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Discussion and Decision
1
Introduction
During the RAN1#87, it has been agreed that advanced receivers are going to be considered in the NR context as follows:

· NR should consider advanced receiver at the UE, by studying:
· Joint reception of multiple data streams from one or more TRPs/panels
· Interference cancellation/suppression
· One or more data stream(s)
· Reference signal(s)
· Potential notification the UE of the information related to interfering signals, e.g., MCS, CSI-RS ports, DM-RS pattern and transport block size, # of layers, MIMO mode, etc.
· Potential blind detection of information regarding interference
· Potential joint channel estimation and reception of data
· Potentially different numerologies (e.g., tone spacing, etc.)
In a previous contribution [1] we have been discussing on the applicability of advanced recievers in LTE and the potential use cases in NR. Our previous proposals can be listed as follows:

Proposals [1]: 

· 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.
In this contribution we address the open items listed in the previous meeting and provide our recommendation on these aspects.
2
Applicability of advanced receivers in NR

2.1 
Inter-stream interference cancellation
The LTE RAN4 performance requirements on SU MIMO are a good reference point that inter-stream interference IC capability is beneficial, at least when two codewords are utilized for transmission. NR is considering the following design for SU MIMO operation: 

· the transmitted layers may be mapped from a single codeword for low number of layers (like 2), 

· SU MIMO may happen from one or more TRPs, when more TRPs are used this could be seen as distributed MIMO, 

· two codewords might be used for more than two layers. 

Given this NR setup, it is highly probable that interstream IC is beneficial and should be considered. In fact, in our companion contribution [2], we show the benefit of CWIC receiver in a multi-stream setup where multiple TRPs are transmitting data layers to the same user. When it comes to CoMP like setups, it is for further investigations how the frequency allocations of the streams should be, that is fully overlapping or partiall overlapping or not overlapping at all. Nevertheless, the full overlap case is a situation encountered in SU MIMO as well as a particular scheduling arrangement in CoMP. As details such as number of streams to be canceled, receiver architectures, etc, are of RAN4 competence, we defer such decisions for RAN4 study.
Proposal 1: NR supports non-linear receiver for inter-stream interference cancellation. RAN4 should investigate the amount of IC-ed streams, etc. 
2.2 
Inter-user interference cancellation

Inter-user IC targets mainly MU MIMO operation. The LTE has specified during Release 14 several cases of MU MIMO IC: the case in which spatial separation exists between the paired users and the advanced receiver brings additional performance benefit, and also the case in which there is no spatial separation between the users and hence the transmission happens as a superposition between the so called far and near UEs, in this case the utilization of non-linaer receiver in the near UE being mandatory.  
The superposed transmission is a technique which was proved to bring some marginal gains only when very low number of Tx antennas are used, such as 2Tx. In fact, as the number of Tx antennas is increasing the superposed transmission gain is decreasing, reasons being that: 1. The MU pairing probability of same precoder is getting smaller, as 2, the beams from the transmitter are getting narrower. NR builts on a philosophy of massive number of antennas utilization, from this perspective going into a direction where same precoder pairing probability is expected to be very low. From this perspective, we do not support in NR the superposed transmission using same precoder.

Proposal 2: NR does not support superposed transmission of multiple UEs (hence UEs utilzing same precoder) 
Not the same can be said about the utization of advanced receiver when spatial separation do exist. Narrow beams and spatially separated UEs is the main operating way of NR. In such a scenario, the inter-user IC may remove the residual interference which still happened because of adjacent beamforming lobes which happen at the gNB.

Proposal 3: NR supports non-linear receiver for inter-user interference cancellation when UEs are spatially separated. RAN4 should investigate the amount of IC-ed streams, etc. 
2.3 
Inter-cell/TRP interference cancellation

Inter-cell /TRP IC resembles to NAICS of LTE. In addition, in the same category we can put dynamic TDD, as this can be seen as an adjacent TRP/cell which operates with different TDD subframe direction. 
The NAICS type of operation has few important design characteristics: * it relies on a symbol based UE receiver which has small interferer characteristics needs, * considers a blind detection engine which, based on a set of gNB parametrization assumtions, facilitates both reasonable UE complexity as well as network configuration flexibility, * exchanges over the X2 interface parameters which are slow time varying. 

Proposal 4: NR should consider as baseline the NAICS type of operation: use of symbol based non-linear receiver at UE (RML), blind detection operation of modulation type, etc, exchange over Xn of slowly time-varying parameters.

In addition, the dynamic TDD should impact as least as possible the signalling exchange between TRPs, as with signaling exchange, the main point of dynamic TDD operation is lost. The UL/DL frame and signal placements should be done in such a way that IC is enabled by default as well as parameters such as, for example, RS sequences are known/available implicitly to the UE in order to perform seamless IC.

Proposal 5: IC utilization in dynamic TDD should utilize the symmetric design of NR DL/UL channels and should implicitly provide IC needed information, such as, RS utilization in the interference link, etc.

2.4 
Reference signal IC
Even if the LTE system has no defined performance requirements for RS IC, there is a common understanding, at least in RAN4, that for example DMRS IC is implemented in the UE. This helps indeed increasing the quality of the DMRS and even more important, it is possible as a result of a DMRS design which facilitates such operation, allowing the DMRS ports to utilize OCC codes and overlapping positions. 
Other forms of RS IC are defined in LTE, such as CRS IC. In NR there is currently a discussion on the introduction of a periodic RS used for time/frequency tracking. On the other hand the CRS of LTE proved to be a difficult source of interference which is not fully considered even today, when deplyments of 4 CRS ports are problematic. An always-ON RS has a few issues: * it complicates the possibility of energy saving of the gNB (hence turning off the base station), * it pollutes with interference, which is more visible when the cells are operating at low and very low load. If such always-ON RS is deemed necessary, it needs to be accompanied by an RS IC mechanism from the very beginning. 
Proposal 6: DMRS IC is supported in NR.

Proposal 7: Always-ON RS, if introduced, is accompanied by an IC mechanism.
2.5 
Frequency domain considerations 
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 8: Strive to apply non-linear receivers for at least 2 spatial layer and wide bandwidth as baseline.

3
Conclusions
The contribution is concluded by summarizing our proposals as follows: 

Proposal 1: NR supports non-linear receiver for inter-stream interference cancellation. RAN4 should investigate the amount of IC-ed streams, etc. 
Proposal 2: NR does not support superposed transmission of multiple UEs (hence UEs utilzing same precoder) 
Proposal 3: NR supports non-linear receiver for inter-user interference cancellation when UEs are spatially separated. RAN4 should investigate the amount of IC-ed streams, etc. 
Proposal 4: NR should consider as baseline the NAICS type of operation: use of symbol based non-linear receiver at UE (RML), blind detection operation of modulation type, etc, exchange over Xn of slowly time-varying parameters.

Proposal 5: IC utilization in dynamic TDD should utilize the symmetric design of NR DL/UL channels and should implicitly provide IC needed information, such as, RS utilization in the interference link, etc.

Proposal 6: DMRS IC is supported in NR.

Proposal 7: Always-ON RS, if introduced, is accompanied by an IC mechanism.

Proposal 8: Strive to apply non-linear receivers for at least 2 spatial layer and wide bandwidth as baseline.
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