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1 Introduction
In the previous RAN4 meeting (RAN4 #75), there was further discussion on the operation of a NAICS receiver in a TM10 deployment. In particular, the possibility of introducing demodulation test cases with TM10 serving cell transmissions was discussed for both low and high INR scenarios. Given the lack of necessary signaling to support TM10 with NAICS in Rel-12, it was agreed that only QCL type A would be considered for potential test cases. 
In this paper, we briefly review the following aspects of NAICS in TM10 deployments and summarize our proposals.

· Clarification of TM10 operation modes
· Rel-12 NAICS Agreements
· Impact on NAICS UE as it pertains to
· RAN4 test cases

· UE behavior when NAICS is enabled in TM10 networks

2 TM10 Operation Modes
The following aspects have been discussed regarding TM10 operation modes in the context of NAICS. 
· QCL behavior

· PCI / VCI based transmissions
Here, we attempt to provide a further clarification on these parameters. TM10 transmissions from a neighboring cell / transmission point can be either based on QCL behavior A or behavior B. According to section 7.1.9 of specification 36.213, the two behaviors are defined in the following manner:
“A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme associated with antenna ports 7-14:

-
Type A: The UE may assume the antenna ports 0 – 3, 7 – 22 of a serving cell are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

-
Type B: The UE may assume the antenna ports 15 – 22 corresponding to the CSI-RS resource configuration identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the antenna ports 7 – 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.”
Observation 1: The QCL behavior definition does not directly relate to the PCI or VCI based DMRS sequence initialization. Although the typical use case for virtual cell ID based transmissions is correlated to QCL type B scenarios, the specification does not directly define that VCID based transmissions are only possible with QCL type B transmissions. 

On the other hand, the DMRS sequence initialization for TM10 based transmissions is defined in the following way in section 6.10.3 of specifications 36.211.

“The pseudo-random sequence generator shall be initialised with 
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Observation 2: The use of primary cell ID, 
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for DMRS sequence generation is a higher-layer configured parameter which is not strictly associated with QCL type A or type B according to the specifications. 
Proposal 1: Given the lack of direct relationship between VCID based transmissions and QCL behavior in the current specifications, we propose further clarification on UE behavior as it pertains to these different modes of TM10 operation. 
The deployment scenarios presented for this test case [3][4] can be broadly classified into the following categories:

· Case A: UE served with TM10 based transmissions, interference from adjacent TM9 interference at the edge of CoMP cluster

· Case B: UE served with TM10 based transmissions, with PCI based TM10 transmissions which “appear to be” TM9 transmissions.

Observation 3: Although the proposed demodulation test case specifies TM10 based serving cell transmissions and TM9 based interfering transmissions, the intention of coverage seems to include Case B above and therefore it seems important to explicitly clarify UE behavior in a TM10 network. From Observations 1 and 2 [1][2], TM10 transmissions can be either based on primary or virtual cell ID depending on higher layer configuration regardless of QCL type A or Type B.
3 Impact on NAICS UE

Rel-12 NAICS discussions in RAN4 did cover the topic TM10 extensively and it was concluded that UE blind detection of interfering cell VCID is not feasible without network assistance. As is evident now, no such signaling support was defined in Rel-12. 

Observation 4: In the context of Rel-12 NAICS, there has been no consensus on the UE being able to handle VCID based TM10 interference. Moreover, no Rel-12 NAICS signaling support has been added for TM10 transmissions.  
The following table summarizes the scenarios with TM10 serving / interfering transmissions and Rel-12 NAICS UE impact on the same.
	
	Serving Cell
	Interfering Cell
	Impact on NAICS UE
	Proposed NAICS UE behavior

	Scenario 1
	TM9
	TM9
	No VCID detection required
	Rel-12 support of Type A & B test cases

	Scenario 2
	TM10 with primary cell ID based transmissions
	TM9
	No VCID detection required
	Test cases may be considered if RAN4 consensus

	Scenario 3
	TM10 with virtual cell ID based transmissions
	TM9 or TM10
	Neighbor cell may be VCID based (due to dynamic changes), but not supported in Rel-12
	UE behavior is undefined when NAICS is configured

	Scenario 4
	TM9 or TM10
	TM10 with virtual cell ID based transmissions
	VCID detection is required, but not supported in Rel-12
	UE behavior is undefined when NAICS is configured


It can be observed that proper UE behavior is not well defined for Rel-12 NAICS UE in case serving cell or interfering cell has TM10 transmission with virtual cell ID. Mere introduction of RAN4 test with TM10 serving cell cannot guarantee that UE can handle TM10 NAICS deployment properly. Without proper specification support to define proper NAICS UE behavior, NAICS signaling from TM10 serving cell may cause unpredictable UE behavior in practical network deployment. 
In our view, the only way to guarantee it is to specify NAICS assistance signaling for TM10 interfering cell. If we narrow the scope of TM10 NAICS assistance signaling to QCL type A and PCID based DMRS scrambling, signaling can be as simple as 1 bit flag for QCL type A and VCID being equal to PCID. 

Proposal 2: Specify proper NAICS assistance signaling for TM10 neighbor cell to avoid unpredictable UE behavior in TM10 NAICS deployment. 
Proposal 3: Introduce RAN4 test for TM10/TM10/TM10 NAICS deployment with assistance signaling indicating QCL type A and PCID based DMRS scrambling. 

4 Conclusions
Observation 1: The QCL behavior definition does not directly relate to the PCI or VCI based DMRS sequence initialization. Although the typical use case for virtual cell ID based transmissions is correlated to QCL type B scenarios, the specification does not directly define that VCID based transmissions are only possible with QCL type B transmissions. 

Observation 2: The use of primary cell ID, 
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for DMRS sequence generation is a higher-layer configured parameter which is not strictly associated with QCL type A or type B according to the specifications. 
Observation 3: Although the proposed demodulation test case specifies TM10 based serving cell transmissions and TM9 based interfering transmissions, the intention of coverage seems to include Case B above and therefore it seems important to explicitly clarify UE behavior in a TM10 network. From Observations 1 and 2 [1][2], TM10 transmissions can be either based on primary or virtual cell ID depending on higher layer configuration regardless of QCL type A or Type B.
Observation 4: In the context of Rel-12 NAICS, there has been no consensus on the UE being able to handle VCID based TM10 interference. Moreover, no Rel-12 NAICS signaling support has been added for TM10 transmissions.  
Proposal 1: Given the lack of direct relationship between VCID based transmissions and QCL behavior in the current specifications, we propose further clarification on UE behavior as it pertains to these different modes of TM10 operation. 

Proposal 2: Specify proper NAICS assistance signaling for TM10 neighbor cell to avoid unpredictable UE behavior in TM10 NAICS deployment. 

Proposal 3: Introduce RAN4 test for TM10/TM10/TM10 NAICS deployment with assistance siganling indicating QCL type A and PCID based DMRS scrambling. 
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