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1. Introduction
During RAN4 AH#4 and the following weeks, the scope and performance requirements for RLM/RRM measurements were discussed. Some questions were raised regarding the overall system performance in Rel-10 beyond the scope of measurements. In this contribution, we try address the questions based on the related discussions in other working group.
2. Discussion
In the previous meeting, RAN1 sent LS [1,2] to other working groups on the status of eICIC and requested RAN4 to perform following tasks:

From [1]

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

…

RAN1 kindly asks RAN4 to take the RAN1 agreements above into account in their further work on RLM/RRM/CSI measurements and, for the Macro-Femto case, time-domain/power-setting solutions. [1]

From [2]

RAN1 kindly asks RAN4 to take the above into consideration and to define limited set of patterns to be considered for RAN 4 performance requirements as outlined above, and if any constraints are needed on the set of patterns that can be signalled by RRC.

As indicated in the LS, resource specific RLM/RRM/CSI measurements are the most fundamental building blocks of eICIC. It would be critical for RAN4 to complete the core requirements for these new features in order for R10 UE to be fully functional in both RRC_IDLE and RRC_CONNECTED state in an eICIC network. 
In the context of RRC_IDLE state performance requirements discussion, questions were raised regarding the following topics:

   Q1. whether reliable paging reception is possible with strong CRS interference (issue i. above) and DCI 1A/1C interference (issue ii. above) from a CSG femto and if a Rel-9 baseline  receiver can cope with this interference

   Q2. whether PCID planning can be assumed to be the baseline for Rel-10 and what the associated BS impact is (e.g., DL receiver requirements for femto BS, etc.)

   Q3. whether reliable PBCH reception (under femto PBCH interference in synchronous networks) is possible with a Rel-9 baseline receiver

   Q4. whether there is an impact due to high femto P/S-SCH interference in TDD with a Rel-9 baseline receiver
Note that some of the topics are not in the charter of RAN4, and they are currently being discussed in the other working groups. Although questions on these issues should not be a reason to stop the working group to define the eICIC core requirements, we also believe that it would be helpful to provide an system overview to establish some common understanding in RAN4. 
2.1. Q1: Paging performance

Paging performance is critical for the case of macro-femto deployment, where a macro UE under femto coverage has to monitor the macro eNB paging channel. In the case of macro-pico deployment, a UE could always receive page from the strongest cell, hence paging performance under weak cell is a performance enhancement.
RAN1 discussed the broadcast channel performance (including both paging and SIB1) during the last few meetings. The broadcast channel performance requires reliable detection of both the DL control and data channels. One unique aspect of broadcast channel is that they occur on fixed subframes, e.g., SIB1 in #5 of even radio frame and paging in #9 of some radio frames. If the interfering and victim cells are SFN synchronized, the occasion of broadcast channels could collide. In the RAN1 LS [1], a few features have been identified for enhancing broadcast channel performance, such as subframe shifting, interference cancellation and inter-subframe scheduling. 
For FDD, subframe shifting is a technique where subframes of different cells are shifted in time such that the occasion for broadcast channels will not be aligned cross the victim and aggressor cells. In conjunction with ABS, the broadcast channel could be protected. More details could be found in [3].
For both FDD and TDD, an alternative radio frame shifting scheme could be used to ensure SIB1 and paging reliability. As shown in Figure 1, the macro and femto cell SFN is offset by 1, which needs to different occasion for SIB1 and paging. In conjunction with a 25% ABS definition on the femto, macro UE SIB1 and paging subframes will not be interfered by femto transmission.
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Figure 1 Radio frame shifting for paging and SIB1 reception

Note that the previous solution requires different SFN between aggressor and victim cells, and requires static ABS at fixed locations corresponds to #5 and #9. An alternative solution is inter-subframe scheduling in conjunction with eNB SIB1/paging PDSCH coordination. Inter-subframe scheduling is similar to cross-carrier assignment in CA, where PDCCH is sent over a different CC carrier in the same subframe. This technique sends PDCCH in a subframe occurred earlier, which has better PDCCH reliability. As shown in Figure 2, the PDCCHs of SIB1 and paging could be sent in subframe #3, which is an ABS of the femto cell. The PDSCH protection could be achieved based on frequency domain coordination (FFR in Rel-8).
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Figure 2 Inter-subframe scheduling for paging and SIB1 reception

