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1. Introduction
It was agreed in RAN1#66bis that “CRE bias values beyond 6 dB can provide performance gains” for some macro/pico deployments in interference limited scenarios “with techniques that mitigate CRS interference.” According to this agreement, RAN1 needs to develop interference mitigation techniques to exploit the performance gain of CRE bias values beyond 6 dB. The techniques considered so far can be categorized to Tx-based or Rx-based solutions as summarized in [1], and further details of Tx-based solutions were described in [2] and [3].
In this contribution, we discuss necessary signalling and air interface changes that are required for the operation of Tx-based solutions as well as those that can assist Rx-based solutions in macro/pico deployments with large CRE bias. Also, we discuss the relationship between the two categories.
2. Necessary changes for Tx-based solutions
Tx-based solutions include interference mitigation schemes in which the UE detects the pico cell signal/channel based on enhanced processing/signalling at the transmitter (eNB in DL) side. The following three areas have been considered as the ones that require Tx-based solutions.
· Acquisition of a victim cell
The first step of accessing the pico cell is to acquire time/frequency synchronization. In general, a UE in the expanded area first accesses the macro cell because it does not know the applied CRE bias value. The UE measures the pico cell with being connected to the macro cell, and the network hands over the UE to the pico cell depending on the measurement report and the applied CRE value. The UE has to acquire time/frequency synchronization as well as the system information of the pico cell in order to perform the handover procedure. The problem in the acquisition of the pico cell is that the PSS/SSS/PBCH is interfered by the macro cell, especially in TDD systems where it is difficult to shift the subframe boundary of the pico cell. As the macro cell should keep transmitting PSS/SSS/PBCH even in ABS, the interference on the pico cell PSS/SSS/PBCH cannot be reduced without any impact on the synchronization of the legacy UEs in the macro cell.
In [3], it was proposed as a Tx-based solution to this problem that the macro cell delivers the information which is required for the acquisition of the pico cell. To be specific, the macro cell informs the UE which macro cell is synchronized (or interferes) with which pico cell so that the UE is able to get the subframe boundary of the target pico cell by using the PSS/SSS of the interfering macro cell. In addition, the macro cell sends the acquisition parameters like the cyclic prefix type and cell ID of the pico cell so that the UE can directly measure the CRS of the pico cell for the pico cell ID verification and fine adjustment of time/frequency synchronization. In addition, the macro cell transmits the system information (e.g., MIB/SIB-1/Paging) of the pico cell in order for the UE to begin the handover procedure to the pico cell. We note that the overall principle of delivering the necessary information from the macro cell is similar to the configuration of PCell and SCell as discussed in [4].
On top of the information discussed above, the macro cell can send some other information to facilitate the communication in the pico cell. For example, the CRS pattern of the aggressor macro cell can be delivered so that the UE can avoid the CRS interference during the initial access to the pico cell.
Observation 1: In Tx-based solution, the UE can access a pico cell based on the network assistance of transferring the information on the aggressor-victim relation and the necessary acquisition parameters of the pico cell.
· PDCCH reception
After being synchronized with the pico cell, the UE should be able to receive PDCCH from the pico cell in order to perform the handover procedure as well as to get the scheduling information for the unicast traffic. As CRS from the macro cell always interferes with the PDCCH of the pico cell, it is obvious that the performance of PDCCH reception will be degraded. However, as observed in [5], the PDCCH reception performance may not be so deteriorated if PDCCH is transmitted at a higher aggregation level and/or with boosted power. As those methods are already available in Rel-10, they can be taken as the tools to compensate the PDCCH performance degradation caused by the CRS interference.
Still, some further enhanced PDCCH transmit/receive processing can be operated on top of the compensation methods available in Rel-10. If the CRS pattern of the aggressor cell is sent to the UE by the network assistance as discussed above, the UE can discard the interfered REs by UE implementation in order to avoid the dominant interference problem. Furthermore, the UE can be configured with the enhanced PDCCH in order to mitigate the PDCCH capacity shortage which may be caused by the increased resource consumption due to the performance compensation methods.
Observation 2: In Tx-based solution, PDCCH performance degradation can be compensated by the methods available in Rel-10. The potential PDCCH capacity shortage can be mitigated by taking advantage of the signalled aggressor cell CRS pattern at the UE side or by configuring enhanced PDCCH.

