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1. Introduction

This contribution is a revision of R1-113139, where the main update is related to the discussion of TX based RS muting to reduce the interference experienced at the UE side. The main conclusions of this contribution remain the same.
In [1], a number of companies presented a number of techniques that could be considered for further enhancement of Rel’11 ICIC concepts. These techniques were classified into receiver and transmitter based approaches, and are shortly summarized here:

· Rel-11 Rx techniques 

· Interference suppression (R1)

· CRS RE puncturing (R2)

· Rel-11 Tx techniques

· Data/control/signal muting (T1)

· ePDCCH (ePHICH, ePCFICH) design (T2) 

· Acquisition enhancements (T3)

In this contribution we will shortly state our opinions and considerations related to these approaches.
2. Rx based techniques
In general, the Rx based techniques are based on isolated actions within the UE receiver, which may or may not require assistance from the network (for instance in terms of definition of secondary parameters assisting the UE in obtaining better performance). According to our opinion, these Rx based techniques should mainly be handled in RAN4, which should put stronger requirements for certain scenarios to ensure that the needed improvements are introduced.
3. Tx based techniques
With respect to the Tx based techniques, these are divided into three main parts in [1]. In the following, we will shortly discuss these and elaborate a bit on our opinion on these.

3.1 Data/control/signal muting (T1)

This will introduce deliberate muting during victim cell transmissions at the location of expected interference by the aggressor cell. In this way, it is possible to avoid the remaining interference from the CRS that is transmitted in ABS (and potentially also muting of data resources that are colliding with common control signals from the aggressor node.

In case one victim cell is experiencing multiple aggressor cells, it would potentially be necessary to inform the UE in range expansion mode multiple patterns to apply for muting. If this concept is taken to the full extend, it would have to be applied to both data and control regions of the victim cell transmission, and would hence cause a need for using muting also in the PDCCH area, which in turn would require that the muting information would have to be conveyed over either MIB or SIB1 signaling, which may not be feasible – especially considering the amount of signalling information needed, and the fact that the gain of such an approach will only be visible to the UEs in troublesome conditions – that is, the UEs with large range expansion values. When applying such an approach, the eNB would have to apply the concept to all transmissions and would potentially loose performance for all the UEs that are not in the poor conditions. In the end, applying this approach will cause the majority of users connected to the victim node to suffer relatively much compared to the potential gain that is reachable for the few users that are seeing problems.

Additionally, applying such a concept in a network would require the network to be very tightly synchronized (to the extend of within the size of the cyclic prefix to prevent interference spill-over to the non-muted resource elements).

In [5], it is proposed to introduce coordinated muting of PDSCH resources that match the CRS pattern(s) of the neighbouring cell(s), and the muting configuration should be signalled via higher layers. This would allow for using rate matching to avoid the interference of the stronger interfering cells and thereby cause a significantly lower interference level on the PDSCH data. The main drawback of introducing such mechanism is that such methods introduce a much stronger requirement for synchronization of the nodes in the network, as the rate matching “holes” that are made to match the CRS interference pattern(s) from other cell(s) will need a very high degree of time and frequency synchronization to ensure that the “holes” match to the interfering signals. Further, such signalling would require significant efforts from RAN3 to define the network signalling to ensure CRS patterns from interfering cells that is located within the data part of serving cell. Finally, one should remember that the muting of the CRS locations will cause a reduction of the number of available physical resources, which will reduce the potential coding gain of the PDSCH, which in turn will lower the spectral efficiency of the PDSCH.

In [6], a set of simulation results are presented to promote the concept in [5], but these results are only discussing the impact of the rate matching to avoid CRS interference, while interference mitigation techniques through advanced receivers is not considered at all. From the figures presented in [6], it is seen that the rate matching approach will cause a 2 dB loss compared to the non-interference scenario (with one interferer), which would not be seen in the case of interference mitigation through advanced receivers. With two interferers, the penalty increases up to 3 dB loss, which is to be seen as considerable.