2.2. PCI planning

Control and data reception in for a victim UE in eICIC deployment will experience possibly high interference from CRS of neighbouring cells even when using almost blank subframes at the dominant interfere to minimize the interference that the cell causes. If the CRS of the aggressor and victim are not overlapping in frequency, the victim UE could still have reliable channel estimation over ABS. There will be some performance degradation due to CRS to data interference, but the loss could be recovered with simple LLR-nulling for the polluted data REs. For UEs without interference cancellation capability, PCI planning could yield significant performance gain.

In one example of macro femto deployment, a femto cell should have the information of the overlay macro cell PCI for many purposes, such as OTA synchronization, hand-in, hand-out, Tx power control, etc. One additional use of the macro PCI is to avoid the CRS tones by choosing from remaining 2/3 of the available PCI space. In the case of macro/pico deployment, choosing pico PCI to avoid macro CRS collision is more difficult since a pico is likely to be interfered by multiple macro cells.

In the case of imperfect PCI planning, where the CRS of the aggressor and victim do overlap, a non-IC capable UE will have significant channel estimation loss even if the data channel has high SNR. In this case, it is highly desirable to define a UE capability that could performance RS-IC.
2.3. PBCH detection 

The baseline PBCH performance has been evaluated earlier in RAN4 [4] under dominant interference. In Figure 1, simulation results were shown for 2TX PBCH detection with a dominant interferer at 16 dB geometry (interference over thermal). It is shown that Rel-9 receiver could achieve a BLER of 0.01 at an SIR of -11 dB; a PBCH interference cancellation receiver could achieve the same BLER at an SIR of -19 dB.  Based on this link curve, we would expect a Rel-9 receiver to perform relatively well under moderate range expansion (around -10 dB).
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Additional PBCH enhancement has also be studied in RAN1. As indicated in the LS [1], subframe shifting is an option for FDD, where the aggressor eNB avoids scheduling over the center 6 RB on subframe #0 of the victim cell. 

For both TDD and TDD, a signalling based approach could also be used. Since the PBCH payload is not time varying other than the SFN, which is perfectly known at a neighboring cell with ABS coordination. In this case, the aggressor could signal the PBCH payload of the weak eNB(s) to the victim UE to bootstrap the acquisition process. Detailed signalling options are out of the scope of this contribution.
2.4. PSS/SSS detection
Similar to PBCH detection, PSS/SSS detection under dominant interference could be enhanced via either UE receiver enhancement or network coordination. Without any coordination, the acquisition time under could be large for large biases (note that Rel-8 requirement is defined at -6 dB geometry). If a larger acquisition time is defined, the interference bias could be further increased. 
For both FDD and TDD, a network based enhancement is possible where the aggressor signals the PCI of weak eNB(s) directly to the victim UE. Since the aggressor and victim eNBs are synchronized, the UE could use the DL timing of the aggressor cell for coarse timing and directly track the CRS of the weak cell. 

An alternative enhancement with no network impact is PSS/SSS cancellation at the UE.
3. Conclusions

In this contribution, we clarified the reliability issue for paging, SIB1, PSS/SSS and PBCH in Rel-10 and possible enhancements. In addition, we summarized the requirements on PCI planning based on UE capability. Based on the discussion presented in this paper, we conclude that broadcast channel reliability could be achieved with Rel-10 with OAM/implementation dependent network side coordination or receiver enhancement. We recommend the working group in the near term to focus on the core part of the RLM/RRM requirement definition for both RRC_CONNECTED and RRC_IDLE states. In the long term, network side requirements could be significantly relaxed with the definition of UE capability of RS/PSS/SSS/PBCH interference cancellation.
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