· PDSCH reception
PDSCH transmission from the pico cell can avoid the CRS interference by introducing RE muting and rate matching as explained in [2]. As per the evaluation result in [6], this muting and rate matching proposal can provide considerable performance gain over the simple RE puncturing receiver. Seeing the commonality existing between this proposal and the zero-power CSI-RS that has been introduced in Rel-10, the expected specification change and implementation complexity should be marginal. 
One issue raised during RAN1#66bis was the synchronization between the eNB and UE behaviour during the (re)configuration of the muting pattern. It was pointed out that, if eNB and UE apply different muting pattern during the (re)configuration period, PDSCH reception will be impossible. This implies that a kind of “fallback operation,” which is independent of the configured muting pattern, needs to be established. Two options can be considered as follows:
· Option 1

· A muting pattern applies to a subset of subframes.

· The remaining subframes can be used for the fallback operation

· It is desirable to configure those subframes as MBSFN subframes in the aggressor cell.

· Option 2

· RE muting applies only to the PDSCH assigned by the TM dependent DCI.

· For the PDSCH assigned by DCI format 1, which is used for the fallback operation,

· Option 2-1: No RE muting is applied. This approach can be considered if CRS interference is tolerable for the fallback PDSCH which usually adopt more robust MCS.

· Option 2-2: Conservative RE muting is applied. This implies that the victim eNB mutes all the REs that are potentially corrupted by the aggressor CRS. The conservative muting pattern can be signalled during the access procedure to the victim cell. 

Any of the two options enables PDSCH transmissions to be independent of the muting configuration at least in some PDSCH scheduling instances. Option 1 seems more straightforward as it requires no additional specification change other than the muting configuration with a subframe pattern on which RE muting is activated. This option serves for the fallback purpose well if there is at least one MBSFN-ABS in the aggressor cell, but may not operate properly if no ABS can be configured as MBSFN subframe as the fallback PDSCH is subject to the CRS interference. On the other hand, Option 2 provides the fallback operation by limiting the application of the muting pattern only to the TM dependent DCI while utilizing the PDSCH assigned by DCI format 1A, which is independent of the configured muting pattern, as the fallback PDSCH. It is noteworthy that Option 2-2 is able to avoid CRS interference in the fallback PDSCH even when there is no MBSFN-ABS in the aggressor cell. Similarly to the PDCCH case, it is helpful to the UE if the network transfers the muting pattern used in the initial DL channel reception from the victim cell before the handover.
Observation 3: In Tx-based solution, the CRS interference can be mitigated by RE muting and rate matching operation. There are several ways to provide the fallback operation during the (re)configuration of the muting pattern.

Figure 1 depicts an example of the UE procedure to access the victim cell and receive PDSCH under the assumption that Option 1 is used for the fallback operation. 
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Figure 1. An example of the UE procedure with Tx-based solutions.
3. Network assistance for Rx-based solutions
As discussed in the previous section, the network assistance is the essential part of the Tx-based solutions. The main focus of the network assistance is to inform the UE of
· The aggressor-victim relation and the information of the victim cell in the acquisition of the victim cell, and

· The aggressor CRS pattern in receiving PDCCH/PDSCH.
We discuss the usefulness of the network assistance in the following two categories of Rx-based solutions.
· Interference subtraction
In this solution, the UE first detects the interference signal, then regenerates it and subtracts it from the received signal in order to eliminate the interference signal. In theory, this is the optimal receiver when ideal interference estimation is assumed. One issue in implementing the interference subtraction receiver is the increased UE complexity because the UE has to measure all the potential interference signal from the neighbouring cells.

