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1 Introduction
According to the LS [1] from RAN4, RAN1 was asked to start discussion on the objective #3 as described in the SID [2]:
3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC
· Work can start at different time for different reference receivers
In this contribution, we discuss the necessity of network assistance signalling and associated coordination complexity/feasibility of the receivers considered for NAICS [3]. The system level modelling methodology and initial system level evaluation results are discussed in our companion contribution [4].
2 The Necessity of Network Signalling
LMMSE-IRC receiver has been studied in Rel-11 [5]. Some throughput gain can be obtained by LMMSE-IRC receiver compared to Rel-8/9/10 baseline receivers. In LMMSE-IRC, the covariance matrix estimation is based on ‘signal minus’ method; and its receiver structure can be described as follows:
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is the received signal, 
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is the covariance matrix with respect to interference and noise:


[image: image6.wmf],

1

=(,)(,)

H

klRS

sp

klkl

N

Î

å

%%

I+n

Rrr


where 
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is the number of sampled RS REs where the RS could be CRS or DMRS, and 
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is derived from ‘signal minus’ method:
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However, there are still some cases in which the performance of LMMSE-IRC receiver would suffer severely. Take the following two typical cases for example.

Case 1: 
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Figure 1. The case of CRS collision between the serving and the interfering cell
In the case of the interference covariance matrix is estimated based on CRS, it is difficult for a UE to get the actual interference knowledge when CRS collides between its serving cell and the interfering cell. The reason is that CRS from the interfering cell is not pre-coded and usually power boosted, but the actual interference signal to data REs in the serving cell is PDSCH from the interfering cell which is pre-coded without power boosting. In other words, the interference estimated based on CRS of the interfering cell does not represent the actual interference. In another example, if Almost Blank Subframe (ABS) is configured or some PRBs are not scheduled in certain subframes in the interfering cell, the interference estimation of LMMSE-IRC would not be accurate as well.

In practical deployments, CRS collision may not be avoided completely even with cell ID planning especially for dense small cell or some CoMP deployment scenarios. 
Case 2:
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Figure 2. The case of DMRS with different layers
In the case of the interference covariance matrix is estimated based on DMRS, it is also difficult for a UE to get the full interference knowledge when DMRS layers are different between its serving cell and the interfering cell. For example, the target signal has one layer for the associated DMRS; if the interfering signal has four layers for its associated DMRS, then only partial interference (of only one layer) may be estimated through ‘minus signal’ method as  the pre-coding  of one layer is apparently different with that of four layers. Furthermore if the interfering signal has odd number of layers such as three layers for its associated DMRS, the problem will get worse, as the inaccuracy of interference estimation not only comes from difference of pre-coding but also the power difference between DMRS for estimation and the interfering PDSCH. 
In fact, if a UE can get the interfering information such as the interfering channel, through which the interference can be estimated directly and accurately, then the above mentioned cases can be avoided easily. Furthermore, in those cases, UE implementation method along such as blind detection may be too complex and not feasible to be of practical use. On the other hand, network assisted interference cancellation/suppression signalling and coordination may be a promising way to obtain more receiver gain with less receiver complexity. 

Observation 1: Network signalling is necessary for further performance gain.
3 Analysis of Network Signalling and Coordination for NAICS
Many advanced receivers are discussed in RAN4 for NAICS [3], which can be categorized as the following from the perspective of network signalling and coordination:
E-MMSE-IRC receiver 
If the interference covariance matrix is estimated based on CRS of the interfering cell by which the interfering channel can be estimated directly, the following information about the interfering signal is necessary:

· CRS port number
· PCID of the interfering cell

· Pre-coding information (PMI/RI)

· PRB allocation for CRS of the interfering cell
· PDSCH existence in the interested PRBs of the interfering cell

· MBSFN subframes

If the interference covariance matrix is estimated based on DMRS of the interfering cell by which the interfering channel can be estimated directly, the following information about the interfering signal is necessary:
· DMRS layers

· DMRS initial parameters like PCID or VCID, nscid
· PRB allocation for DMRS of the interfering signal
If the interference covariance matrix is estimation based on ZP-CSI-RS by which the interfering signal plus noise can be estimated directly, the following information is necessary:

· ZP-CSI-RS position
For CRS-based or DMRS-based method, network coordination such as CP length alignment, synchronization assumption, subframe type alignment, CFI alignment, PRB alignment may provide more performance gain and/or reduce the complexity for IS/IC implementation.

Take Rel-11 LMMSE-IRC receiver as the baseline, the additional computational complexity of E-MMSE-IRC is interference channel estimation for CRS-based or DMRS-based method, which depends on channel estimation method. There’s no additional complexity for ZP-CSI-RS-based method.
Symbol-level SIC receiver 
If the interfering signal is transmitted based on CRS, the following information about the interfering signal is necessary:
· CRS port number
· PCID of the interfering cell

· Pre-coding information (PMI/RI)

· PRB allocation for CRS of the interfering cell

· Modulation order

· Transmission mode

If the interfering signal is transmitted based on DMRS, the following information about the interfering signal is necessary:
· DMRS layers

· DMRS initial parameters like PCID, VCID, nscid
· PRB allocation for DMRS of the interfering signal

· Modulation order

· Transmission mode
Besides the above, network coordination such as CP length alignment, synchronization assumption, subframe type alignment, CFI alignment, data to RS EPRE information exchange or modulation order coordination may provide  more performance gain and/or reduce the complexity for IS/IC implementation.

