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1. Introduction 
In LTE, for legacy PDCCH defined in Rel-8, the first couple of symbols in a subframe are used for PDCCH transmission. Even though some measurements were used to reduce the impact of interference, which mainly come from the PDCCH in the neighbouring cells, inter-cell interference could still deteriorate its performance because the control region of all cells simply overlapping with each other. Such performance loss gets even worse in the Hetnet deployment, where PDCCH from macro cell could generate strong interference to PDCCH from the pico cells in the cell expansion area. 
To solve this issue while at the same time enhance other performance of control channel such as capacity,  enhanced PDCCH (EPDCCH) is introduced in Rel-11 and one of the main expectation is to enhance its ICIC performance in frequency domain. To achieve this goal, the EPDCCH will be transmitted in legacy PDSCH region, which will allow frequency domain ICIC for the EPDCCH, namely, EPDCCH from different cells could be transmitted in different frequency subbands, so that the interference between them are minimized. That is similar to the ICIC for PDSCH of cell edge users as introduced in Rel-8. 

In Rel-11, the frequency domain power control still uses the same mechanism that has been used for PDSCH since Rel-8 even after EDPCCH is introduced, this may be ok for ICIC among macro-cell when the interference is not severe. In Rel-12, when small cell is introduced, the inter-cell interference could become more severe. If the frequency domain power is not improved, it could affect both performance of PDSCH and EPDCCH. 
In RAN1 72bis meeting [1], a couple of techniques were identified as the methods for interference avoidance and coordination for small cell, among which is the enhancement on frequency domain power control.

· Candidate techniques for further study are as follows, but not limited to

· Small cell on/off

· Enhanced power control/adaptation (for both downlink and uplink)
· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul
In this contribution, some solutions to enhance frequency domain power control for EPDCCH is discussed to improve interference avoidance and coordination especially for small cell deployment. 
2. Enhancement on  frequency domain power control for EPDCCH 
2.1. Frequency domain power control 
For inter cell PDSCH interference coordination,   the X2 interface is used to transfer load and interference co-ordination information between eNBs. The coordination is in a per PRB basis and the information exchanged for the downlink includes, as defined in [2], the Relative Narrowband Tx Power (RNTP), which indicates whether downlink transmission power, is lower than the value indicated by the RNTP Threshold. The receiving eNB may take such information into account in its scheduling.   The details of the RNTP IE is shown in Table 1 of [3].
For EPDCCH, the existing RNTP could be used to indicate the relative transmission power of RBs allocated to EPDCCH, without differentiating the RBs allocated to PDSCH and EPDCCH. However, this may not be sufficient due to the inherent difference between EPDCCH and PDSCH: EPDCCH carries control information which has a much higher level performance target and cannot rely on HARQ retransmissions. This means that:

· EPDCCH has more stringent ICIC requirement on the neighbor cells;

· EPDCCH may be transmitted with higher power levels than PDSCH so that it can reach cell edge UEs.

Thus dedicated coordination signaling may be needed to avoid interference on the EPDCCH RBs from adjacent cells since robust reception of EPDCCH is much more important than that for PDSCH. An additional problem is that the existing 
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Table 1. RNTP IE (extracted from TS 36.423 v10.2.0 [3]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RNTP Per PRB
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on), for which the bit value represents RNTP (nPRB), defined in TS 36.213 . 

Value 0 indicates "Tx not exceeding RNTP threshold". 

Value 1 indicates "no promise on the Tx power is given"
	–
	–

	RNTP Threshold
	M
	
	ENUMERATED (-∞, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, …)
	RNTPthreshold is defined in TS 36.213 
	–
	–

	Number Of Cell-specific Antenna Ports 
	M
	
	ENUMERATED (1, 2, 4, …)
	P (number of antenna ports for cell-specific reference signals) defined in TS 36.211 
	–
	–

	P_B
	M
	
	INTEGER (0..3, …)
	PB is defined in TS 36.213 
	–
	–

	PDCCH Interference Impact
	M
	
	INTEGER (0..4, …)
	Measured by Predicted Number Of Occupied PDCCH OFDM Symbols (see TS 36.211 ).

Value 0 means "no prediction is available"
	–
	–


To enhance frequency domain power control for EPDCCH, some methods are discussed below, especially some signaling part, which could be used as starting point for further investigations. 
2.2. Downlink High Interference Indication (HII) for EPDCCH
Currently, the UL High Interference Indication (HII) IE may be received in the LOAD INFORMATION message, it indicates, per PRB, the occurrence of high interference sensitivity, as seen from the sending eNB. For EPDCCH, the eNB could introduce Downlink High Interference Indication (HII) to indicate the subbands with high interference sensitivity on the downlink to protect E-PDCCH. When other eNB receive the indication, they may reduce transmit power or not schedule any transmission in those subbands.  To achieve this, new fields could be added in the  LOAD INFORMATION to indicate DL HII.  A field of “Target Cell ID” could optionally be included to indicate the cell for which the corresponding DL High Interference Indication is intended to .
To use this approach to coordinate the allocation of EPDCCH resources between eNBs,  a simple way is to use a bitmap of length nPRB where each bit represents one PRB.  PRBs of EPDCCH region with value “1” can be used to indicate  high downlink interference sensitivity. The receiving eNB is expected to lower the downlink interference it may cause to the PRB marked as HII. For example, the receiving eNB can lower the power it uses for those PRBs by scheduling only PDSCH of cell-center UEs on those PRBs. The receiving eNB should try to avoid scheduling cell edge UEs over the concerned PRBs. In addition, the receiving eNB should avoid allocating any EPDCCH in those PRBs marked with a value of 1 in the DL HII IE by the sending eNB, so as to avoid interference between the EPDCCH of neighbor cells.
2.3. Signalling EPDCCH Power Info Over X2

Currently in RNTP, only two levels of transmit power can be signalled: below the RNTP threshold or not.

This may not be sufficient  as RBs carrying EPDCCHs may be given more power than PDSCH. Thus a second power threshold, e.g., RNTP-EPDCCH Threshold, may be needed for EPDCCH, where, similar to RNTP as define for PDSCH, a bit string could be used in which each value represents 
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. Table 2 shows such an example. 
Table 2:  RNTP-EPDCCH fields to add to RNTP IE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RNTP-EPDCCH Per PRB
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on), for which the bit value represents RNTP-EPDCCH (nPRB), 

Value 0 indicates "Tx not exceeding RNTP-EPDCCH threshold". 

Value 1 indicates "no promise on the Tx power is given"
	–
	–

	RNTP-EPDCCH Threshold
	M
	
	ENUMERATED (-∞,-8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6 …)
	RNTP-EPDCCH threshold   takes one of the enumerated value. The unit is in dB.  
	–
	–


In case that there is power boosting for E-PDCCH transmission, this approach would allow such power boosting  be conveyed to the neighboring cells through X2 link to enhance the frequency domain power control. 

3. Conclusions

In this contribution, some methods to enhance frequency domain power control for EPDCCH are discussed. The following proposal could be considered as starting points. 
· Signaling of  Downlink High Interference Indication (HII) for EPDCCH could be considered over X2 link
· Signaling of EPDCCH power information over X2 could be considered
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