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1. Introduction
At RAN1#66bis meeting, companies submitted many contributions to discuss Tx-based solutions for further evaluation. Subframe shifting [1] and PDSCH RE muting [2]-[4] are promising candidate solutions. Subframe shifting can avoid interference of PSS/SSS/PBCH/SIB1/Paging in ABS in FDD systems, and PDSCH RE muting aims at avoiding interference of CRS in ABS to enhance data throughput. It is scheduled in RAN1#67 to discuss signalling proposals and other possible air interface changes. In this contribution, consideration on signalling design for some candidate solutions of feICIC is discussed, and some proposals are presented.
2. Discussion
2.1. Possible signalling for subframe shifting
For FDD systems, subframe shifting is a very simple and effective method to avoid interference of legacy transmissions in ABS, e.g. PSS/SSS/PBCH/SIB1/Paging. As analyzed in [1], the number of shifted subframes should be fixed, and there may be some restrictions on the number of shifted subframes. In TS 36.211 [6], it is specified that 
· For frame structure type 1 with PRACH configurations 0, 1, 2, 15, 16, 17, 18, 31, 32, 33, 34, 47, 48, 49, 50 and 63, the UE may for handover purposes assume an absolute value of the relative time difference between radio frame  in the current cell and the target cell of less than 153600Ts, i.e. the time duration of a half frame

· For frame structure type 2 with PRACH configuration 0, 1, 2, 20, 21, 22, 30, 31, 32, 40, 41, 42, 48, 49, 50, or with PRACH configuration 51, 53, 54, 55, 56, 57 in UL/DL configuration 3, 4, 5, the UE may for handover purposes assume an absolute value of the relative time difference between radio frame in the current cell and the target cell is less than 153600Ts
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Figure 1: Illustration of target cell SFN determination

Figure 1 illustrates how the UE can determine the target cell system frame number (SFN) by means of the statements above. Let the i-th radio frame of the current cell start at time ti. Suppose that by means of the synchronization procedure, the first start-boundary of the target cell’s radio frame that occurs after ti is located at time t’. If (t’(ti) is less than 153600Ts, then the SFN of that radio frame is equal to i. On the other hand, if (t’(ti) is greater than 153600Ts, then the SFN of that radio frame is equal to i+1. The cases of (t’(ti) being less and greater than 153600Ts are depicted in Figures 1(a) and 1(b), respectively. Thus the number of shifted subframes should be less than 5 to avoid the misunderstanding of target cell’s SFN during handover. Or, if subframe shifting between the aggressor and victim cells is larger than or equal to 5 subframes, then all of the PRACH configurations listed above shall not be configured to UEs. 
For PSS/SSS/PBCH/SIB1, 1 ms shifting should be enough to avoid their collision between aggressor cell and victim cell. For Paging transmitted at subframes 0#, 4#, 5#, and #9, 1ms shifting can only protect partial paging subframes since paging channel at subframe #4 in aggressor cell may cause interference on subframe #5 in victim cell. So 2 ms shifting can protect all Paging subframes.
Proposal 1: It is suggested the number of shifted subframes is smaller than 5 to avoid the misunderstanding of target cell’s SFN during handover. 1ms subframe shifting is enough to protect PSS/SSS/PBCH/SIB1, and 2ms subframe shifting can protect all Paging subframes.
When subframe shifting is applied, if UE is informed of the value of subframe shifting by the serving cell, the information is helpful for UE performing neighbor cells measurements and quickly getting the right timing during handover. In addition, for UE with CRS interference cancellation capability, the UE may determine whether interference cancellation is to be applied according to the configuration of subframe shifting. Consequently, signalling that informs UE of the value of shifted subframes is helpful. This information may be included in system information blocks to be broadcasted for all serving UEs or may be conveyed through RRC signaling as the set of interfering cells vary with UE locations.
Proposal 2: Signalling that informs UE of the value of shifted subframes is helpful. The signaling may carry over either system information or RRC.
2.2. Possible signalling for PDSCH RE muting
A way forward on PDSCH RE muting was presented in [7]. Since interfering cell(s) of UE vary with UE geographical locations, RE muting pattern configuration should be updated semi-statically via RRC signaling. The RRC signalling should include, e.g. the list of physical Cell IDs of interfering cells and the CRS REs or antenna ports to be muted for per interfering cell. 
Proposal 3: RE muting pattern configuration should be updated semi-statically via RRC signaling, which includes e.g. the list of physical Cell IDs of interfering cells and the CRS REs or antenna ports to be muted for per interfering cell. 
When the PCFICH value is 2 or 3, the number of CRS REs that are in the data region of a RB pair is 6, 6, 2, and 2 for antenna port 0, 1, 2 and 3, respectively. When the PCFICH value is 1, the number of the CRS REs is 6, 6, 4, and 4 for antenna port 0, 1, 2 and 3, respectively. The number of REs to be muted should be carefully examined to achieve a net throughput gain considering the loss in the muted REs that can originally carry data transmission and the gain in performing interference avoidance in muted REs.   
Proposal 4: Number of muted CRS should be carefully examined with a tradeoff between resource waste and interference avoidance and should be considered carefully.
3. Conclusion 
This contribution gave the preliminary consideration on signalling of subframe shifting and PDSCH RE muting. Our proposals were: 

Proposal 1: It is suggested the number of shifted subframes is smaller than 5 to avoid the misunderstanding of target cell’s SFN during handover. 1ms subframe shifting is enough to protect PSS/SSS/PBCH/SIB1, and 2ms subframe shifting can protect all Paging subframes.
Proposal 2: Signalling that informs UE of the value of shifted subframes is helpful. The signaling may carry over either system information blocks or RRC.
Proposal 3: RE muting pattern configuration should be updated semi-statically via RRC signaling, which includes e.g. the list of physical Cell IDs of interfering cells and the CRS REs or antenna ports to be muted for per interfering cell. 
Proposal 4: Number of muted CRS should be carefully examined with a tradeoff between resource waste and interference avoidance and should be considered carefully.
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