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1. Introduction

In [1], RAN4 confirms the working assumption that the scope of Rel-12 NAICS is to limit total layers (serving + interfering) up to 3 and one PDSCH. It means Rel-12 NAICS UE is capable of canceling or suppressing interference from a single interferer at a time. Note that the interferer can be a cell or a TP sharing the same cell ID with other TPs, depending on deployment scenarios. 
A further question regarding this is whether the UE is able to dynamically select the single interferer among multiple candidate interferers. If the answer is yes, the following questions are how many candidate interferers the UE can have and the subset size of VCID and nSCID combinations for which the UE conduct BD. In this contribution, we answer the questions. Additionally, we share our view on NAICS UE capability in CA scenario.
______________________________________________________________________
2. Discussion
Question 1: is it beneficial that the UE is able to dynamically select the single interferer to cancel among multiple candidate interferers?
We view it is beneficial and it should be supported for Rel-12 NAICS given that the strongest interferer changes dynamically. Since TPs probably have irregular DL data traffic in practice, there is a possibility that neighbor TP, which is very close to NAICS UE, has no DL traffic and does not cause any interference to the UE at all. In this case, if the UE can select one of other neighbor TPs giving strong interference and cancel it, the better throughput is achieved than canceling nothing. The need to consider multiple candidate interferers is described in section 2.2 in [2] as well. 

For evaluation, we conduct system level simulation and show NAICS gain according to the number of candidate interferers. When the number of NAICS candidate cell is one, the UE cannot dynamically select interferer and can cancel PDSCH from a single interferer for which NA information is given. On the other hand, if the number of NAICS candidate cells is three, then UE receives NA information for up to three neighbour interferers and performs PDSCH IC for the strongest interference when any of those TPs has DL data traffic. As a result, as the number of NAICS candidate cells increases, NAICS UE is more likely to perform PDSCH IC. Note that in all cases we assume CRS-IC for two interfering cells. Details of simulation parameters and assumptions are described in Appendix A.
We observe that the system level gain increases when UE is able to dynamically select the single interferer to cancel among multiple candidate interferers. To be specific, it is observed that allowing 3 candidate cells achieves 6% more cell edge throughput than a single cell case.

Table 1. Evaluation results of SLIC in NAICS scenario 1(RU 60%)
	Receiver type

(# of candidate cells for NAICS)
	RU
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)

	
	
	
	

	MMSE-IRC
	0.59
	1.4431 
	0.1474 

	
	
	0.0 %
	0.0 %

	SLIC

(1 cell)
	0.56
	1.5123 
	0.1665 

	
	
	4.8 %
	13.0 %

	SLIC

(3 cells)
	0.56
	1.5211 
	0.1755 

	
	
	5.4 %
	19.1 %


Proposal 1: Rel-12 NAICS UE should be able to dynamically select the single interferer to cancel among multiple candidate interferers.
Question 2: how many candidate interferers the UE can have?
It is obvious that the more candidate interferers NAICS UE have the more throughputs the UE can achieve. However, as candidate interferers increases, UE BD feasibility, i.e. BD performance and complexity, is less likely to be guaranteed. For example, if the number of candidate interferers is N, the UE tries N times BD for interference existence in worst case where all candidate interferers are muting. It may lead to increasing UE complexity especially in case of CRS based interference. Also the UE tries N times BD for VCID, resulting in more false detection and higher complexity. Therefore, the key to answering this question is to find an optimal number considering the trade-off between NAICS gain and BD feasibility.
Figure 1 and 2 show the distribution of UEs that have at least one neighbour TP within certain RSRP difference from a serving TP. Details of simulation parameters and assumptions are described in Appendix A. It is observed that the majority of UEs report one or two neighbour TPs satisfying the RSRP gap and that UEs having 4 neighbour TPs account for about 5% or less. Based on this observation, we believe even if NA information for more than 3 interferers is provided it hardly leads to NAICS performance gain but just grows UE complexity and worsens BD performance. 
[image: image1.wmf]0

5

10

15

20

25

30

35

40

45

50

1

2

3

4

5

6

7

8

9

U

E

 

p

e

n

c

e

n

t

a

g

e

 

[

%

]