Take Rel-11 LMMSE-IRC receiver as the baseline, the additional computational complexity of symbol-level SIC receiver is interference channel estimation and demodulation which is linear to modulation order.
Bit-level SIC receiver 
If the interfering signal is transmitted based on CRS, the following information about the interfering signal is necessary:

· CRS port number
· PCID of the interfering cell

· Pre-coding information (PMI/RI)

· PRB allocation for CRS of the interfering cell

· PDSCH resource mapping such as TBSize, CFI, DMRS/CSI-RS position, RNTI

· MCS

· Transmission mode

If the interfering signal is transmitted based on DMRS, the following information about the interfering signal is necessary:

· DMRS layers

· DMRS initial parameters like PCID, VCID, nscid 
· PRB allocation for DMRS of the interfering signal

· PDSCH resource mapping such as TBSize, CFI, CRS/DMRS/CSI-RS position, RNTI

· MCS

· Transmission mode

Besides the above, network coordination such as CP length alignment, synchronization assumption, subframe type alignment, CFI alignment, PRB alignment, data to RS EPRE information exchange or MCS coordination may provide more performance gain and/or reduce some complexity for IS/IC implementation.
Take Rel-11 LMMSE-IRC receiver as the baseline, the additional computational complexity of bit-level SIC receiver is interference channel estimation demodulation and decoding which is linear to MCS level.

Symbol-level ML receiver 
If the interfering signal is transmitted based on CRS, the following information about the interfering signal is necessary:
· CRS port number
· PCID of the interfering cell

· Pre-coding information (PMI/RI)

· PRB allocation for CRS of the interfering cell

· Modulation order 
If the interfering signal is transmitted based on DMRS, the following information about the interfering signal is necessary:
· DMRS layers
· DMRS initial parameters like PCID or VCID, nscid
· PRB allocation for DMRS of the interfering signal

· Modulation order

Again, network coordination such as CP length alignment, synchronization assumption, subframe type alignment, PRB alignment or CFI alignment may provide more performance gain and/or reduce the complexity for IS/IC implementation.
Compared to the baseline receiver of Rel-11 LMMSE-IRC, the additional computational complexity of symbol-level ML receiver is interference channel estimation and demodulation which is exponential to rank, modulation order and the interferer number.
Bit-level ML receiver 
If the interfering signal is transmitted based on CRS, the following information about the interfering signal is necessary:

· CRS port number
· PCID of the interfering cell

· Pre-coding information (or PMI)

· PRB allocation for CRS of the interfering cell

· MCS

If the interfering signal is transmitted based on DMRS, the following information about the interfering signal is necessary:

· DMRS layers

· DMRS initial parameters like PCID or VCID, nscid
· PRB allocation for DMRS of the interfering signal

· MCS 
Once again, network coordination such as CP length alignment, synchronization assumption, subframe type alignment, PRB alignment or CFI alignment may provide more performance gain and/or reduce some complexity for IS/IC realization.
Similar to symbol-level ML receiver, the additional computational complexity of Bit-level ML receiver is interference channel estimation, demodulation and decoding which is exponential to rank, modulation order and the interferer number.

Note that some information of the interfering signal such as CRS port number and PCIDs of neighbouring cells may already be supported in Rel-11. 

In general, ML receivers need more computational complexity, and SIC receivers require more network signalling/coordination, while E-MMSE-IRC may have less gain [3]. As a result, the study of NAICS should comprehensively consider the tradeoff between network signalling, network coordination, receiver complexity, performance, and so on.
It should be noted that, network coordination may reduce the flexibility of resource allocation in the serving cell and/or interfering cell and hence may impact the system performance of interfering cell and/or serving cell. On the other hand, if the PRBs are not aligned or partial overlapped between the target UE and the interfering UE, IS/IC complexity would increase greatly especially for SIC receivers or ML receivers. 
Typically, the information about the interfering signal needs to be informed to the serving cell through backhaul from the interfering cell and then to the target UE by higher layer signalling or DCI in the serving cell. Some information about the interfering signal varies fast such as the information of PRBs allocation. However, non-ideal backhaul makes it difficult to exchange those types of information in time due to its large backhaul delay. In the study of network assisted advanced receivers, such practical limitations should be considered.
Proposal 1: The study of NAICS should comprehensively consider network signaling/coordination, receiver complexity and performance, with practical limitations on backhaul considered.
4 Conclusion

In this contribution, we discussed the necessity of network assistance signalling and associated coordination complexity/feasibility of the receivers considered for NAICS, the following observation and proposal are concluded:
Observation 1: Network signalling is necessary for further performance gain.
Proposal 1: The study of NAICS should comprehensively consider network signaling/coordination, receiver complexity and performance, with practical limitations on backhaul considered.
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