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1. Introduction

In the ad hoc on feICIC in RAN4#66bis, SFN synchronisation for feICIC was again discussed and it was agreed that UE vendors and BS vendors will provide the analysis on the complexity from UE side and from BS side to decide it in the next meeting.
	Open issues:
· SFN synchronization assumptions:

· Ericsson: Define performance requirements for PBCH IC with/without SFN aligned assumption.
· Qualcomm: do not see a need to define PBCH-IC requirement for non-SFN synchronous case.

· Bandwidth for aggressor cells:

· The use cases of PBCH-IC need further discussion, in order to find a suitable system bandwidth assumption for feICIC PBCH demodulation requirements.
· Interference levels:

· D1/Noc1 = 4dB, D2/Noc1 = 2dB;
· Whether the compensation of time offset and frequency shift should be performed.

Agreed Way Forward:
· SFN synchronization assumptions:

· UE vendors and BS vendors will provide the analysis on the complexity from UE side and from BS side to decide it in the next meeting.

· Interference levels (single Noc level):

D1/Noc = 4dB, D2/Noc = 2dB


Earlier RAN4 has received several liaison statements on this topic, the first one was received from RAN3 [2]
	1. Overall description:

RAN 3 would like to thank RAN1 for the LS on MIB detection in feICIC.

RAN3 hasn’t foreseen any significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed, and SFN synchronization (i.e. no SFN offset) is assumed in TDD/FDD time domain inter-cell interference coordination synchronisation area.




Based on the discussion, RAN4 indicated to RAN1 the following response (RAN3 was included in CC)

	1. Overall Description:

RAN4 would like to thank RAN1 LS on FeICIC in R1-123058 for sharing the information on MIB detection and asking the question on whether it can be assumed that FeICIC capable UEs will always have PBCH interference cancelation capability.

In RAN4, the feasibility and performance of PBCH interference cancellation have been investigated. Based on the simulation results, RAN4 would like to inform that:
· PBCH interference cancellation can bring significant gain under the simulation assumptions [2] agreed in RAN4.
· Performance requirements assuming baseline PBCH-IC receiver will be defined by RAN4. Thus FeICIC capable UEs could have PBCH interference cancelation capability or an implementation with equivalent or better demodulation performance than PBCH IC.  RAN4 is still discussing the detailed conditions for the performance requirements.
· PBCH performance requirements under the assumption of System Frame Number (SFN) synchronization [3] will be defined by RAN4. The requirements without the assumption of System Frame Number (SFN) synchronization are under further study.
2. Actions:

To 3GPP TSG-RAN1
RAN4 would like to ask RAN1 to take the above information into account in future work for FeICIC.



Finally RAN1 responded[4]
	1. Overall Description:

RAN1 continued discussion on improved MIB detection in feICIC based on the conclusions reached at RAN1#69 [1]. After discussion at RAN1#70bis, RAN1 made the following conclusion: 

· There is no consensus to confirm the Working Assumption [1]. Therefore, satisfying the new RAN4 performance requirements will be the only solution for improved detection of PBCH in the presence of dominant interferers with 9dB bias, with radio-frame-boundary and subframe alignment.

Please note that RAN1 assumes subframe shifting and/or SFN offsets as valid deployment options. 

2. Actions:

To 3GPP TSG-RAN2, TSG-RAN3, TSG-RAN4 

RAN1 invites RAN2, RAN3, and RAN4 to take the RAN1 conclusion above into account in their further work


Following this LS exchange, there has never been consensus for developing requirements without the assumption of System Frame Number (SFN) synchronization in RAN4.