# of neighbor cells within 10dB of RSRP diff.

       [image: image2.wmf]0

5

10

15

20

25

30

35

40

45

50

1

2

3

4

5

6

7

8

9

U

E

 

p

e

n

c

e

n

t

a

g

e

 

[

%

]

# of neighbor cells within 6dB of RSRP diff.


Figure 1. # of neighbour TPs within 6/10dB RSRP gap in NAICS SCN 1
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Figure 2. # of neighbour TPs within 6/10dB RSRP gap in NAICS SCN 2

Taking into account the observation from Figure 1 and 2, the evaluation result captured in Table 1 and BD feasibility, it seems desirable that the UE can consider maximum 2 or 3 interferers as NAICS candidate and the network provides NA information for up to 3 interferers to the UE. RAN 4 can finally decide the value taking into account RAN1 guidance. From the signaling perspective, interference parameters corresponding to 2 or more interferers can be provided to the UE, considering UE mobility.
Proposal 2: the maximum number of candidate interferes that Rel-12 NAICS UE is able to have should be 2 or 3.

Question 3: what is the maximum number of VCID+nSCID combinations for which the UE conducts BD?
According to the agreement in the last meeting, maximum subset size of combination of virtual cell ID and nSCID is to be determined in the range from 6 to 12. Also, during the meeting and email discussion, it was clarified that the maximum subset size is meant to be total number, not per cell or per TP. With this agreement in mind, the maximum number should be determined.
As we have discussed in the email discussion [77-21], the answer to the question 3 depends on the number of candidate interferers and the number of VCID+nSCID combinations per interferer. In our view, two VCID+nSCID combinations per TP is enough for MU-MIMO and DPS operation and each combination needs to be unique for enabling NAICS QCL signaling [3]. Even though it leads to limiting the network operation of 3 TP CoMP, the limitation doesn’t seem critical to achieving CoMP gain since 2 TP CoMP is still available. 
Considering maximum 2 or 3 candidate interferers the UE can have and two VCID+nSCID combinations per TP, we propose that the maximum number of VCID+nSCID combinations the UE conducts BD is 4 or 6. RAN 4 can finally decide the value taking into account RAN1 guidance. Also, from the signaling perspective, the maximum number of VCID+nSCID combinations that can be provided to the UE can be 6 or more.
Proposal 3: the maximum number of VCID+nSCID combinations for which Rel-12 NAICS UE conducts BD should be 4 or 6.

Question 4: NAICS UE capability in combination of NAICS and CA
NAICS UE complexity and subset restriction on interference parameters to reduce it have been discussed under non CA environment. Therefore, it is hard to expect that Rel-12 NAICS UE is able to cancel or suppress PDSCH in both Pcell and Scell at the same time because in this case UE complexity may double. For this reason, it is desirable to allow the UE to report NAICS capability for only one of carrier components so that the UE conducts NAICS in one cell, but not in the other cell. 
Proposal 4: Rel-12 NAICS UE should be able to report NAICS capability for only one of carrier components so that the UE conducts NAICS in one cell, but not in the other cell.

______________________________________________________________________
3. Conclusion
In this contribution, we mainly discussed the number of candidate interferers that NAICS UE have and the subset size of VCID+nSCID combination. Also, NAICS UE capability in CA scenario considering the combination of NAICS and CA is discussed. 
Proposal 1: Rel-12 NAICS UE should be able to dynamically select the single interferer to cancel among multiple candidate interferers.

Proposal 2: the maximum number of candidate interferes that Rel-12 NAICS UE is able to have should be 2 or 3.

Proposal 3: the maximum number of VCID+nSCID combinations for which Rel-12 NAICS UE conducts BD should be 4 or 6.

Proposal 4: Rel-12 NAICS UE should be able to report NAICS capability for only one of carrier components so that the UE conducts NAICS in one cell, but not in the other cell.

______________________________________________________________________
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Appendix A: Simulation parameters and assumptions

	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around

	System frequency
	2 GHz carrier, 10 MHz bandwidth

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

	Small cells per sector
	4 small cells sparsely distributed (Only for NAICS SCN2)

	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
	Mode 1-1: Wideband PMI per 50 RBs, Wideband CQI per 50 RBs
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)

	CRE
	0 dB

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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