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1	Introduction
In 3GPP RAN4 #71meeting, RAN4 identified and agreed on a set of semi-static parameters which is beneficial in terms of complexity and performance if HL signaling is provided, as listed below[1]. Furthermore, they are also endorsed by RAN1 as part of NAICS HL signaling later in RAN1 #77 meeting.
· Cell ID, PB
· CRS ports, i.e., 1, 2, and 4
· MBSFN pattern
· Restricted subset of combination of virtual cell ID and nSCID for TM10 (maximum subset size is 6 to 12 while the exact number is FFS)
· Restricted subset of PA (3 as baseline or 4)
Meanwhile, RAN4 also agreed to continue to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest.
· QCL information if interference is TM10
· ZP and NZP CSI-RS configuration
· Maximum subset size of VCID and nSCID combination.
· TDD UL/DL configuration of interfering cells
· PDSCH starting position
· Subset size of PA
In this contribution, we present our analysis and evaluation result for TM10 related signaling, as highlighted above.
2 QCL information for TM10 interference
As well known, NAICS receiver (e.g. R-ML receiver) is sensitive to channel estimation accuracy of both serving cell and interference cell. In practical network operation, because of the transmitter synchronization error and propagation delay, UE will experience different timing offset and frequency offset from serving cell and interference cell. Typically, UE will perform timing and frequency synchronization on serving cell. To guarantee the accurate channel estimation, UE is expected to perform the phase offset compensation for interference cell, which is similar as the discussion in Rel-11 CoMP WI.
To perform phase offset compensation, UE need to perform the timing offset and frequency offset between serving cell and jointly detect interference cell. Typically, the offset estimation is performed based on the reference signaling, e.g. CRS signals, CSI-RS signals, or DMRS signals.
For TM1-TM9 interference, all RS signals and the PDSCH transmission can be treated as quasi-collocated from UE perspective. Thus, typically the timing offset and frequency offset can be performed based on CRS because of the relative high density in both time and frequency domain.
However, TM10 PDSCH interference is no longer quasi-collocated with a known CRS signals. Thus, UE need to perform,
· Option 1: if TP specific QCL information is provided to UE, TO can be performed based on CSI-RS signals and FO can be performed based on CRS signals
· Option 2: if TP specific QCL information is NOT provided to UE, FO and TO can be performed based on DMRS only.
First of all, it is noted that CRS based TO/FO estimation and CSI-RS based TO estimation has been implemented by Rel-11. However, for DMRS based TO/FO estimation, it has not been required to be implemented even for TM10 capable UE. Furthermore, FO/TO estimation is need to be performed after each DMRS-IC channel estimation iteration in one TTI to avoid disastrous performance loss. Therefore, if QCL information is not provided, UE is required to implement additional DMRS based TO/FO estimation module, which increase UE complexity again on top of already high NAICS complexity.
Observation 1: DMRS based FO/TO estimation will introduce non-neglecable UE implementation complexity even for TM10 capable UE.