2. Discussion

In RAN4#66bis, UE and network complexity aspects were discussed.
2.1 Network synchronisation

In order for feICIC to be feasible with a single FFT receiver, it is important to ensure that victim and aggressor subframes are synchronised to the extent that the cyclic prefix allows them to be received at the same time. A significant discussion in RAN4 work on feICIC has been on time (and frequency) synchronisation and how to set the UE requirements and good progress was made in RAN4#66bis. RAN4 agreed to define the requirements according to the following time offsets
· Cell identification: (0,[ -2.5]) μs

· RSRP/RSRQ: (0,[ -2.5]) μs

· RLM: (3, 2) μs

· Demodulation and CSI: (3, -1) μs

Naturally these UE requirements do not directly place restrictions on the feICIC network deployments, but nevertheless in practical implementations of feICIC networks, synchronisation between victim and aggressor cells is needed up to a certain degree of accuracy so that UEs will be able to mitigate interference. Thus we can assume that feICIC networks are able to synchronise subframe timing.

Since P-BCH aggressor to P-BCH victim interference scenarios have been considered in RAN4, it also implies that subframe shifting is not considered in RAN4 requirements. Although it is quite likely that practical FDD feICIC deployments will perform subframe shifting, it seems necessary to assume that if subframe shifting is performed, it is only performed for a well-defined purpose such as protecting a particular physical signal for a non IC capable (eg release 10) UE and hence the subframe shifts would not be arbitrary. Therefore we also assume that feICIC networks are able to synchronise frame timing.
Moreover, it is necessary that the coordinating nodes in an feICIC deployment have the same understanding of ABS pattern start time. Since FDD ABS patterns have a 40ms periodicity it seems absolutely necessary that there is a synchronised reference time between the coordinating FDD network nodes which is synchronised on a 40ms basis as well.

Observation 1 : Due to 40ms periodicity of FDD ABS patterns, network nodes capable of feICIC should be capable of synchronising their transmissions at symbol, subframe, frame and 4x frame periodicities.

For TDD eICIC, the pattern periodicities are 20ms, 60ms or 70ms depending on the TDD configuration in use. Nevertheless, similarly to FDD, a higher level of synchronisation than frame sync is still necessary to coordinate the use of the 20/60/70ms ABS pattern.

The means by which synchronisation is achieved is up to network implementation, however some methods would include

· An external time reference signal such as an GNSS signal which is received by both nodes

· Network listening module (for example in the pico node) which self synchronises to the network node(s) it can hear

· A precision time protocol such as IEEE 1588 can be used to synchronise clocks in individual network nodes to a master clock
Regardless of the mechanism used, we must assume that such a mechanism exists, and that it has the capability to synchronise the usage of ABS patterns between nodes. For example, if a macro UE provides an ABS, then this must be exploitable by pico nodes to schedule UE that are operating under CRE. This need for pattern synchronisation is required regardless if the patterns are semi-statically configured by OAM or dynamically configured over a macro-pico X2 interface.
In any case, the implication of observation 1 is that a simple rule whereby the FDD ABS pattern synchronisation and the PBCH system frame number modulo 4 are tied to each other would ensure that the same redundancy version is in use in the victim and aggressor cells.
In other words if 40ms=4x frame sync is achieved for subframe pattern synchronisation, it should also be feasible for each synchronising node to match its SFN periodicity with the ABS pattern cycle using the same mechanism, i.e. 4 RVs of PBCH occur during one period of the ABS pattern. Note that this does not even mean that the SFN are the same in the whole network in the absolute sense, just that the 2 LSBs need to be the same.

