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1 Introduction

In RAN4#71 meeting it was agreed in RAN4 to keep studying the following scenario for NAICS WI [1].

· RAN4 is continuing to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest:

· ZP and NZP CSI-RS configuration
· PDSCH starting OFDM symbol

· This signalling does not imply any restriction at the eNodeB
· QCL information if interference is TM10
· RAN4 is continuing to study the joint blind detection feasibility for the following scenarios: 
· Mixed TM scenarios. 

· Non-colliding CRS pattern for the dominant interferer

· Randomized interference model

· 4 CRS APs for CRS-based TMs

In the context of ZP/NZP CSI-RS configuration,  in case of TM4/TM9 (serving/interfering cell) TMs, it has been shown in [2] that by ignoring the neighboring cell CSI-RS the joint blind detection of dynamic pamameters can still achieve as good gain as the genie case. However, as discussed in [3] for TM2 and TM3 transmission when  CSI-RS is present in PDSCH of the neighboring cell the precoders applied to certain REs will have phase shift which will introduce an ambiguity in case of precoder blind detection. It exists for both 2 and 4 CRS AP and can have a bigger impact for 4 CRS AP since more REs are involved for TM2 transmission and longer precoder cycling periodicity for TM3..
In this contribution we provide simulation results for both TM2 and TM3 with 2 and 4 CRS AP in order to study the impact of CSI-RS present in neighboring cell to NAICS gain with proposals.

2 Simulation assumption and results
With the following simulation a relatively aggressive CoMP configuration is considered as following
· 3 TPs Per Cluster, 4 port CSI-RS
· 10 CSI-RS resources used per TP:
· 7 IMRs used to allow for all combinations of TPs
· 1 NZP CSI-RS
· 2 ZP CSI-RS to protect other TPs’ NZP CSI-RS
· Baseline CSI-RS Periodicity = 5ms; 
· 4 subframes contain CSI-RS
· CSI-RS not used in subframe 0
· All UEs served by a TP have the same NZP and IMR configurations.
· Baseline CSI-RS Overhead (4REs/CSI-RS) *(7 CSI-RS per UE)/5 subframes / 116 REs ~=4.8% with CFI=3
· In all simulations in this contribution the CRS-IC is assumed based on the agreement in [7] that CRS-IC should be taken as one of the NAICS functionalities.
2.1 TM2, 2 CRS AP
For 2 CRS AP the following CSI-RS shown in Table 1 are used. CSI-RS configurations and CSI-RS subframe configurations (Icsi-rs) [4] are given.  Cells with ‘NZP’ indicate a non-zero power CSI-RS with the corresponding CSI-RS configuration and Icsi-rs, while ‘IMR’ indicates a zero power CSI-RS is used (that could be used as an interference measurement resource).  TP 1 corresponds to the serving TP, while TPs 2 and 3 correspond to the the first and second interferers, respectively.    
	
	Icsi-rs
	1
	2
	3
	4

	
	CSI-RS Config
	
	
	
	

	TP1
	0
	NZP1
	NZP2
	
	

	
	3
	NZP3
	IMR1
	
	IMR5

	
	8
	IMR4
	
	IMR3
	

	TP2
	0
	NZP1
	NZP2
	
	

	
	3
	NZP3
	IMR1
	IMR2
	

	
	8
	IMR4
	
	
	IMR6

	TP3
	0
	NZP1
	NZP2
	
	

	
	3
	NZP3
	IMR1
	IMR2
	

	
	8
	
	IMR7
	IMR3
	


Table 1: CSI-RS configuration for TM2 with 2 CRS AP

In the rest of the paper the following notation is used for CRS APs, MCS and RI: ‘A’= [x,y,z] means that parameter ‘A’ takes value ‘x’ for the serving cell, ‘y’ for the first interferer and ‘z’ for the second interferer. 
Figure 1 shows the throughput results for SLIC using TM2 with CRS AP=[2,2,2], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 . 
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Figure 1 TP for SLIC TM= [2 2 2] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1] for TM2 2 CRS AP
Figure 1 is set up where the serving cell is configured as TP1 and two neighboring cells are configured as TP2 and TP3. The baseline is run without any CSI-RS on the neighbor cell but the CSI-RS config on the serving cell is kept as it is, and the curve with “CSI-RS” legend is run with the CSI-RS configuration on the neighboring cells. No signaling is used for the neighboring cell configuration, so the UE will just blindly assume that there is no CSI-RS at all, which will lead to SFBC pairing issues as well as cancellation of ZP CSI-RSes as if it was PDSCH.
There is a small loss observed due to the SFBC pairing issues and that serving cell PDSCH REs are interfered by neighboring cell CSI-RS which are not correctly cancelled but gains can be achieved by SLIC receiver with joint blind detection.
Observation 1: Very small loss with CSI-RS ignorance comparing to the genie case for TM2 with 2 CRS AP, even with the heavy 4 port CSI-RS configuration tested.
2.2 TM2 with 4 CRS AP
For 4 CRS AP the following CSI-RS shown in Table 2 are used. 
	