Secondly, the performance of Option 1 (CRS/CSI-RS based FO/TO estimation) is expected to be much robust Option 2 (DMRS based FO/TO estimation), which has been extensively studied in Rel-11 CoMP study. Especially, for NAICS receiver, the DMRS channel estimation need to be performed per-PRB pair based without HL indication, which may significantly impact the FO/TO estimation performance. To confirm this conclusion, we perform the similar evaluation for R-ML receiver too.
As shown in Table 1, 3 scenarios are analyzed. And, TO and FO is set to 2us and 200Hz correspondingly which is the agreed value for Rel-11 TM10 evaluation. Detailed assumptions are listed in Annex A.
Table 2 summarized the simulation results. Detailed results are listed in Annex B. Based on the results, it can be observed that 
· Option 1 (CRS/CSI-RS based FO/TO estimation) provides the similar performance as reference scheme (CRS based FO/TO estimation). Performance loss is less than 0.2dB for most cases. 
It is highlighted that the minimum system bandwidth case (1.4Mhz) is evaluated. In a practical network with e.g. 5Mhz~20Mhz bandwidth, the performance is expected to be even better.
· Option 2 (DMRS based FO/TO estimation) provides the significant performance loss compared with reference scheme (CRS based FO/TO estimation) and also option 1. Around 1.0dB performance loss is observed for several cases, and the performance loss is up to 2.0dB in certain case.
It is highlighted that the FO/TO estimation is always performed after each DMRS-IC channel estimation iteration. Otherwise, additional loss (up to 2.0dB) can be observed if FO/TO estimation is only performed once per TTI.
Overall, the evaluation results confirmed RAN1/4 Rel-11 conclusion once again.
Finally, it is worth to note that in our evaluation above, the consecutive DMRS PDSCH allocation in interference cell is assumed. However, in practical network operation, it is very unlikely that interference cell perform DMRS transmission for all TTIs. Therefore, in worst case, UE may need to perform TO/FO estimation based on one single DMRS transmission if QCL information is not provided, which will leads to additional performance loss obviously.
Therefore, it comes our 2nd observation:
[bookmark: _Ref387157579]Observation 2: DMRS based FO/TO estimation is not reliable under Rel-11 network deployment assumptions, e.g. the performance loss can be up to 2.0dB in certain case. Meanwhile, CRS/CSI-RS based FO/TO estimation is more reliable. It confirmed RAN1/4 Rel-11 conclusion once again.

Based on the analysis above, it is concluded that
Proposal 1: QCL information for TM10 interference and the associated TP specific CSI-RS information is found as beneficial in complexity and performance if RAN1 defines the HL signaling.
Table 1. Time/frequency offset impact analysis scenarios
	Scenario
	Time/frequency offsets
	Time/frequency offsets estimation/compensation

	Reference
	200Hz, 2mus
	CRS based FO/TO estimation (6 PRB-pair)

	Option 1
	200Hz, 2mus
	CRS based FO estimation, CSI-RS based TO estimation (6 PRB-pair)

	Option 2
	200Hz, 2mus
	DMRS based FO/TO estimation (1 PRB-pair)


 Table 2. Performance loss @70% throughput
	INF Level 1 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14}
	Max Loss

	CRS based FO/TO estimation
	0.0 
	0.0 
	0.0 
	0.0 
	　

	CRS/CSI-RS based FO/TO estimation
	-0.2 
	-0.2 
	-0.2 
	-0.1 
	-0.2 

	DMRS based FO/TO estimation
	-1.0 
	-0.4 
	-0.5 
	-0.2 
	-1.0 

	INF Level 1 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14}
	Max Loss

	CRS based FO/TO estimation
	0.0 
	0.0 
	0.0 
	0.0 
	　

	CRS/CSI-RS based FO/TO estimation
	-0.2 
	-0.1 
	-0.1 
	-0.1 
	-0.2 

	DMRS based FO/TO estimation
	-0.7 
	-0.4 
	-0.3 
	-0.1 
	-0.7 

	INF Level 2 + Rank 1 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14}
	Max Loss

	CRS based FO/TO estimation
	0.0 
	0.0 
	0.0 
	0.0 
	　

	CRS/CSI-RS based FO/TO estimation
	-0.2 
	-0.2 
	-0.3 
	-0.2 
	-0.3 

	DMRS based FO/TO estimation
	-0.9 
	-0.7 
	-1.0 
	-0.5 
	-1.0 

	INF Level 2 + Rank 2 INF
	MCS{5,5} 
	MCS{5,14} 
	MCS{14,5} 
	MCS{14,14}
	Max Loss