Corollary of observation 1 : Based on the requirement to synchronise FDD ABS pattern with 40ms periodicity, an equivalent approach can synchronise the PBCH RV.
For example, a GPS receiver can be expected to output a time pulse every 1s with extremely high accuracy. Since 1000ms = 25 x 40ms, it is clear that if a newly synchronising node initialised its SFN timing to zero according to the GPS 1 second pulse, it would have the same SFN mod 4 timing as all other nodes that had used the same synchronisation means. This is provided only as an example of how synchronisation at a higher level than frame synchronisation is achieved and we assume that these kind of engineering solutions are necessary to synchronise macro and pico eNB usage of ABS patterns. Should any network node need to be restarted, then it clearly needs to reaquire synchronisation. In case a macro eNB is restarted then any pico nodes which are synchronised to it (for example using NLM) would need to reaquire synchronisation. However, we would emphasise that 40ms syncronisation is a requirement for ABS pattern synchronisation irrespective of UE assumptions about P-BCH. We would also emphasise that the main discussion is about the feasibility of redundancy version synchronisation (ie the 2 LSB of SFN) rather than the upper 8 bits of the SFN which are signalled by RRC.
2.2 UE receiver aspects
First we begin by reviewing the scenarios in which the UE needs to receive P-BCH. Since feICIC applies to RRC connected state UE, we do not need to consider P-BCH decoding which may occur in initial cell selection or in idle mode reselection. So the only cases in which the UE may need to acquire P-BCH in RRC Connected state are either
· In order to determine the system frame number of a cell following a handover, so that the appropriate HARQ timing can be taken into use

· As a first step of the cell global ID (CGI) decoding procedures that may be requested by an eNB, for example as a part of ANR or handover procedures.

Next we review the structure of the P-BCH without yet considering P-BCH interference cancellation. It is well known that the P-BCH is transmitted on the central 72 subcarriers in the first 4 OFDM symbols of subframe 0. It consists of 4 redundancy versions (RV) transmitted over 4 consecutive radio frames. In other words each P-BCH codeword is spanned over a 40 ms TTI. Each of the four RVs is scrambled differently and contains 480 bits. Each of the RVs is self decodable, but may be combined with other RV within the same 40ms combining window to improve the performance at low SNR. Transmissions from different 40ms windows cannot be soft combined, principally because the P-BCH data payload changes with 40ms periodicity (the upper 8 bits of SFN are included as payload). The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames.
This is illustrated in figure 1
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Figure 1 : Scheduling of the transmission of different redundancy versions of the P-BCH
Since the UE is unaware of the redundancy version until it successfully decodes the P-BCH, it means that the UE needs to blindly attempt to decode the P-BCH using different soft combining schemes. Essentially, the UE would start with the 4 different hypothesis that the data it has just received corresponds to RV=0, RV=1, RV=2, RV=3. In each case the UE attempts to decode data with the maximum possible soft combining considering the hypothesised RV and the available soft decisions considering the receiver starting time. In addition, in the general P-BCH decoding case, the UE must blindly detect the TX antenna configuration. However, it should be noted that for feICIC, the antenna configuration of the aggressor cells is provided, so the step of detecting TX antenna configuration from CRC masking would only be potentially required for the victim cell. 
Assuming the decoding of one of these blind options succeeds then the RV in use (and hence the lower 2 bits of SFN) becomes known to the UE. If the decoding fails then 10ms later the decoding is performed with the corresponding combining hypothesis (in other words the next transmission received is combined with the stored soft bits according to the assumption that the next received P-BCH data is RV=1, RV=2, RV=3 or else old data for RV=3 is discarded and the new data is assumed to be a first transmission in a TTI, RV=0). The process continues until a successful P-BCH decode is indicated by CRC. The successful hypothesis indicates the likely RV in use by the eNB at that instant, and the payload may be decoded as a MIB by RRC to indicate the upper 8 bit systemFrameNumber, dl-Bandwidth and phich-Config. Combining both the RV detected in layer 1 and the upper layer systemFrameNumber, the exact system frame number of the transmission becomes known.
Next we consider what happens if we consider 2 cell P-BCH IC. An example of the general case where SFN synchronisation is not assumed is shown in figure 2
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Figure 2 : Scheduling of the transmission of different redundancy versions of the P-BCH, along with aggressors with arbitrary SFN timing
It should be emphasised that the SFN of the aggressor cells is also unknown when the UE determines that it needs to receive the victim P-BCH. Therefore several problems can be observed

