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1. Introduction
In RAN1 #76bis, there is no conclusion on whether/what CSI enhancement is needed for NAICS. Many companies preferred to continue the study. In general, all companies recognized that the following difficulties:
1) Accurate prediction of non-linear NAICS receiver, even under known interference condition
2) Modeling of interference parameter detection error in NAICS receivers
3) Change of interference condition due to dynamic scheduling decisions in the desired and interference cells, from the time CSI is measured/reported to the time a new PDSCH is sent

Possible CSI reports mentioned are:
· 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

In this contribution, we provide some further simulation results and analysis on the CSI issue, especially in terms of the effect of dynamic change of interference condition.  
2. Discussion 
Ambiguities in the current CQI definition?
The key idea for CQI requirement in LTE is that the UE provides the “best” CQI for a hypothetical PDSCH on a past subframe where the UE should reflect its receiver performance when processing the hypothetical PDSCH. There are a few specifics in the current CQI definition in section 7.2.3 of TS36.213:
1) CQI report at subframe-n (SF #n) correspond to a PDSCH transport block occupying the CSI reference resources
a. The CSI reference resource is in SF #n-4 (or the earliest valid downlink subframe no earlier than n-4), for periodic reporting
b. The CSI reference resources is in the same valid downlink subframe as the corresponding CSI request, for aperiodic reporting 
2) CQI derivation is based on an unrestricted observation interval in time and frequency, but the UE reports the highest CQI for a hypothetical PDSCH on the CSI reference resources with a corresponding predicted BLER not exceeding 0.1 
3) For TM1-8 and TM9 where pmi-RI-Report is not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n based on CRS. For TM9 with pmi-RI-Report configured by higher layers, the UE shall derive the channel measurements for computing the CQI value based on only CSI-RS. 
4) For TM10, the UE shall derive the channel and interference measurement for computing the CQI values based on only non-zero-power CSI-RS and only zero power CSI-RS within the configured CSI-IM resource associated with the CSI process, respectively.
There may be some ambiguities in terms of “interference measurement”. TM10 requires the channel and interference measurement to be based on only non-ZP CSI-RS and CSI-IMR, but for TM1-9 it is not stated clearly where the interference measurement could be based on. On the other hand, the “channel measurement” is based on CRS for TM1-8, or CSI-RS in TM9 when pmi-RI-Report is configured. Even when interference measurement is defined in TM10, it is not specified what the interference measurement is and how the measurement is used. However these aspects may be left to UE implementation as long as the UE provides the best CQI for a hypothetical PDSCH on the CSI reference resource where the UE should reflect its receiver performance during processing of the hypothetical PDSCH. 
Post-NAICS CQI 
Under the current CQI definition, the UE should assume NAICS is applied on the hypothetical PDSCH. “Interference measurement” as mentioned in the spec should include any necessary interference parameter detection and channel estimation. Interference detection and channel estimation uses interference cell DMRS, or interference CRS plus interference data REs in the interference PDSCH, with or without using the desired cell CRS/DMRS or PDSCH depending on the receiver algorithm.  
If the interference measurement is done based on an actual PDSCH, as required in NAICS, the UE could use the desired PDSCH. However, if CQI is for a hypothetical PDSCH which is currently occupied by another PDSCH intended for a different UE, the UE should not deem the current PDSCH as interference. Given the UE has no knowledge of the current PDSCH, it is very difficult for the UE to estimate the interference well. The UE may have to rely only on desired CRS (known signal) for interference detection/estimation (which may works only when CRS are not colliding, btu still the number of CRS is limited for good detection/estimation). A natural thing to do is to allow the CSI reference resource to be the actual PDSCH, and the UE can reuse the interference detection/estimation needed for actual PDSCH decoding any way. 
If post-NAICS CQI is provided by the UE, it makes sense to define
1) A valid and actual PDSCH as the CSI reference resource which can be the latest UE-detected PDSCH at or before SF #n-4
2) Interference measurement is derived from the actual PDSCH intended for the target UE. This will allow the UE to use known CRS/DMRS signals and the desired PDSCH to make interference channel estimation. 
3) Under the detected/estimated interference, the UE derives and feeds back the highest CQI for that actual PDSCH with BLER of less than 0.1 under NAICS processing
The well-known challenges for CQI report for post-NAICS CSI are:
1) Performance prediction error of non-linear NAICS receivers, even under known interference condition
The NAICS receiver performance depends on the number of interference data streams, their channels in terms of separability from the desired channel, and their MCS. UE should report the best CQI under the specific interference condition experience at the previous PDSCH.
2) Modeling of interference parameter detection error in NAICS receivers
NAICS receiver will have detection error on interference parameters, in which case it is up to implementation on how to deal with possible error, including fall back to MMSE-IRC if the UE believes the detection is not reliable enough to apply SLIC or RML. Therefore the actual post-NAICS performance could be in between that of MMSE-IRC and SLIC/RML, or even worse than that of MMSE-IRC if a detection error is undetected.   
3) If there is no PDSCH allocation, there is no post-NAICS CQI 
IRC-based CQI 
 It can be defined as
1) Interference measurement is derived from only CRS for TM1-9 and  CSI-IMR in TM10
2) Assuming MMSE-IRC processing, the UE derives, based on estimated interference covariance matrix, the highest CQI for a hypothetical PDSCH on the CSI reference resources