	Icsi-rs
	6
	8
	9
	11
	13

	
	CSI-RS Config
	
	
	
	
	

	TP1
	3
	NZP1
	NZP2
	
	IMR4
	IMR5

	
	8
	NZP3
	IMR1
	
	IMR3
	

	TP2
	3
	NZP1
	NZP2
	IMR2
	IMR4
	

	
	8
	NZP3
	IMR1
	
	
	IMR6

	TP3
	3
	NZP1
	NZP2
	IMR2
	
	

	
	8
	NZP3
	IMR1
	IMR7
	IMR3
	


Table 2: CSI-RS configuration for TM2 with 4 CRS AP
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Figure 2 TP for SLIC TM= [2 2 2] CRS= [4 4 4] MCS= [5 5 5] RI= [1 1 1] for TM2 with 4 CRS AP
Figure 2 shows the TP results for SLIC based on TM2 with CRS AP= [4,4,4], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1. 

Figure 2 is set up where the serving cell is configured as TP1 and two neighboring cells are configured as TP2 and TP3. The IRC baseline is again run without any CSI-RS on the neigbor cell but the CSI-RS config on the serving cell is kept as it is but removes CSI-RS completely from the neighboring cells.
In Figure 2 it can be seen that the IRC for the neighboring cell CSI-RS case (red line) is better than the blue line (without neighboring cell CSI-RS) and this is due to the amount of IMR/ZP CSI-RS creates less interference than the fully PDSCH-allocated case. However for 4 CRS AP it’s possible to further impove the performance by more advanced blind detection with the possibility to detect the shift, so these results are pessimistic.
Observation 2: Very small loss with CSI-RS ignorance comparing to the genie case for TM2 with 4 CRS AP, even with the heavy 4 port CSI-RS configuration tested.
2.3 TM3 with 2 CRS AP

Figure 3 and Figure 4 show the throughput results for SLIC based on TM= [4,3,4], CRS AP= [2,2,2], MCS= [5,5,5], RI= [1,1,1], RU=40%, 5-25% geometry level, Scenario 1. Figure 3 is with I1/No@50%tile and Figure 4 is with I1/No@80%tile. 
The strongest interfering cell uses TM3 and the CSI-RS configuration 2 and 18 configured, which is in every other subframe. The genie case uses no CSI-RS for the neighboring cells.It can be seen the RE shifting is not a problem with 2 CRS AP for TM3. The loss with CSI-RS is negligible, mostly due to the CSI-RS REs being cancelled as if they were taken as PDSCH.
Observation 3: No performance loss with CSI-RS ignorance comparing to the genie case for TM3 with 2 CRS AP.
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Figure 3 TP for SLIC TM= [2 2 2] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1] I1/No@50%tile
[image: image4.png]Throughput [Mbps]

14

1.2

e
®

14
@

S
=

S
N

SLIC TM=[4 3 4], #CRS=[2 2 2], MC$=[5 5 5], RI=[121]
1/Noc=13.91dB, [2/Noc=3.34dB

—=—IRC

- —=— SLIC 1 RB detect
—+—IRCCSIRS :
—+— SLIC CSIRS, 1 RBdetect |

5 10 15 20
SNR [dB]




Figure 4 TP for SLIC TM= [2 2 2] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1] I1/No@80%tile

For TM3 with 4 CRS AP, on one hand is it’s not likely to be configured with heavy CSI-RS usage, on the other hand higher rank like rank 2 for TM3 has less NAICS gain as observed generally in [5], so it can be concluded that 4 CRS port TM3 may not be the most essential TM configuration for NAICS.
Observation 4: TM3 with 4 CRS AP may not be the typical deployment scenario for NAICS.

With the all the observations made we propose the following. 
Proposal 1: No need for HL signaling on ZP CSI-RS and NZP CSI-RS configurations.

Proposal 2: CSI-RS ignorance could be used in joint blind detection with good NAICS gain for TM2 and TM3 under aggressive CoMP configuration with heavy CSI-RS configurations for 2 and 4 CRS AP.

Also with the analysis in [6] 4 CRS AP should be supported in NAICS WI in Rel-12.

Proposal 3: 4 CRS APs with NAICS functionality should be considered in NAICS WI in the context of Rel-12 with the goal to define the performance requirement.

3 Conclusions

In this contribution we provide the simulation results for NAICS with 4 CRS AP and mixed 2 CRS AP and 4 CRS AP demodulation tests together with observations and proposals. Our observations and proposals are summarized below.

Observation 1: Very small loss with CSI-RS ignorance comparing to the genie case for TM2 with 2 CRS AP, even with the heavy 4 port CSI-RS configuration tested.
Observation 2: Very small loss with CSI-RS ignorance comparing to the genie case for TM2 with 4 CRS AP, even with the heavy 4 port CSI-RS configuration tested.
Observation 3: No performance loss with CSI-RS ignorance comparing to the genie case for TM3 with 2 CRS AP.

Observation 4: TM3 with 4 CRS AP may not be the typical deployment scenario for NAICS.

Proposal 1: No need for HL signaling on ZP CSI-RS and NZP CSI-RS configurations.

Proposal 2: CSI-RS ignorance could be used in joint blind detection with good NAICS gain for TM2 and TM3 under aggressive CoMP configuration with heavy CSI-RS configurations for 2 and 4 CRS AP.
Proposal 3: 4 CRS APs with NAICS functionality should be considered in NAICS WI in the context of Rel-12 with the goal to define the performance requirement.
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