3GPP TSG RAN WG1 NR Ad-Hoc Meeting          
                 
R1-1701084
Spokane, USA, 16th - 20th January 2017
Agenda item:

5.1.2.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
Network Coordination to support advanced receivers
Document for:

Discussion and Decision
1
Introduction
At the RAN1#87 meeting, the following WF on network coordination was agreed [1]:
· For advanced receivers based on network coordination, system-level simulation are encouraged to be evaluated in NR study item

· For system-level simulations, urban macro scenario, dense urban scenario excluding small cells, indoor hotspot scenario, and dense urban scenario including small cells with the same carrier frequency  are encouraged to be evaluated in NR study item

· Simulation assumptions of TR 38.802 can be a starting point 

· FFS whether or not to further update the simulation assumptions

· Details on additional information assumed in evaluations should be provided by each company 

In addition, the following WF was also agreed [9]:
· NR supports both semi-static and dynamic network coordination schemes

· Study interference measurement details

· Including aspects related to measurement sets 

· The network coordination schemes should consider at least the following schemes:

· DPS/DPB

· CS/CB 

· Non-coherent JT

· Coherent JT

· eICIC

Whether each scheme requires specification support or not is FFS
As cellular systems further densify their cell deployment in 5G, co-channel interference will continue to be a major source of obstacle to cell throughput improvement and more importantly the cell edge user throughput performance, which governs end users’ experience. This contribution outlines the basic requirement for a NR design to support dynamic interference management by using efficient network-based inter-cell interference coordination in conjunction with the advanced UE-side receivers NR will deploy. Section 2 describes network coordination in presence of UEs with advanced interference aware receivers while Section 3 describes the network-based modulation order coordination method to improve overall system performance. This is followed by the discussion on the need for an enhanced set of UE feedback measurements in Section 4 and Section 5 concludes the contribution with a summary of proposals. The scope of this contribution is limited to downlink performance aspects. This contribution also adopts the well-known notation of victim UE and aggressor cell while describing the inter-cell interference management mechanisms.
2
Network Coordination to support advanced receivers 
NR is expected to include UEs with interference mitigation capabilities (linear interference suppression schemes such as MMSE-IRC and/or non-linear interference cancellation schemes, such as, symbol-level IC and codeword-level IC, studied as part of the NAICS feature). When designing dynamic interference management schemes for NR, the benefits of network coordinating the transmission parameters across cells in a coordinating cluster in conjunction with the UE interference mitigation receiver should be taken into account to attain maximum synergies. This opens up new opportunities for network-based IC for NR as compared to what has been considered for LTE. If the network is aware of the UE receiver capabilities, it can coordinate the parameters of the transmission to yield larger system-wide benefits. As an example, if the victim UE uses non-linear interference cancellation capabilities (e.g. NAICS with SLIC) then it will be beneficial if the interfering signal from the aggressor cell is transmitted with lower modulation order. However, if the victim UE uses only linear interference suppression schemes (MMSE-IRC receiver), then the network can coordinate muting of certain set of contiguous time-frequency resources of the aggressor cell or coordinate the rank of the transmission.    
Proposal 1: Knowledge of UE IC capability can allow the gNB to coordinate the parameters of the transmission to yield larger system-wide benefits, NR should allow the UE receiver capability information to be available to the network. Such UE IC capabilities may be implicitly known by the network due to specific CSI computation support by that specific UEs.
3
Modulation Order Coordination 
It is well-known from numerous fundamental studies [4-5] that the performance of advanced UE-side interference aware receivers does not only depend on the power of the received interfering signals, but also on the modulation order used by the interfering signal from the aggressor gNB. The lower the modulation order used on the resource blocks of the aggressor gNB, the higher the IC efficiency of the victim UE. Hence there is a relation between the modulation order used in the aggressor gNB (and serving cell) against the IC efficiency capability that can be achieved by the victim UE. The victim UE would be able to achieve higher IC efficiency if the aggressor gNB uses QPSK modulation as against 16QAM which in turn helps achieve higher IC efficiency compared to the case when the aggressor uses 64QAM. Use of lower modulation order in the serving gNB has a much lesser impact on the IC efficiency capability of the victim UE.
This means that, the modulation order used on the resources of the aggressor gNB can be adapted to the IC capabilities of the victim receiver. Essentially this would require the gNBs in a coordinating cluster to coordinate by lowering the modulation order on certain set of contiguous time-frequency resources in the aggressor gNB to help improve the IC efficiency of the victim (cell edge) UE in the neighbouring cell.  
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Figure 1. Network-based Modulation Order Coordination 
Figure 1 illustrates modulation order coordination with the aggressor gNB allocating QPSK modulation to its UE in order to improve the IC efficiency of the NAICS-capable victim (cell edge) UE in neighbouring cell. As another example, the gNBs in a coordinating cluster can also coordinate by aligning (in terms of a set of time-frequency resources allocated) cell edge UEs with aggressor cell’s UEs which naturally transmit lower modulation order. The gains will depend on the backhaul latency and also subject to backhaul bandwidth constraints to exchange coordination information. Here the framework used for eCoMP can be reused and the assumptions we are proposing in a companion paper [7].
This type of modulation order coordination solutions would be of essential help in achieving gains from
a) Coordinated scheduling gain by aligning UEs that can capitalize on IC with strong interferer’s use of lower modulation order.
b) MCS improvement gains by utilizing knowledge of strong interferer’s modulation order.
Table 1 below shows that we can achieve a moderate 17% improvement in cell-edge throughput performance with no effect on the average UE throughput by implementing modulation order coordination among the gNBs of a coordinating cluster. The baseline scheme listed below does not have modulation order coordination enabled. These performance results have been obtained for the LTE numerology (see simulation assumptions in the Appendix), but we expect similar performance gains also for NR below 6 GHz. 
	Schemes 
	Average UE Throughput (Mbps)
	Cell Edge UE Throughput (kbps)
	Cell Edge Gain (Over Baseline)