An example case is detecting the victim cell PSS/SSS/PBCH as illustrated in Figure 2. Currently, the network sends a list of the neighbouring cells on which the UE performs the RRM measurement, but no aggressor-victim relation is described in the neighbour cell list. Thus, the UE has to store, estimate, and subtract the interference from all the cells in the neighbouring cell list in order to find a particular victim cell PSS/SSS/PBCH whch are not seen before the interference subtraction operation. However, if the network assists the UE by transferring the aggressor-victim relation, i.e., by indicating that the target pico cell is synchronized with macro cell 3, the UE does not need to perform the interference subtraction operation for the other macro cells and this will significantly reduce the UE implementation complexity.
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Figure 2. An example of the aggressor-victim relation in detecting PSS/SSS/PBCH.

This network assistance is much more necessary in detecting PBCH because, differently from PSS and SSS, the UE does not know the interference waveform of PBCH until it successfully decodes the aggressor PBCH. So, if the UE fails to decode the aggressor PBCH in the first PBCH transmission, the UE has to wait the second transmission of the aggressor PBCH while storing the received signal corresponds to the first PBCH transmission and delaying the “initial” attempt of the victim cell PBCH detection by 10 ms. However, as the content of PBCH seldom changes, this additional signal storing and acquisition delaying can be avoided simply by signalling victim cell’s system information to the UE from the macro cell.
For PDCCH/PDSCH reception, the interference subtraction receiver requires the UE to identify the CRS pattern of the aggressor cell. This includes the cell ID, the number of CRS antenna ports, and the MBSFN subframe configuration. One may claim that UE is able to obtain this information by continuously monitoring neighbouring cells [7]. However, as can be observed in [8], it is the assumption in Rel-10 that a UE is not mandated to identify the MBSFN subframe configuration of the neighbouring cells. Therefore, the network indicates an “available assumption” on the neighbouring cell MBSFN subframe configuration. Thus, identifying the neighbouring cell MBSFN subframe pattern is a new feature from the UE implementation perspective, so its necessity should be well-justified before being introduced. On this issue, as the number of CRS antenna ports and the MBSFN subframe pattern are not changed frequently, we can consider the network assistance of transferring the CRS pattern of the aggressor cell so that the UE can avoid continuous observation of the multiple potential aggressor cells.
Observation 4: The network assistance can simplify the UE implementation of the interference subtraction receiver.

· RE puncturing
The main advantage of this solution is its simplicity; the UE just discards the REs corrupted by the aggressor signal. However, this solution should be supplemented by Tx-based solution in the cell detection and acquisition because it is not able to solve the problem of colliding PSS/SSS/PBCH. Even when the scope is limited to PDCCH/PDSCH reception, the issue of the identification of the aggressor CRS pattern still remains and it does not seem to make sense to claim its simplicity as its benefit if additional complexity is imposed on the UE to identify the aggressor CRS pattern. In this sense, the network assistance can be useful in keeping the simplicity of the solution. 
Observation 5: The RE puncturing solution should be supplemented by the network assistance.
4. Conclusion
In this contribution, we first discussed necessary signalling and air interface changes for Tx-based solutions. The following was observed:

Observation 1: In Tx-based solution, the UE can access a pico cell based on the network assistance of transferring the information on the aggressor-victim relation and the necessary acquisition parameters of the pico cell.
Observation 2: In Tx-based solution, PDCCH performance degradation can be compensated by the methods available in Rel-10. The potential PDCCH capacity shortage can be mitigated by taking advantage of the signalled aggressor cell CRS pattern at the UE side or by configuring enhanced PDCCH.
Observation 3: In Tx-based solution, the CRS interference can be mitigated by RE muting and rate matching operation. There are several ways to provide the fallback operation during the (re)configuration of the muting pattern.
In addition, we discussed the usefulness of the network assistance in simplifying Rx-based solution and the following was observed:

Observation 4: The network assistance can simplify the UE implementation of the interference subtraction receiver.

Observation 5: The RE puncturing solution should be supplemented by the network assistance.
From the above observations, we can conclude that the network assistance, which provides some information on the aggressor and victim cells, is not only necessary for Tx-based solutions but also important for Rx-based solutions. Thus, the following is proposed in order to make one-step move forward which is commonly beneficial to both solutions:
Proposal: New signalling is defined to send the following information to the UE:
· The aggressor-victim relation and the information of the victim cell required for the acquisition of the victim cell
· The aggressor CRS pattern for PDCCH/PDSCH reception
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