	CRS based FO/TO estimation
	0.0 
	0.0 
	0.0 
	0.0 
	　

	CRS/CSI-RS based FO/TO estimation
	-0.2 
	-0.1 
	-0.2 
	-0.1 
	-0.2 

	DMRS based FO/TO estimation
	-2.0 
	-0.7 
	-1.1 
	-0.3 
	-2.0 



3 Maximum subset size of VCID and nSCID
In RAN4 #71 and RAN1 #77 meeting, it was agreed to introduce the HL signaling for the VCID and nSCID combination subset. The maximum subset size is in the range from 6 to 12, but the exact value is FFS.
In Rel-11 CoMP WI, VCID was introduced to realize TP-specific DMRS scrambling and interference randomization. Typically, even though VCID can be configured in UE specific manner, VCID in real network would be in TP specific manner. That is, in practice, each TP would have up to two cell IDs for DMRS, one is TP-specific VCID for TM10 UEs and the other is PCID used for UEs which do not support TM10. Even in case of DPS, one TP-specific VCID and the legacy PCID in each TP would be enough to realize TP-specific local transmissions with interference randomization[2].
Observation 3: In each TP, use of one TP-specific VCID and the legacy PCID would be enough to realize TP-specific local transmissions with interference randomization in Rel-11 CoMP deployment.

Given the above observation, the maximum number of combinations of VCID and nSCID to the UE wound not need to be larger than 2N, where N is the maximum number of interfering TPs to be configured to the UE for NAICS.
Furthermore, it is unlikely that NAICS UE will experience more than 3 strongest interference cell, which are strong enough to obtain performance gain by performing joint detection. That is, the maximum number of interfering TPs of three, N=3, would be enough for Rel-12 NAICS operation.
Therefore, our proposal on the maximum number of combinations of VCID and nSCID to a NAICS UE is six which would correspond to up to three interfering TPs.
Based on the analysis above, it is concluded that
Proposal 2: The maximum number of combinations of VCID and nSCID for a NAICS UE should be six which corresponds to up to three interfering TPs..
4 Conclusion
In this contribution, we present our analysis and evaluation result for TM10 related signaling. 
Regarding QCL information for TM10 interference, our observations are 
Observation 1: DMRS based FO/TO estimation will introduce non-neglecable UE implementation complexity even for TM10 capable UE.

Observation 2: DMRS based FO/TO estimation is not reliable under Rel-11 network deployment assumptions, e.g. the performance loss can be up to 2.0dB in certain case. Meanwhile, CRS/CSI-RS based FO/TO estimation is more reliable. It confirmed RAN1/4 Rel-11 conclusion once again.

Regarding maximum subset size of VCID and nSCID combination, our observation is 
Observation 3: In each TP, use of one TP-specific VCID and the legacy PCID would be enough to realize TP-specific local transmissions with interference randomization in Rel-11 CoMP deployment.

Thus, finally it is concluded: 
Proposal 1: QCL information for TM10 interference and the associated TP specific CSI-RS information is found as beneficial in complexity and performance if RAN1 defines the HL signaling.

Proposal 2: The maximum number of combinations of VCID and nSCID for a NAICS UE should be six which corresponds to up to three interfering TPs..
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6 Annex A: Simulation Assumption
 Table 6-1 Simulated Interference Combinations 
	(Serving/I1/I2)
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS

	
	
	
	
	

	ON/ON/ON pattern
	1
	5
	1
	{5}

	
	
	
	
	{14}

	
	1
	14
	1
	{5}
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	2
	5
	1
	{5}
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	2
	14
	1
	{5}

	
	
	
	
	{14}



Table 6-2: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM9

	Transmission mode on Interference cell
	TM9

	Receiver
	R-ML with modulation and DMRS sequence blind detection

	Interference profiles
	INF Level 1: INR1 = 7.77dB, INR2 = 2.29dB;
INF Level 2: INR1 = 13.91dB, INR2 = 3.34dB

	MIMO configuration
	2x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EPA 5Hz 
Use different channel seed for between cells

	CRS configuration
	2 CRS ports. 
CRS is colliding between serving cell and interference cells

	PA
	-3dB

	PB
	0dB

	CSI-RS configuration
	None

	Channel Estimation
	Realistic Channel Estimation

	PMI
	Random PMI

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered



7 Annex B: Blind Detection Performance of DMRS based TM

[image: ]
Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 2: Performance under Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
[image: ]
Figure 3: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
[image: ]
Figure 4: Performance under Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
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