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1 Introduction

In the RAN1 #74bis meeting, the following agreement was reached on the network signaling/coordination study of NAICS receivers for LTE.
· Network signaling/coordination

· Continue to study the tradeoffs between performance gain, robustness, and signaling/coordination complexity, with (RAN1) focus on signaling/ coordination feasibility (including any spec impact) and system level performance impact from scheduling constraint
In this contribution, we present our views on network coordination/signaling and specification impact for advanced receivers.
2 Summary of necessary information for NAICS receivers 
In the RAN1 #73 meeting, it was agreed that PDSCH to PDSCH collision in situations within control channel coverage is the first priority in frame synchronized scenario. So when discussing the necessary information for NAICS receivers, PDSCH-to-PDSCH interference in synchronous network deployment with aligned subframe/slot is considered as the main evaluation scenario in the study phase. The impact of asynchronous deployment, timing and frequency synchronization error, and the collision of other channels may be studied in the future.
Several candidate receivers are discussed and described for NAICS [1]. The required network assistance information depends heavily on the advanced receiver types. From the required interference information point of view, these receivers can be divided into four categories:
(1) LMMSE-IRC/WLMMSE-IRC: LMMSE-IRC is considered as baseline receiver, WLMMSE-IRC is studied under the assumption of PAM transmission from the interferer. No knowledge of interferer information is required for these two receivers.  
(2) E-LMMSE-IRC/Enhanced WLMMSE-IRC: E-LMMSE-IRC and Enhanced WLMMSE-IRC can benefit from per-subcarrier channel knowledge of the interferers. Interference parameters that can enable interferer channel estimation are needed. 
(3) ML/R-ML/SLIC/SL-PIC: The interference mitigation for symbol-level PDSCH interference is taken into account for these receivers. So interference parameters that can enable interferer channel estimation and interferer detection at symbol level (e.g. modulation type) are needed.
(4) Iterative ML/Iterative R-ML/L-CWIC/ML-CWIC/L-CW-PIC/ML-CW-PIC: The interference mitigation for codeword-level PDSCH interference is taken into account for these receivers. In addition to the interference knowledge needed for category (3) receivers, interference knowledge that can enable codeword demodulation and decoding is needed.
In the following section, we focus on E-LMMSE-IRC, R-ML/SLIC, and L-CWIC receivers that are the interest of most companies [2].
The interference information for NAICS receivers can be categorized into two parts: one is for the estimation of channel knowledge for the interferers, and the other is for interference PDSCH demodulation. For the interference channel estimation, the corresponding reference signal configuration parameters are required, for example, the cell ID, the number of CRS ports, and data to RS EPRE, etc. The MBSFN configuration should also be informed to UE since compared to normal subframes, MBSFN subframes have different CP lengths and different CRS pattern. Considering the interference PDCCH might be misaligned with the target PDCCH, the knowledge of the starting symbol for interfering cell should also be informed to UE for advanced receivers that explicitly cancel the interfering PDSCH.

In addition to common interference information, some information is required only when the interfering PDSCH is transmitted in a CRS based or DMRS based transmission mode. For example, if the interfering PDSCH is transmitted in TM4, the PMI and RI information should also be informed to UE to help estimate the effective channel. If the interfering PDSCH follows DMRS based transmission modes, there is no need to indicate PMI and RI information since the DMRS antenna ports include the precoding information and imply the number of transmission layer for PDSCH. The necessary interference information of CRS based or DMRS based interference PDSCH transmission for interested NAICS receivers can be found in Table 1 in Appendix.

3 Analysis of specification impact 
The required interference information for different types of NAICS receiver were discussed and summarized in Table 1. In this section, we analyze the feasibility of introducing network signaling to indicate the required information to UE for implementing advanced receivers. These required interference information can be categorized into two categories, one is the cell-specific parameter which is provided on a per-cell level, and the other is PRB-specific parameter which is provided on a PRB level. The categorization of the required interference information is summarized in Table 2 in Appendix. Note that the interference information is only for one interferer, if more than one interferer is considered, the signaling overhead will be multiplied.

Impact of backhaul assumptions 
For cell-specific parameters, the information could be exchanged via ideal or non-ideal backhaul. For PRB-specific parameters, a lot of information should be exchanged between neighboring TPs since the PRB-dependent parameters are associated with instantaneous network scheduling. Backhaul with large capacity and less latency is required for these parameters.