CQI mismatch due to dynamic interference change 
Even when accurate CQI can be derived at the UE, interference condition can change significantly due to dynamic scheduling decisions in the desired and interference cells, from the time CSI is measured/reported to the time a new PDSCH is sent using the reported CQI. The above problem is particularly challenging because the CQI mismatch due to independent schedulers can nullify any effort for UE to derive an accurate CQI for NAICS. Therefore, it will affect how CQI should be defined under NAICS. We will use some simulation to study this effect, in particular we will investigate:

1) Distribution of IRC-based and post-NAICS CQI, if computed on the same subframe
2) Mismatch of applied MCS, after performing OLLA on top of either post-IRC and post-NAICS CQI, to a “genie” CQI that can be actually supported at the schedule subframe.
3. Simulation Results
In this contribution we present our simulation results to see how different CSI prediction approaches at the receiver affect the system performance, especially for the case of RML receiver. We assume for post-NAICS CQI that the transmission parameters, including PMI/RI, MOD, and TM are detected correctly for CSI computing. The UE derives the highest CQI based on the learned interference condition. RML type of NAICS receiver processing is applied only for the following two cases for simplicity (note that we just try to focus on understanding of the CQI mismatch caused by scheduling delay): 
(1) Rank-2 SU-MIMO;
(2) Desired signal is rank-1 and the strongest “ON” interference signal could be either rank-1 or rank-2. 
For the rest of interference that is not explicitly cancelled or joint processed, the UE will try to suppress them in linear processing (i.e., same as MMSE-IRC). R-ML performance abstraction is based on the methods proposed in [1] and [2]. CQI prediction under R-ML is based on the idea of reporting the highest two CQIs but results in 10% or lower predicted BLER. Outer-loop link adaptation is applied. (Target 1st BLER for OLLA is 10%, and step size is 0.25 for NACK). Other simulation assumptions are listed in the table below.
	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: XP; 2 Tx antennas
UE: XP; 2 Rx antennas

	Deployment scenario
	Homogeneous network with ITU UMa

	UE inddor/outdoor distribution
	80% indoor 

	Traffic model
	FTP traffic model

	UE moving speed
	3 km/h

	MIMO scheme
	SU-MIMO 

	Scheduling algorithm
	Proportional fair

	Control delay (scheduling, AMC)
	5 ms

	HARQ 
	IR

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1

	Channel estimation
	Non-ideal

	IRC receiver covariance estimation
	Non-ideal covariance matrix modeled by Wishart distribution

	TM of PDSCH 
	TM9/10 

	Overhead of RS and PDCCH
	PDCCH (3 symbols per subframe)
DM-RS (12 REs per PRB)

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs


Here we compare the system performance under R-ML receiver but with two CSI feedback mechanisms: CQI as predicted by a MMSE-IRC receiver and CQI as predicted for a RML receiver. 
We focused on two cases: (1) full-buffer traffic and (2) the same packet arrival rate that leads to RU=40% assuming MMSE-IRC receiver is used. The full-buffer case is expected to result in more stable interference condition.
Distribution of IRC-based and post-NAICS CQI
Figure 1 shows the distribution of [image: image2.png]CQlyarcs and CQlypse