· There are a large number of hypothesis that need to be tested in order to attempt to decode the P-BCH. Over a fixed time window of 40ms, there are (4+4+4) different options which can be considered to perform P-BCH IC. However, as discussed, P-BCH transmissions are self decodable, and counting the number of intermediate decoding combinations which need to be tried to perform P-BCH IC of the victim cell (for example with 1, 2 or 3 combined transmissions) the complexity does not scale linearly with the number of cells to be cancelled. Since the UE should meet RAN4 performance requirements, the different RV combination of the two aggressor and the victim P-BCH needs to be considered. It should be noted in this context that decoding of a certain P-BCH aggressor may itself need IC from a more dominant aggressor.
· Even if the UE makes all possible decoding attempts at each time instant, it seems clear that the latency of UE decoding is increased compared to the case where RV is the same, because the UE is unlikely to succeed in decoding the victim P-BCH if the aggressor RV for the 2 interfering cells. has not yet been detected (although it would still be attempted). Increased latency also corresponds to increased UE power consumption.

· The RRC payload of the aggressor can be seen to change during the victim cell P-BCH TTI. This means that even if the aggressor RV is known to the UE (for example the aggressor P-BCH has passed a CRC check) the only way that the aggressor physical channel symbols can be estimated by the UE based on the past symbols which it has transmitted is by performing RRC and L1 re-encoding of the MIB, using the expected payload (incremented systemFrameNumber). Moreover, other MIB data in the aggressor cell may also change on the same 40ms TTI boundaries, and the UE will not be signalled or informed that these are changed.
Observation 2 : UE implementation is signficantly more complicated if the same RV cannot be assumed between aggressor and victim cells.
2.3 Way forward

RAN4 has been discussing the same-SFN assumption actively since mid 2012 and has not achieved consensus. Although P-BCH demodulation requirements may be viewed as part of the performance work of RAN4, nevertheless the assumptions on PBCH-IC are fundamental to the design of the receiver implementation, and in this respect PBCH is quite different to PSS/SSS-IC and CRS-IC since the aggressor contains a payload which varies with time and has been encoded by the eNB RRC rather than being a standardised function of the aggressor physical cell ID. Thus we think that it is critical that RAN4 concludes the discussion to facilitate timely release 11 implementation, and indeed on this basis the fundamental operation of PBCH-IC may also be considered a core requirement.
Based on our observations there may be some need for careful definition in the discussion. Clearly, other MIB payload information such as bandwidth or PHICH-Config may vary between aggressor and victim cells, and the UE does not assume that those are the same when it performs P-BCH IC. So it is probably not necessary to assume that the upper 8 bits of systemFrameNumber are the same between aggressor and victim either. On the other hand, our analysis indicates that UE P-BCH IC could be significantly simplified by ensuring that the RV (ie lower 2 bits) of SFN is synchronised and at the same time this seems necessary in feICIC network deployments – since the 40ms subframe pattern usage needs to be synchronised between nodes.
Based on this we make a single proposal:

Proposal : RAN 4 requirements for P-BCH interference mitigation shall assume the same redundancy version is in use for P-BCH in victim and aggressor cells
3. Conclusions

In this contribution we provide analysis of the network and UE complexities for assuming that the same SFN would be used in requirements for P-BCH IC. Based on the analysis we make two observations and one proposal
Observation 1 : Due to 40ms periodicity of FDD ABS patterns, network nodes capable of feICIC should be capable of synchronising their transmissions at symbol, subframe, frame and 4x frame periodicities.

Observation 2 : UE implementation is more significantly complicated if the same RV cannot be assumed between aggressor and victim cells.

Proposal : RAN 4 requirements for P-BCH interference mitigation shall assume the same redundancy version is in use for P-BCH in victim and aggressor cells
Similarly to other RRC payload information, under this proposal, the UE should not assume that the upper 8 bits of the systemFrameNumber are the same between the aggressors and victim cell.
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