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1 Introduction

The WI on NAICS [2] was approved in [1] containing following objective:
· (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
In this contribution, we continue the CSI enhancements discussion based on the observations captured in [3] in the RAN1 meeting number 76bis.
2 Discussion
The discussion in the RAN1 76bis meeting led to observations captured in RAN1 chairmans notes [3] as: 

“

· CSI enhancements for Rel-12 NAICS receiver should be further studied until RAN1 #77 meeting, focusing on the following options 

· Option 1: A single CSI feedback for NAICS

· Option 1-1: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation
· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH
· Option 1-2: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation and blind detection

· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH

· Option 1-3: CSI is derived without considering  Rel-12 NAICS functionality (e.g. CSI after MMSE-IRC)

· Option 2: Multiple CSI feedback for NAICS

· Each CSI is derived based on different interference hypothesis


Ex ) CSI1 is derived after canceling/suppressing interference. CSI2 is derived after MMSE-IRC
· Further study is needed on the interference hypothesis and blind detection feasibility at CSI calculation stage

“

based mainly on the draft way forward document [4].

The CSI feedback refers here to CQI that is effectively a quantized value of post-processing SINR reflecting channel quality after any receiver. With this definition an improved receiver design may also benefit the increased SINR level via link adaptation. The CQI index selection condition is [8]
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

In legacy single cell scenario this definition works fine. For CoMP, multiple CSI processes were defined in order to take into account the network side coordination for interference management. That is for example, muting a strong interferer at transmitter side. For NAICS with network side coordination and ideal backhaul, similar approach would work, which would mean that one CSI assumes the interferer is such that there are no NAICS gains available and one CSI assumes that there is a good candidate for NAICS processing. For example, a single layer transmission with QPSK modulation. Then, at network side, the CQI corresponding to the known scheduling decision could be applied. However, now that NAICS may assume nonideal backhaul, thight network coordination is not an implicit assumption. It requires further study to evaluate which CQI option has the best balance of complexity and performance.As nonideal backhaul means that at least per scheduling decision network coordination is not possible, even providing two CSIs may not save the system from CQI mismatch as the selected MCS might not coincide with the actual NAICS capability at the reception. Below we discuss the CSI options of [3]. 
Options 1-1 and 1-2

In order to perform NAICS CSI estimation that reflects the interference cancellation capability conditioned on exact interferer that happens to be scheduled at the selected interfering cell at the time of CQI evaluiation, a channel estimation from the interfering cells is needed. For that, there may be a need to coordinate for example CSI-RS configuration related parameters for the UE in order to avoid the need for UE to do blind estimation of those. The higher layer signalling of zero-power and non-zero-power CSI-RS was left for further study in the previous meeting in [7] for demodulation purposes. This signalling could also be beneficial for the CSI reporting as well. 
For IMR based CQI calculation, two options exist. It may be assumed that IMR would reflect the interference outside the serving and interfering cell. This would need further network coordination and UE would then add the contribution of remaining NAICS interference of that specific interferer of which the channel estimation is acquired through non-zero-power CSI-RS. Another approach is that the IMR would reflect only the interference outside the serving cell. In this case, UE would need to subtract any interference contribution from the interfering cell handled by the NAICS receiver. In both cases, interference estimation mismatch happens when cell load fluctuates. Note that this is the case of any CQI reporting in a non-fully loaded network.   
If NAICS receiver is to support CRS based TMs in the serving cell, CRS based CQI calculation would need to be supported. Since, the CRS parameters depend on the cell ID, no additional network coordination of parameters are needed simplifying the coordination aspect. On the other hand, colliding and non-colliding CRS between cells still has the problem that low cell load may not be well estimated with the colliding CRS as in the current system. 
After the channel and interference estimates are acquired, the UE needs to calculate the actual CSI report. The difference between options 1-1 and 1-2 is mainly what UE does at this phase. One approach applicable also for option 1-1 was proposed in [6] where CQI report is configured with an assumed number of layers and modulation order and UE would take into account this constraint while approximating the serving cell CQI. Another approach could be that UE just uses a scalar weight on the interferer representing how much interference of dominant interferer is taken into account. The network could even semi-statically signal the weight but this removes the UEs opportunity to add impact of different implementations into the CQI. Anyway, having only one report causes difficulty on deciding what the CQI should actually reflect, high NAICS gain by low interfering MCS assumption or an average one etc. Assuming only one CQI is fed back, one probably would just target on the average behaviour.
In the option 1-2 the UE attempts to blind detect interfering signal. This approach certainly requires network coordination if the target is that the CSI report reflects certain interference characteristics. This approach also has very large implementation impact because essentially the NAICS receiver would need to be run in the CSI reporting phase also. In general, the details of CSI estimation is UE implementation issue and the specification should not require UE performing any blind detection in CSI estimation.

Option 1-3

In this option, the CQI index is selected based on reception that does not assume any NAICS processing on an interferer. The method is simple in UE complexity perspective and this method also has benefits in the more than moderate velocities where the CSI feedback would be slightly outdated anyway. This option most likely also provides relatively good performance without network coordination.
Option 2:

In [6] option 2 related dual CSI feedback scheme was proposed. It is most likely that only two CSI reports fullfill the reporting needs. The largest NAICS gain can be observed if single layer QPSK transmission is assumed in the interfering cell. Hence, this condition could be captured in one report. Discussion on how UE estimates this CQI is essentially the same as for option 1-1 and 1-2 where for the more complicated CQI, UE would assume that the interferer is always single layer QPSK transmission and there would not be need to detect the actual interferer. The simplified option for this case also is the use of a scalar weight. the second CQI report may cover other cases being actually almost equal to the CSI report option 1-3 and could be replaced by that. The example of CSI reports from [6] is depicted in Table 1.
In the channel and interference estimation perspective, the same conditions as for the option 1-1 apply to option 2 as well.
Table 1. Example CSI report pair corresponding to different NAICS interference hypothesis.