Also Dominant interference in case of colliding-CRS is addressed via PDSCH demodulation on UE-specific reference signals in [5], this will limit the cell range expansion UE only scheduled in TM9, which can’t fall back to transmission diversity mode. Even UE in TM9, UE do radio link monitor still based on CRS and the CRS collision interference is still there. Furthermore if interfering cell configure more MBSFN subframe as ABS, part of CRS REs are avoid interfered corresponding to MBSFN subframe. This will cause UE behaviour of RLM change, i.e. RSRQ measurement only in interfering cell MBSFN sbuframe, maybe additional work is needed in RAN4. MBSFN setting or eNB cell ID planning gives more limitations on network planning and configuration.
Our opinion with respect to this approach is that we see little benefit compared to the potential gains that can be achieved when considering the fact that interference mitigation by advanced receivers should be able to handle the interference situation. Finally, applying such an approach as suggested in [5] and [6] will not solve the problem of interference on the PDCCH, which would need similar methods to handle high level interference sources.
3.2 ePDCCH (ePHICH, ePCFICH) design (T2)

According to our understanding, the ePDCCH (and potentially other enhanced control channels) are mainly introduced for Rel’11 with the target of increasing the flexibility provided for defining the border between control and data regions. On top of this, there will be some potential gains for the ePDCCH, which may come from frequency selective scheduling and potentially some gain from multiple antenna techniques (either as beam forming gain or through MU-MIMO transmissions). As a starting point, these options will not target at allowing for operation at very strong interference which will be introduced in case very extreme values of cell selection bias is used.

Our opinion with respect to using ePDCCH to increase performance in range expansion scenarios would not be the primary target for ePDCCH design, and we should potentially not rely on such improvements for addressing the problems of extreme range expansion.

3.3 Acquisition enhancements (T3)

In a number of other contributions for the last RAN1 meeting, this aspect was touched. Common to these were the fact that they are discussing various possibilities of expanding the physical “footprint” of the common control channels. Such solutions would potentially offer combining gains which directly scale with the amount of additional resources provided for acquisition enhancements.
Our initial analysis of this potential enhancement shows that this may be one approach that may provide the needed improvements for extreme range expansion values. In [2], we have shown that with proper coordination of muting patterns and the relative timing shifts between eNBs, the use of ABS will be able to provide sufficient common channel (PBCH) performance when operating FDD mode with moderate range expansion values combined with ABS usage. In [3], it is claimed that having extreme RE values may cause problems for the reception of PSS/SSS, and while we have not evaluated such scenarios for this meeting, we have the opinion that in case such cases cannot be addressed by ABS and proper subframe shifting, the system is not configured properly, and we should not provide solutions to handle such cases. However, the situation outlined in [3] is still valid in case of TDD mode, where it is not possible to introduce time offsets between macro and pico layers, thereby being in the situation that we cannot avoid collisions between common channels for macro and pico transmissions. Hence, we propose that this T3 option is further considered for further enhancements for TDD mode only while still considering the observations discussed in section 4 of this contribution.

In case it is decided to use such T3 enhancements for TDD mode, it should be emphasized that these should respect the minimum system bandwidth – that is, any expansion of the physical layer footprint should be located in the centre-6 PRBs to ensure operation within any system bandwidth (and to avoid the chicken/egg problem of needing to know the system bandwidth before having the PBCH properly decoded). Hence, we would suggest that any T3 enhancements focus on time-wise repetition of the needed channels, and that different layers potentially use different time offsets to allow for different time offsets for different cells that are interfering to each other. Such a solution would potentially offer sufficient isolation between the aggressor and victim cells.
4. Discussion on which RE values are to be considered
In [1], it is claimed that feICIC concepts should potentially be able to handle RE values of up to 15 dB. In our contribution [4], we have evaluated the performance of TDM eICIC with range expansion, and the peak cell edge throughput for different ABS patterns and range expansion values are shown in Figure 1. From the figure it is seen that with 3 dB range expansion and no ABS muting, it is possible to obtain 37% cell edge throughput gain, and with 8 dB range expansion and with ABS muting of 1/8, it is possible to obtain 60% cell edge throughput gain , while 10 dB cell range expansion will provide 70% gain of cell edge throughput. At 15 dB range expansion the cell edge throughput gain is 80%, but it would at the same time require muting of 50% of the aggressor cell resources. Hence, we would like to draw the attention to whether it would at all be feasible to support extreme range expansion values of 15 dB, while more moderate range expansion values of 10 dB would be able to provide most of the gain potential, and additional mechanisms to handle excessive interference would be less.
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Figure 1. Cell edge throughput for different RE offsets and ABS muting ratios from aggressor cell. The figure is a combination of the “best” conditions from [4]
5. Conclusion
Based on the discussions in this contribution, we propose that receiver based enhancements are not considered in RAN1, but are left for RAN4 to handle, while the Tx based enhancements are limited to the acquisition enhancements, while limiting the cell range expansion values are realistic and feasible in order to get a good balance between system performance gain compared to the additional complexity of the system. The Tx based enhancements considered should be limited to TDD mode only, as we currently have mechanisms in place to deal with the interference situation for FDD mode.
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