. The mean and standard deviation for CQINAICS are 10.38 and 3.40. The mean and standard deviation for CQIMMSE are 10.33 and 3.33.  
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Figure 1 Distribution of CQINAICS and CQIMMSE (FTP traffic) 
Observations:
1) Larger mean was observed for post-NAICS CQI.
2) Larger variance was also observed for post-NAICS CQI. This is mainly due to the fact that post-NAICS performance is more sensitive to the interference condition and the spatial channel than MMSE-IRC performance, even under the same interference condition.
Mismatch of applied MCS to genie MCS
Next we investigate the mismatch of applied MCS to a “genie” MCS. Here “genie” MCS is the best MCS that the RML receiver can support at the schedule subframe. Two cases of link adaptation are studied: (1) OLLA applied on IRC-based CQI (2) OLLA applied on post-NAICS CQI. Figure 2 shows the distribution of MCS mismatch for these two cases. Note that the applied MCS is the actual MCS that the scheduler actually determined based on CQI feedback and OLLA.
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Figure 2 Distribution for MCS mismatch (FTP traffic)
Observations:
1) A positive delta means the applied MCS is higher than the MCS that can be supported. NACK is likely to occur in this case which is typically due to over-estimated CQI. When overestimation happens in either case, OLLA is expected to be quickly lowering the applied MCS. That is why we are seeing almost the same distribution at the positive delta, regardless if IRC-based or post-NAICS CQI is reported. 
2) A negative delta corresponds to the cases that applied MCS is lower than actually-supportable. It is found that the cause is also overestimated CQI which makes the OLLA to overly compensate for the consecutive NACKs received. We can see a significant rate of occurrence in both cases with slightly more occurrence under post-NAICS CQI feedback. 

3) Note the “over-estimation” of CQI is not necessarily caused by the aggressive CQI prediction. It is just that CQI at a previous PDSCH may end up being better than the CQI supportable at the actually scheduled PDSCH, due to change of interference condition for example. Only if eNB has some predictability of interference, it is hard to know if the post-NAICS used is too optimistic or not. 
Throughput performance
Only the relative performance is reported here for two different CQI reporting methods. 
	CSI feedback type
	Ave. cell throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	IRC-based CSI
	1.94
	-
	0.0498
	-

	Post-NAICS CSI
	1.86
	-4.1%
	0.0459
	-7.8%


Table 1 Performance under full-buffer-traffic (10 users per cell)
	CSI feedback type
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	IRC-based CSI
	2.079
	-
	0.427
	-

	Post-NAICS CSI
	1.948
	-6.3%
	0.435
	+1.8%


Table 1 Performance under FTP traffic (RU~=40%)
Observations:
1) From the results above, around 4~6% performance degradation is observed for post-NAICS CQI. It seems the mismatch of CQI is the main cause as explained above. 
2) Performance with post-NAICS CQI is still worse even under the full-buffer scenario which is expected to generate more stable interference. The possible explanation is that the interference still varies very dynamically even though the average power is more stable. Hence the OLLA based on post-NAICS CQI can still have difficulty in tracking the CQI.
Based on the study so far, we think it is not useful to make the feedback very accurate unless the interference is well controlled. Multiple CSI feedback may be also not useful for the same reason if eNB does not know the change/stability of interference condition. Thus we think option 1-3 is the best strategy for CSI report.
Proposal:
Support Option 1-3 for CSI report in Rel-12, i.e., to clarify in TS36.213 that CQI is derived without considering Rel-12 NAICS functionality.
4.  Conclusion
In this contribution, we provide some further simulation results and analysis on the CSI issue, especially in terms of the effect of dynamic change of interference condition.  We suspected that CQI mismatch due to independent schedulers can nullify any effort for UE to derive an accurate CQI for NAICS. Therefore, we investigated:

1) Distribution of IRC-based and post-NAICS CQI, if computed on the same subframe
2) Mismatch of applied MCS, after performing OLLA on top of either post-IRC or post-NAICS CQI, to a “genie” CQI that can be actually supported at the schedule subframe.
We observed that

1) Larger CQI mean and variance for post-NAICS CQI, mainly due to the fact that post-NAICS performance is more sensitive to the interference condition and the spatial channel than MMSE-IRC performance, even under the same interference condition.
2) “Over-estimation” of CQI is not necessarily caused by the aggressive CQI prediction. It is just that CQI at a previous PDSCH may end up being better than the CQI supportable at the actually scheduled PDSCH, due to change of interference condition for example. “Overestimated” CQI can make the OLLA to overly compensate for the consecutive NACKs received. We saw a significant rate of occurrence in both cases with slightly more occurrence under post-NAICS CQI feedback.
Based on the study so far, we think it is not useful to make the feedback very accurate unless the interference is well controlled. Only if eNB has some predictability of interference, it is hard to know if the post-NAICS used is too optimistic or not.
Proposal:
Support Option 1-3 for CSI report in Rel-12, i.e., to clarify in TS36.213 that CQI is derived without considering Rel-12 NAICS functionality.
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