	CSI report hypothesis index
	Assumed number of layers in interfering cell
	Assumed modulation in interfering cell
	Note

	1
	1
	QPSK
	NAICS report

	2
	1 or more
	1 layer: 16QAM or 64QAM
2 or more layers: any modulation
	Could equal legacy report


As a summary of the above discussion, comparison of different CSI reporting options is summarized in Table 2. The table is written mainly assuming that CSI-RS and IMR resources are available.
Table 2. Comparison of The CSI reporting schemes.

	
	Option 1-1
	Option 1-2
	Option 1-3
	Option 2

	Interfering cell channel estimation
	Required including coordination of CSI-RS configuration 
	Required including coordination of CSI-RS configuration
	no
	Required including coordination of CSI-RS configuration

	Interference estimation
	IMR outside serving and interfering cell
	Preferred in UE perspective  but requires network coordination
	Preferred in UE perspective  but requires network coordination
	-
	Preferred in UE perspective  but requires network coordination

	
	IMR outside serving cell
	Less preferred in UE perspective but does not require network coordination
	Less preferred in UE perspective but does not require network coordination
	As in current system
	Less preferred in UE perspective but does not require network coordination

	CQI estimation
	Hypothesis on modulation etc.
	possible
	
	-
	Possible, preferred

	
	UE blind detection of interference
	
	As in the proposed option
	
	possible

	Complexity impact
	
	high
	Very high
	no
	Very high or highest


Following obervations can be made from the above table and discussion:

Observation 1: Higher layer signalling of zero-power and non-zero-power CSI-RS configurations for the interfering cell is needed by other options than option 1-3.
Observation 2: CSI hypothesis of number of layers and modulation order can be applied in options 1-1 and 2.
Observation 3: Option 1-2 (UE blind detection) is not practical CSI option.
3 Simulations

The system level performance of the link adaptation was studied in NAICS Scenario 1 (homogenous network) [9]. A factor β is used to model NAICS cancellation at the receiver. The received power of dominant interferer is just reduced by factor β if the transmission has been allocated 1 layer. In other words, for complete ideal cancellation β=1 and additionally, factor = 0.7 is simulated. This is very coarse model but gives some rough idea on performance changes.

CSI feedback consists of a single CQI feedback for which two CQI options are compared. In the first case, the CQI is representing the CQI without NAICS cancellation as in Option 1-3. In the second case, the CQI is aware on the cancellation performance, that is, the strongest interferer is cancelled by factor β. This is equal to Option 1-1 where we have feedback of only one CQI. 
The simulations were conducted assuming outer loop link adaptation targeting 10 % first transmission error rate. Full buffer results are shown in Table 3. It can be observed that assuming perfectly operating receiver there is some gain from the NAICS CQI. On the other hand, when “NAICS receiver” does not cancel all interference, the system level performance benefit is quite limited. 

Table 3. System level throughputs with full buffer traffic.

	
	β
	CQI option 1-3
	CQI option 1-1

	5th percentile troughput
	1.0
	0.55
	0.59 (+ 7 %)

	Average throughput
	1.0
	2.33
	2.41 (+3 %)

	5th percentile troughput
	0.7
	0.52
	0.52 (+ 0 %)

	Average throughput
	0.7
	2.26
	2.28 (+ 1 %)


Table 4 depicts simulation results with finite buffer FTP traffic. The loading of the system leads to roughly 70 % resource usage. It can be observed that UE with NAICS aware CQI can achieve performance gain if NAICS receiver can cancel interference perfectly. If the NAICS interference cancellation is not perfect, the performance gain is very small. 

Table 4. System level throughputs with finite buffer traffic.

	
	β
	CQI option 1-3

	CQI option 1-1

(perfect CQI)

	5th percentile troughput
	1.0
	2.27
	2.71 (+ 19%)

	Average throughput
	1.0
	11.47
	13.02 (+ 14%)

	5th percentile troughput
	0.7
	1.66
	1.7 (+ 2%)

	Average throughput
	0.7
	9.62
	9.72 (+ 1%)


Observation 4: It can be observed from the system simulation results that assuming perfectly operating receiver for rank 1 interferer, there is some gain from a CQI that reflects the interference reduction.
4 Conclusion

The comparison of CSI reporting options captured in the previous meeting leads to following observations:
Observation 1: Higher layer signalling of zero-power and non-zero-power CSI-RS configurations for the interfering cell is needed by other options than option 1-3.
Observation 2: CSI hypothesis of number of layers and modulation order can be applied in options 1-1 and 2.

Observation 3: Option 1-2 (UE blind detection) is not practical CSI option.
Observation 4: It can be observed from the system simulation results that assuming perfectly operating receiver for rank 1 interferer, there is some gain from a CQI that reflects the interference reduction.
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6 Appendix A – Simulation assumptions

	Parameter
	Value

	Simulated scenario
	Homogeneous macro network (Scenario 1)

	Carrier frequency
	2.0 GHz for macro

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation for feedback
	Realistic CSI-RS

	Channel estimation for demodulation
	Realistic DM-RS

	UE feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 10 ms reporting interval

	Scheduler
	TD-PF/FD-PF

	Traffic model
	Full buffer, FTP model 1, packet size 1.0 Mbits

	Offered load
	12 Mbps/MCA

	Cell selection method
	RSRP

	RS overhead
	CRS: 2 CRS Rel´8 legacy overhead
DM-RS: 12RE/PRB 
CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel modelling
	Only overhead (3 OFDM symbols) modeled

	HARQ
	Max 4 retransmission, chase combining


