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1. Introduction

In RAN1 #77 meeting, there was discussion about CSI enhancement for NAICS receiver and the followings were made [1]: 
Conclusion:

· In RAN1 #78 meeting, all companies are encouraged to investigate only UE reporting behavior under the current CQI definition and possible clarification/modification if needed as CSI enhancement
Agreement:

· No RAN2 impact by NAICS CSI enhancement
In this contribution, we provide our preference on CSI enhancement and a possible CSI enhancement with system level simulation results to show the performance gain.
______________________________________________________________________
2. CQI definition
Reminding the discussion during RAN1 #77 meeting, there was an issue of whether CQI definition should be changed or not. Firstly, as shown in [2], it was suggested to handle CSI enhancement by UE implementation without any change to the current CQI definition which is given by:

CQI definition [36. TS 36.213]
· 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
On the other hand, it was also suggested not to introduce CSI enhancement considering UE complexity and hence there could be modifications to the current CQI definition [3]. To this end, there could be two options for CSI enhancement for NAICS as below:
Alt 1: No change to the CQI definition
· Note that UE would take into account NAICS gains into the CQI derivation depending on UE implementation.
Alt 2: Change to the CQI definition
· Specify that UE shall not take account of network assistance signaling for CQI derivation.
However, it should be noted that CQI derivation using network assistance signalling was already considered in Rel-11 FeICIC. In RAN4 #68 meeting, it was agreed that UE may perform interference estimation after CRS interference mitigation for ABS subframe in the case of colliding CRS [4]. It implies that UE may take account of CRS IC capability and related network assistance signaling when deriving CQI. In this context, it is natural for UE to use its best knowledge including any IC capability (e.g., CRS IC, PDSCH IC) and related network assistance signaling for CQI derivation. Otherwise, CQI definition can be modified inconsistently to exclude network assistance signalling for PDSHC IC while including network assistance for CRS IC. In our view, we cannot find strong motivation to make an inconsistent CQI definition and hence prefer Alt 1.
Proposal 1: 

Alt 1 is preferred for CSI enhancement for NAICS in Rel-12.
In the following section, we describe a possible CSI enhancement which reduces UE complexity on BD (blind detection) while harvesting NAICS gain.
3. CSI enhancement
In our last contribution [5], we discuss another way of enhanced CQI and observe a meaningful gain from using it. To be specific, calculating the enhanced CQI, the TM 10 UE removes the cancelable amount of dominant interference power from the measured interference at IMR, based on interference condition at the RB including IMR. Based on this SINR reflecting the IC effect, UE determines CQI. However, this method has difficulties for the UE to blindly detect interference conditions at CSI calculation stage. Even if blind detection for some interference conditions is feasible at demodulation stage, it is hard to expect the same level of BD performance at CSI calculation stage. That is because, at CSI calculation stage, the UE tries to blindly detect them under strong interference from its serving TP as described in Figure 1. 
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Figure 1. The difference of BD condition between CSI calculation stage and demodulation stage
In other words, at demodulation stage, UE can take advantage of its scheduling information that its DCI contains for better BD performance but it cannot when calculating CSI since it cannot access other UEs’ DCI that its serving TP transmits. Alternatively, it is possible that UE performs BD by only using IMR RE where the serving TP mutes, but it will degrade BD performance significantly due to lack of sample REs  for BD.
As a one way to reduce BD burden at CSI calculation stage, we consider that the UE determines CSI under a specific assumption of interference conditions rather than detecting them. For example, UE assumes a fixed modulation order of interference, regardless of actual modulation order, when calculating interference suppression factor to be used in CSI calculation. The evaluation result of this is captured in section 4.
4. Simulation results
In this section, further evaluation results were provided for SLIC with CSI enhancement in NAICS scenario 1. Compared to results in [5], finer feedback granularity (e.g., mode 3-1) was considered in the evaluation and the other simulation assumptions were same as in [5].
Here, we evaluate the performance of the following CSI feedback enhancements. 

· SLIC w/ CSI enhancement (Genie-aided mod. detection)
- All interference parameters at CSI feedback stage are given to a UE in a genie-aided manner.
- The UE determines CQI after IC
 based on the interference parameters.
· SLIC w/ CSI enhancement (Fixed mod)
- Interference parameters other than modulation order at CSI feedback stage are given to the UE in a genie-aided manner.

- When determining CSI, the UE assumes a fixed modulation order of interference, regardless of actual modulation order at CSI feedback stage. 

