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1
Introduction
Advanced receivers have been investigated and utilized in multiple recent LTE releases. Interference cancellation has been applied to different reference signals like CRS, PSS, SSS, P-BCH while different channels have been, or are currently enhanced, such as PDSCH, PDCCH/EPDCCH. More specifically, in LTE PDSCH inter-cell interference and inter-stream interference is possible to be cancelled by means of symbol level non-linear processing, allowing for increased coverage and average system performance. 
In this contribution we discuss the applicability of the UE advanced receivers in 5G NR. 
2
Receiver choices

2.1 
Linear receiver structures

In E-UTRAN, a first step towards linear interference suppression was made in Rel-11 with LMMSE-IRC reference receiver. Such a receiver structure is today’s baseline for LTE channels and hence widely used across technologies. LMMSE-IRC receiver can efficiently suppress interference when the degrees of freedom at the receiver are sufficient, i.e., the number of receiver antennas is higher than the number of interfering spatial layers. However, even a straight forward receiver structure as IRC requires a friendly system design which facilitates the estimation of the dominant interference covariance matrix which is done in LTE based on CRS and DMRS. In LTE, the performance of LMMSE-IRC is worst in colliding CRS scenarios due to the incorrect interference covariance estimation. 

Observation: Good linear receiver performance is conditioned by accurate estimation of the dominant interference covariance.
2.2 
Interference aware non-linear receiver structures

Non-linear receiver structures have been discussed at length in several LTE releases in both RAN1 and RAN4. Symbol level IC was the receiver of choice due to its affordable implementation complexity and yet efficient operation. Two main architectures were considered Successive Interference Cancellation (SIC) and Reduced complexity Maximum Likelihood (RML). The SIC receiver relies on the interference subtraction based on demodulation of the interferer’s symbols. This receiver may suffer from error propagation phenomenon since no CRC check is possible. On the other hand, RML performs joint detection of the layers of interest. 
Observation: Symbol based non-linear receivers are appealing structures from performance and complexity perspective.

A more complex receiver structure is codeword IC (CWIC). In this case, the receiver attempts to detect and decode the target interferer. A bottleneck of CWIC is the decoding of the interferer which requires an important amount of parameters which characterize the target channel of interest. This was typically a showstopper for CWIC applicability in LTE, however even in the case of SU MIMO where such information is availabe, the performance of CWIC not much superior form the symbol based receivers. Hence, possible in practice, CWIC was never considered as a candidate at least for RAN4 performance requirements. 
It is worth mentioning that non-orthogonal access schemes may use yet another flavour of receiver. While in the case of typical inter-cell interference IC the receiver is detecting two spatial layers, in non-orthogonal multiple access the receiver may handle the same spatial layer and separates the interference/users based on the constellation points. This facilitates even a simpler implementation of a so called single layer RML.

3
Applicability and scalability of advanced receivers in LTE 

Interference cancelation receivers have been applied in LTE for various purposes in different scenarios. In the following we are briefly discussing the main scenarios.
3.1

Reference signals interference cancellation

Interference cancellation of LTE reference signals has been introduced as an ultimate solution to fix design issues which could not be solved otherwise. It has been indeed noted that CRS interference is a problem not only for techniques like FeICIC but also in low load cases where the amount of interference generated by the always-ON CRS is unacceptable. Yet, the CRS IC problem is not fully solved as for example the 4CRS AP IC require increased capability from the UE side. Similar motivations lay behind the introduction of the PSS, SSS and P-BCH IC. The NR needs to avoid such design problems, something many companies have already noted in their forward compatibility discussions.
Observation: Interference cancellation of unwanted reference signals needs to be avoided by the NR design itself.

There is another type of reference symbols IC which is friendlier by design. The LTE DMRS has been designed in a “colliding way”, facilitating IC and hence improved performance. This is a desirable configuration which should be attempted as much as possible in the NR.

Proposal: the NR reference symbols should be designed in an IC friendly way.

3.2

Physical channels interference cancellation

Many physical channels are target for IC in LTE. The PDCCH is enhanced by means of advanced linear receivers (LMMSE-IRC), while various forms of PDSCH interference is cancelled by means of symbol level non-linear receivers. NAICS is targeting the intercell interference cancellation, while both SU MIMO inter-layer interference and inter-user interference is possible to be cancelled by means of symbol level IC. Advanced receivers may be used also for multiple access as it is the case in MUST where the interference from a far situated layer is cancelled in the near UE which is opportunistically scheduled with very low power.
3.3

Scalability of advanced receivers in space and frequency
There are also limitations when applying advanced receivers. As the baseband processing pool is limited, it is clear that there is a constraint when applying the non-linear receivers in space and frequency. Hence the current LTE operation is restricted to a maximum of 3 spatial layers processing (including desired layers) and also limits to just a few component carriers frequency-wise (depending on implementation). This needs to be taken into account when considering advanced receiver structures in NR, something we discuss in the next sections.
Observations: LTE advanced receivers are having a limited applicability in space and frequency. 

4
Applicability of advanced receivers in NR

4.1 
Number of receive antennas in the UE
There are few game changers in NR. The amount of UE receive antennas might increase compared to LTE. Indeed, at least in high frequency carriers where analogue beamforming is considered, a large amount of antennas at the UE side is envisioned. This should facilitate efficient advanced linear IC based on LMMSE-IRC principles. Yet another lesson from LTE teaches us that increasing the amount of Rx antennas and using IRC forms an “unbeatable” solution for increasing the system coverage.
Observation: an increased amount of Rx antennas at the UE should facilitate very good LMMSE-IRC performance.

4.2 
Scalability in space and frequency

We have previously discussed that the limited baseband processing budget is restricting the wide applicability of advanced receivers in spatial and frequency domains. The NR radio is promising bandwidths operation which may scale to 1 GHz and even beyond. We should aim to invest at least two layers of advanced non-linear processing over such wide bandwidth. In other words, wideband SU MIMO should be possible using non-linear advanced receivers such as RML or CWIC. If such a target can be met, then the applicability of inter-cell IC could be more easily scaled from the perspective of the UE. 

Proposal: Strive to apply non-linear receivers for at least 2 spatial layer and wide bandwidth as baseline.
Proposal: Strive for a lean system design which facilitates the acquisition of the interfering layers parameters which need to be cancelled by the UE, being inter-cell/inter-layer/inter-user interference.
Proposal: Enhanced RS estimation should be facilitated by the system design.
5
Conclusions
The contribution is concluded by summarizing our proposals as follows: 

Proposals: 
· The NR reference symbols should be designed in an IC friendly way.
· Strive to apply non-linear receivers for at least 2 spatial layer and wide bandwidth as baseline.
· Strive for a lean system design which facilitates the acquisition of the interfering layers parameters which need to be cancelled by the UE, being inter-cell/inter-layer/inter-user interference.

· Enhanced RS estimation should be facilitated by the system design.

