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1. Introduction
At RAN1#66 meeting, companies submitted many contributions to discuss simulation assumption used to evaluate UE performance requirements for PCI, system information (MIB/SIB1/Paging), DL control and data. Some baseline assumptions are agreed such as macro-pico deployment, channel modeling, range of offset, ABS configuration, transmission mode and so on [1]. In addition, details of CRS interference modeling are also discussed. For RAN1#66bis, it is expected to agree which transmitter-based solutions are to be evaluated. In this contribution, subframe shifting belonging to a transmitter-based solution is discussed and some proposals are presented.   
2. Discussion
2.1. Possible solutions for legacy transmissions of ABS
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 [2]:

· All ABSs carry CRS

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted 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)
These legacy transmissions can cause impact on detection of PCI and system information for serving UE. The late RAN1 agreement [3] states that the impact of legacy transmissions in ABS on control/data channels needs to be addressed in Rel-11. In order to mitigate impact of legacy transmissions (i.e. PSS/SSS/PBCH/SIB1/Paging), available solutions include subframe shifting and interference cancelation. This contribution focuses on subframe shifting as a transmitter-based solution, whereas interference cancelation as a receiver-based solution is not involved in this contribution.
Subframe shifting can avoid interference of PSS/SSS/PBCH/SIB1/Paging utilizing time difference between interfering cell and serving cell, and this is benefited by that legacy signals/channels are transmitted at fixed subframes. For example in FDD systems, PSS/SSS is transmitted at subframe #0 and #5, PBCH is transmitted at subframe #0, SIB1 is transmitted at subframe #5 in even frame, and Paging is transmitted at subframe #0, #4, #5 or #9. In order to protect PCI and system information, the subframes in interfering cell corresponding to that conveying protected signals/channels in serving cell should be configured as ABS or partial resource elements (REs) muting if subframe shifting is adopted. Combining subframe shifting with ABS or REs muting can effectively improve the detection performance of PCI and system information which may only suffer from slight interference of CRS. So UE performance requirements on detection of PCI and system information under subframe shifting configuration should be evaluated with high priority.
Proposal 1: It is suggested that the evaluation on detection of PCI and system information under subframe shifting configuration in macro-pico deployment is prioritized in Rel-11 discussion. 
2.2. Transmitter-based solution with subframe shifting

When evaluating and specifying UE performance to enable significantly improved detection of PCI and system information in the presence of dominant interferers for FDD systems, subframe shifting is a promising transmitter-based solution. For subframe shifting, some detail design issues need to be discussed, such as number of shifted subframes and transmitted signal design for shifted subframes.
1) Number of shifted subframes

For PSS/SSS/PBCH/SIB1, 1 ms shifting should be enough to avoid them colliding between serving cell and interfering cell. For paging channel transmitted at subframe 0#, 4#, 5#, and #9, 1ms shifting can only protect partial paging subframes as paging channel at subframe #4 in interfering cell may cause interference on subframe #5 in serving cell. So at least 2 ms shifting is required to protect all paging subframes. 
2) Transmitted signal design for shifted subframes
If subframe shifting is adopted to protect PSS/SSS/PBCH, there are two methods for transmitted signal design of the subframe in interfering cell corresponding to the subframe where PSS/SSS/PBCH is transmitted in the serving cell. One is that the entire subframe is blanking, i.e. configured as ABS, and the other is that only partial REs of the subframe corresponding to PSS/SSS/PBCH are muted. Because PSS/SSS/PBCH needs to be transmitted in every radio frame, the 2nd method should be more economic. If subframe shifting is adopted to protect SIB1/Paging where PCFICH, PDCCH, PDSCH need to be transmitted, the subframe in interfering cell corresponding to the subframe where SIB1/Paging is transmitted in serving cell can be configured as ABS. Figure 1 gives an illustration of 2ms subframe shifting in FDD systems. 
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Figure 1: 2ms subframe shifting in FDD systems
Proposal 2: A subframe shifting of 1ms is enough to protect PSS/SSS/PBCH/SIB1, and at least 2ms subframe shifting is required to protect all paging subframes. 
Proposal 3: If subframe shifting is adopted, the REs in interfering cell corresponding to PSS/SSS/PBCH in serving cell can be muted, and the subframe in interfering cell corresponding to the subframe where SIB1/Paging is transmitted in serving cell can be configured as ABS. 
2.3. Subframe shifting configuration
Regarding subframe shifting configuration, there are two alternative configuration methods. One is semi-static configuration (similar to ABS configuration), and another is fixed configuration. 
1)  Semi-static configuration
In this alternative, subframe shifting is configured with semi-static pattern similarly to ABS configuration. This means that subframe shifting can be configured flexibly and triggered according to interference level, traffic load or other triggering events. But it has a serious side effect that the connection between UE and the eNB may be interrupted because time synchronization is invalid suddenly when subframe shifting configuration occurs. The affected UE needs to initiate new cell search to get right time synchronization similarly to the processing procedure when a UE is switched on. This connection interruption has severe influence on UE experience and communication quality and this may not be avoided for legacy UE. Since time synchronization can be affected by subframe shifting configuration, all actions and procedures based on right synchronization will also be affected severely. For the serious side effect semi-static sunbframe shifting configuration may be unfeasible. 
2)  Fixed configuration

In this alternative, subframe shifting is configured with a fixed pattern. This means that when an eNB is activated, subframe shifting has already been fixedly configured including fixed number of shifted subframes. Differently from semi-static configuration, time synchronization to serving cell may not be affected by subframe shifting. Because there is time difference between interfering cell and serving cell, time synchronization to target cell in handover procedure may be affected if a UE assume the network clock is synchronized and initiate handover between interfering cell and serving cell. Fortunately, some processing or signaling can resolve the problem to get quick and right time synchronization to target cell which can ensure successful handover. For example, UE should assume the network clock is non-synchronized and get time synchronization to target cell based on PSS/SSS search. Another solution may be that UE should know the number of shifted subframes through RRC signaling to achieve right time synchronization quickly. 
From above analysis, fixed subframe shifting configuration should be more feasible compared to semi-static subframe shifting configuration, but its impact on legacy UE and specification should be further discussed and evaluated.
Proposal 4: Fixed subframe shifting configuration is preferred. Its impact on legacy UE and specifications should be further discussed and evaluated.  
3. Conclusion 
From our analysis, subframe shifting is a very promising transmitter-based solution for legacy transmissions of ABS, so performance evaluation on subframe shifting should be done with high priority. If subframe shifting is approved to be an effective transmitter-based solution through evaluation results, discussion on some issues related to specification impact and detailed signaling design should be started as early as possible. And some proposals are presented as follows: 
Proposal 1: The evaluation on detection of PCI and system information under subframe shifting configuration in macro-pico deployment should be highly prioritized in Rel-11 discussion. 
Proposal 2: One subframe shifting is enough to protect PSS/SSS/PBCH/SIB1, and at least two subframe shifting is required to protect all paging subframes. 
Proposal 3: If subframe shifting is adopted, the REs in interfering cell corresponding to PSS/SSS/PBCH in serving cell can be muted, and the subframe in interfering cell corresponding to the subframe where SIB1/Paging is transmitted in serving cell can be configured as ABS. 
Proposal 4: Fixed subframe shifting configuration is preferred. Its impact on legacy UE and specifications should be further discussed and evaluated.  
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