For NAICS evaluation scenarios, “Fiber access 4” described in [3] are the backhaul assumptions between macro and small nodes (also between small nodes for scenario 2b). Since “Fiber access 4” has large capacity and low latency, any information exchange between neighboring TPs with this backhaul assumption can be obtained.
For NAICS evaluation scenario 1 and scenario 2a, non-ideal backhaul assumptions are assumed. The information exchange between neighboring TPs might be limited by the available backhaul latency and capacity. In this scenario, network coordination could be considered to reduce the PRB-specific parameters exchange between TPs.  For example, if the transmission schemes for neighboring TPs are pre-defined, there is no need to exchange this information and the transmission latency can be ignored.
Observation 1
· For ideal backhaul assumption, any information exchange between neighboring TPs is possible. 
· For non-ideal backhaul assumption, network coordination could be considered to reduce the PRB-specific parameters exchange between TPs.
Feasibility of network signaling
Generally, the network assistance information can be informed to UE by semi-static signaling (RRC signaling) or physical layer signaling (DCI signaling). As summarized in Table 2, some of the cell-specific parameters have already been introduced when studying other subjects. The other cell-specific parameters can also be transmitted directly to UE by RRC signaling. For PRB-specific parameters (e.g., transmission mode, PDSCH allocation, MCS), since the PDSCH transmission is dynamically changed by  scheduling operations, the PDSCH transmission from the interfering cells may vary every subframe, it is better to indicate the corresponding information by DCI signaling. However, the signaling overhead is large and it seems very difficult to achieve this goal. So network coordination operations are necessary for pre-defined PRB-specific parameters to reduce signaling overhead.
For example, the serving and interfering TPs may collaborate in their scheduling and may optimize their transmission schemes for interference coordination. Such coordination could be in the form of scheduling optimization, resource allocation, PDCCH region alignment, CP length alignment, or any other network parameters. This coordination and collaboration can be informed to UEs to allow them to implement different advanced receivers and achieve better performance with reduced assistance signaling. 

However, if too much coordination is considered in scheduling operations between TPs, it may cause a degradation of system throughput due to the scheduling restrictions. So it is necessary to find a balance between network coordination and scheduling restriction.

Considering Table 1 and Table 2, most of the additional signaling only for L-CWIC are PRB-specific parameters, which imply a large signaling burden. Therefore, L-CWIC requires more assistance signaling information than E-LMMSE-IRC, R-ML, and SLIC.
Observation 2
· Cell-specific parameters could be informed to UE by RRC signaling.
· For PRB-specific parameters, network coordination operations can be considered to reduce signaling overhead. 
· L-CWIC requires more assistance signaling information than E-LMMSE-IRC, R-ML, and SLIC.
Considerations on signaling reduction
For DMRS based transmission modes, there is no need to indicate the PDSCH precoding information to UE, so these transmission modes need less signaling indication than CRS based closed-loop transmission modes. From UE perspective, to further reduce the signaling overhead, the UE may blindly detect some interference information, for example, the DMRS antenna ports and/or modulation order if the interference PDSCH is based on DMRS. The blind detection might bring gains in some scenarios with the increased receiver complexity and potential reliability issues.
From network perspective, further performance assistance could be provided by coordinating the orthogonal DRMS transmission among neighbouring cells and applying PRB bundling restriction on PDSCH resource scheduling, which can help UE to improve the channel estimation for the interference signals and to achieve better throughput. The network could also implicitly signal the modulation order used in each scheduled PRB to UE, e.g. through different DMRS scrambling initialization identities,  to help UE reducing the detection complexity and increasing detection reliability without addition network signaling overhead.
Observation 3

· Orthogonal DMRS among neighboring cells and PRB bundling can also be used for the enhancement of channel estimation for the interference signals.

· Implicit modulation order signaling could be considered to avoid increasing additional signaling overhead.
4 Conclusion
In this contribution, first we summarized the necessary information for NAICS receivers, and then we discussed the specification impact of the required interference information. Based on the analysis, we have the following observations:

Observation 1
· For ideal backhaul assumption, any information exchange between neighboring TPs is possible. 
· For non-ideal backhaul assumption, network coordination could be considered to reduce the PRB-specific parameters exchange between TPs.
Observation 2
· Cell-specific parameters could be informed to UE by RRC signaling.
· For PRB-specific parameters, network coordination operations can be considered to reduce signaling overhead. 
· L-CWIC requires more assistance signaling information than E-LMMSE-IRC, R-ML, and SLIC.
Observation 3

· Orthogonal DMRS among neighboring cells and PRB bundling can also be used for the enhancement of channel estimation for the interference signals.