- The UE determines CQI after IC1 based on the interference parameters.
· SLIC w/ CSI enhancement (Clean CQI)
- The UE determines CQI including no interference from a dominant cell.

In Table 1, we present average UPT and 5%-tile UPT at RU of 40% and 60%. It can be shown that there is meaningful performance gain for both of average UPT and 5%-tile UPT from CSI enhancement when per subband CSI feedback (e.g., mode 3-1) is applied. 
Table 1. Evaluation results of SLIC in NAICS scenario 1

(a) RU 40%
	Receiver type
	RU
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)

	
	
	
	

	MMSE-IRC
	0.39
	1.9325
	0.3284

	
	
	0.0 %
	0.0 %

	SLIC w/o CSI enhancement
	0.39
	1.9528
	0.3425

	
	
	1.1 %
	4.3 %

	SLIC w/ CSI enhancement

(Genie-aided mod. detection)
	0.38
	1.9873
	0.3515

	
	
	2.8 %
	7.0 %

	SLIC w/ CSI enhancement

(Fixed mod., QPSK)
	0.38
	1.9960
	0.3524

	
	
	3.3 %
	7.3 %

	SLIC w/ CSI enhancement

(Fixed mod., 16QAM)
	0.38
	1.9861
	0.3530

	
	
	2.8 %
	7.5 %

	SLIC w/ CSI enhancement

(Fixed mod., 64QAM)
	0.38
	1.9835
	0.3451

	
	
	2.6 %
	5.1 %

	SLIC w/ CSI enhancement

(Clean CQI)
	0.38
	1.9881
	0.3448

	
	
	2.9 %
	5.0 %


(b) RU 60%
	Receiver type
	RU
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)

	
	
	
	

	MMSE-IRC
	0.61
	1.4241
	0.1662

	
	
	0.0 %
	0.0 %

	SLIC w/o CSI enhancement
	0.60
	1.4619
	0.1773

	
	
	2.7 %
	6.7 %

	SLIC w/ CSI enhancement

(Genie-aided mod. detection)
	0.59
	1.5098
	0.1907

	
	
	6.0 %
	14.7 %

	SLIC w/ CSI enhancement

(Fixed mod., QPSK)
	0.59
	1.5201
	0.1948

	
	
	6.7 %
	17.2 %

	SLIC w/ CSI enhancement

(Fixed mod., 16QAM)
	0.59
	1.5058
	0.1946

	
	
	5.7 %
	17.1 %

	SLIC w/ CSI enhancement

(Fixed mod., 64QAM)
	0.58
	1.4958
	0.1884

	
	
	5.0 %
	13.4 %

	SLIC w/ CSI enhancement

(Clean CQI)
	0.58
	1.5047
	0.1849

	
	
	5.7 %
	11.3 %


It should be noted that the gain from CSI enhancement can be achieved even though UE assumes fixed modulation for interference signal at CSI calculation. In our results, enhanced CQI with QPSK assumption shows higher performance gain than enhanced CQI with genie-aided modulation order detection at CSI feedback stage. One reason for this could be that interference modulation order changes at demodulation stage so that knowing exact modulation order at CSI feedback stage cannot always be ideal. Also, it is observed that enhanced CQI with QPSK assumption shows higher performance gain than enhanced CQI with 64QAM and clean CQI. This is mainly because assuming 64QAM interference and assuming perfect IC generate too conservative CQI and too aggressive CQI, respectively. 

Observation 1:

CSI enhancement can provide meaningful performance gain under the assumption of specific modulation order for interfering signal at CSI calculation stage instead of detecting it.
______________________________________________________________________
5. Conclusion
In this contribution, we discussed about CSI enhancement for NAICS. Based on the discussion and evaluation results, we have following proposal and observation.
Proposal 1:
Alt 1 is preferred for CSI enhancement for NAICS in Rel-12

Alt 1: No change to the CQI definition
· Note that UE would take into account NAICS gains into the CQI derivation depending on UE implementation.
Observation 1:

CSI enhancement can provide meaningful performance gain under the assumption of specific modulation order for interfering signal at CSI calculation stage instead of detecting it. 

______________________________________________________________________
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around
(57 cell IDs are planned.)

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE, 20% outdoor UE

	Traffic model
	FTP model 1, 0.5 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU -MIMO

	Channel quality report
	Feedback Mode 3-1 
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 2-tx codebook

	Antenna configuration
	2x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC / SLIC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal

	Outer-loop target FER
	10%


� Note that interference cancellation at CQI calculation stage is modeled in the same way as that at demodulation stage, i.e., the system-link modeling methodologies in [6] and use LUT in [7]
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