-symbol shifting; “High” means high collision probability, which is the same as non-symbol shifting )
	Shifting symbol number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Two antenna ports
	No
	No
	No
	High
	No
	No
	High
	No
	No
	No
	High
	No
	No

	Four antenna ports
	High
	No
	No
	High
	No
	No
	High
	High
	No
	No
	High
	No
	No


Table 2 Collision probability of PHICH with legacy CRS for different symbol shifting number cases (“No” means collision probability equals zero; “Low” means low collision probability compared to non-symbol shifting; “High” means high collision probability, which has the same probability as non-symbol shifting )
	Shifting symbol number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Two antenna ports
	Length 1
	No
	No
	No
	High
	No
	No
	High
	No
	No
	No
	High
	No
	No

	
	Length 2
	No
	No
	Low
	Low
	No
	Low
	Low
	No
	No
	Low
	Low
	No
	Low

	
	Length 3
	No
	Low
	Low
	Low
	Low
	Low
	Low
	No
	Low
	Low
	Low
	Low
	Low

	Four antenna ports
	Length 1
	High
	No
	No
	High
	No
	No
	High
	High
	No
	No
	High
	No
	No

	
	Length 2
	Low
	No
	Low
	Low
	No
	Low
	High
	Low
	No
	Low
	Low
	No
	Low

	
	Length 3
	Low
	Low
	Low
	Low
	Low
	High
	High
	Low
	Low
	Low
	Low
	Low
	High


3 Conclusion

In this contribution, we have discussed the method to mitigate the legacy CRS ICI problem of the victim cell, and proposed symbol shifting as one possible solution to deal with the problem. We propose that:

· Proposal 1: It is proposed to use subframe shifting to mitigate the collision interference of PSS/SSS /PBCH/SIB1/ Paging/PCFICH/PHICH).

· Proposal 2: It is proposed to use symbol shifting to mitigate the legacy CRS interference to the control channel of the victim cell (PCFICH/PHICH).

· Proposal 2.1: One symbol shifting is preferred for two antenna ports.

· Proposal 2.2: Two symbol shifting is preferred for four antenna ports. 
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