· Implicit modulation order signaling could be considered to avoid increasing additional signaling overhead.
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Appendix

Table 1 summarizes the necessary interference information of CRS based or DMRS based interference PDSCH transmission for interested NAICS receivers.
Table 1: Necessary interference information for interested NAICS receivers
	Interference information
	E-LMMSE-IRC
	R-ML/SLIC
	L-CWIC

	Information for interference channel estimation
	MBSFN configuration
	Needed
	Needed
	Needed

	
	Cell ID/Virtual cell ID
	
	
	

	
	Transmission Mode*
	
	
	

	
	PDSCH allocation
	
	
	

	
	Data to RS EPRE, PB
	
	
	

	
	System bandwidth
(CRS-based TM only)
	
	
	

	
	Data to RS EPRE, PA
(CRS-based only)
	
	
	

	
	Number of CRS APs
(CRS-based TM only)
	
	
	

	
	PMI (TM4 and TM6)

(CRS-based TM only)
	
	
	

	
	Rank (TM3 and TM4)

(CRS-based TM only)
	
	
	

	
	nSCID
(DMRS-based TM only)
	
	
	

	
	DMRS APs

(DMRS-based TM only)
	
	
	

	Information for interference PDSCH demodulation
	Modulation type
	Not needed
	
	

	
	CFI 
	
	Not needed
	

	
	MCS 
	
	
	

	
	nRNTI
	
	
	

	
	RV
	
	
	

	
	ZP CSI-RS resource
	
	
	

	
	Number of CRS APs 
(DMRS-based TM only)
	
	
	

	
	NZP CSI-RS resource

(DMRS-based TM only)
	
	
	


* Note: Fallback transmission schemes for different transmission modes need further study.

Table 2 summarizes the feasibility of introducing network signaling from the overhead point of view. ‘Parameters’ in the table indicates that this information should be provided on a per-cell level or a per-PRB level. ‘Existing signaling’ in the table indicates that the signaling has already been introduced in the specification. ‘Feasibility’ in the table indicates whether the signaling overhead is acceptable.
Table 2: The feasibility of introducing network signaling
	Interference information
	Parameters
	Existing signaling
	Feasibility

	Information for interference channel estimation
	MBSFN configuration
	Cell-specific
	Yes
	N/A

	
	Cell ID/Virtual cell ID
	Cell-specific
	Yes
	N/A

	
	Transmission Mode
	PRB-specific
	No
	RRC acceptable

	
	PDSCH allocation
	PRB-specific
	No
	RRC acceptable

	
	Data to RS EPRE, PB
	Cell-specific
	No
	Acceptable

	
	System bandwidth
(CRS-based TM only)
	Cell-specific
	No
	Acceptable

	
	Data to RS EPRE, PA
(CRS-based only)
	Cell-specific
	No
	Acceptable

	
	Number of CRS APs
(CRS-based TM only)
	Cell-specific
	Yes
	N/A

	
	PMI (TM4 and TM6)

(CRS-based TM only)
	PRB-specific
	No
	RRC acceptable

	
	Rank (TM3 and TM4)

(CRS-based TM only)
	PRB-specific
	No
	RRC acceptable

	
	nSCID
(DMRS-based TM only)
	PRB-specific
	No
	RRC acceptable

	
	DMRS APs

(DMRS-based TM only)
	PRB-specific
	No
	RRC acceptable

	Information for interference PDSCH demodulation
	Modulation type
	PRB-specific
	No
	RRC acceptable

	
	CFI 
	Cell-specific
	Yes
	N/A

	
	MCS 
	PRB-specific
	No
	RRC acceptable

	
	nRNTI
	PRB-specific
	No
	RRC acceptable

	
	RV
	PRB-specific
	No
	RRC Acceptable

	
	ZP CSI-RS resource
	Cell-specific
	No
	Acceptable

	
	Number of CRS APs 
(DMRS-based TM only)
	Cell-specific
	No
	Acceptable

	
	NZP CSI-RS resource

(DMRS-based TM only)
	Cell-specific
	No
	Acceptable

















































































































































































































































































