	Baseline
	1.66
	259.96
	

	Modulation Order Coordination
	1.66
	304.68
	17.2%


Table 1. Performance Results with Modulation Order Coordination
Proposal 2: NR should support coordination of transmission parameters, such as, rank and modulation order across neighbouring cells.
4
Enhanced UE feedback measurements 
At the RAN#86-BIS meeting, the following WF on CSI Framework for NR was agreed [8]:

· CSI-related settings consisting of:

· CSI reporting settings

· CSI parameter can be independently configured, e.g. time and/or frequency granularity, FFS: ON/OFF

· FFS: Details of configurability

· Definition of CSI parameters (e.g., CQI, PMI, RI) is FFS

· RS (at least for CSI measurement) settings, e.g. CSI-RS (CSI-IM as a special case)

· FFS: Other RS for CSI measurement

· CSI measurement settings 

· To configure which RS setting is used for a particular CSI reporting setting

· Study the case where a UE can be configured with:

· N CSI reporting settings

· M RS (for CSI measurement) settings

· CSI measurement setting configures mapping/linkage between N CSI reporting and M RS settings

To support the modulation order coordination mechanism, NR should allow for an enhanced set of feedback measurements from the UE as compared to those available in LTE. The SINR of a certain UE would be largely impacted by whether it uses advanced receiver or not and also by the presence or absence of a strong interferer     gNB, the SINR of the dominant interferer, and the modulation scheme used by the dominant interferer. With NR, it would be preferable for the UE to provide CSI feedback corresponding to the IC benefits achieved from the UE’s advanced receivers (using the same CoMP multiple hypotheses framework), such as, the CSI corresponding to different modulation orders used by one or more dominant interferers. The flexible CSI framework in NR can be utilized to report the CSI feedback pertaining to the multiple interference hypotheses as illustrated in the Table 2 below.

	CSI Reporting Setting
	RS Setting
	CSI-IM setting (RS setting) pertaining to Strongest Interferer’s Modulation Order 
	CSI-IM setting (RS setting) pertaining to Second Strongest Interferer’s Modulation Order 

	0
	0
	Not QPSK
	Not QPSK

	1
	1
	QPSK
	Not QPSK

	2
	2
	Not QPSK
	QPSK

	3
	3
	QPSK
	QPSK


Table 2. Example mapping of CSI reporting setting to multiple interference hypotheses 
Proposal 3: RAN1 should consider enhanced CSI reporting to aid modulation order coordination mechanisms.
5
Conclusion
The contribution is concluded by summarizing our proposals: 

Proposal 1: Knowledge of UE capability can allow the gNB to coordinate the parameters of the transmission to yield larger system-wide benefits, NR should allow the UE receiver capability information to be available to the network. Such UE IC capabilities may be implicitly known by the network due to specific CSI computation support by that specific UEs.
Proposal 2: NR should support coordination of transmission parameters, such as, rank and modulation order across neighbouring cells.
Proposal 3: RAN1 should consider enhanced CSI reporting to aid modulation order coordination mechanisms.
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Appendix

Table A.1:  System level simulation assumptions
	Parameters
	Values 

	Deployment Scenario
	3GPP Case 1, ISD = 500m, Average of 10 UEs dropped randomly per cell

	Carrier frequency and bandwidth
	2 GHz, 10 MHz

	Scheduler
	FSS, SU-MIMO with Rank adaptation, Wideband Eigen-Beamforming (WB-EBF)

	Cooperation cluster
	Liquid Clusters
 

	Channel Model
	SCM UMa with 8 deg angle spread

	Antenna Configuration
	2Tx, closely spaced X-pol (+45/-45) antennas at gNB and 2Rx, X-pol (+0/+90) antennas at UE

	CSI Feedback
	3 CSI processes per UE

	CSI Feedback Period 
	Every 5 ms

	Interference Modeling
	Interference modeling in explicit (Beam formed and Frequency-Selective)

	Channel Estimation
	Ideal

	Traffic Model
	Full Buffer

	HO Margin
	3dB

	Backhaul
	Ideal


� Liquid Clusters is a flexible way of defining a cooperation cluster of cells which considers the set of cooperating cells from a given cell’s perspective. For example, for a given cell, one may define the cluster as the set of all neighbours that are strong interferers of some UE in that cell. The cluster of any one cell would in general be different from the cluster of every other cell, and the clusters of two cells may overlap.
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