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1. Introduction
RAN4#69 concluded “Some network assistance/coordination can reduce receiver complexity compared to requiring UE to blindly detect all the interference parameters”, as also captured in TR36.866 v.1.1.0 [2] which also noted the following potential spec impact: 
· The transmission parameters that can be considered for signalling and that for receiver detection are FFS

· Note that assistance signalling can be different from transmission parameters

· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic

· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three

· Other deployment related parameters may be coordinated or detected.

· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 

· Dynamic coordination may be feasible only under ideal backhaul
· Other potential PHY impact needs further study (e.g., CSI feedback)

In the approved status report for the NACIS study item (RP-132108 [1]), the following guidance was given:

Based on RAN#62 discussion, RAN1 and RAN4 should have the following focus and target completion at RAN#63: 

· (RAN1) Identify the interference transmission parameters for signalling and those for receiver detection, based on the following studies and the trade-offs: 

· Receiver performance and complexity, with and without network assistance (RAN4)

· Feasibility of assistance signalling and system performance that takes into account corresponding signalling overhead (RAN1) 

· Network performance evaluation if any network coordination is assumed that introduces scheduling constraints (RAN1).

In this contribution, we discuss the transmission parameters that can be potentially network-assisted and the feasibility of network assistance. The discussion here focuses on inter-cell interference case with distributed scheduling. Intra-cell scenario under a single or centralized scheduler deserves a separate analysis. But given the time left for Rel-12, we propose:
Proposal # 1: Focus only on the inter-cell interference scenario in Rel-12.   
2. Transmission Parameters of Interference PDSCH:  Dynamic and Semi-Static
In order to apply any of the NAICS receivers, at least some knowledge of the interference PDSCH transmission parameters is needed on a per-PRB or PRB-pair basis (i.e., dynamically), and the knowledge includes:  
· Estimated interference channel corresponding to the interference PDSCH, including the status  of interference presence/absence and the associated TM (Note: required for all NAICS receivers)
· Modulation order of interference PDSCH (Note: for non-linear receivers such as ML or SLIC)
· Presence of CRS or not, including 
· Number of CRS ports 
· CRS sequences (based on Cell-ID)
· MBSFN subframe pattern 
· Coding information and C-RNTI (Note: required by receivers that attempt to decode the interference PDSCH) 
Observation # 1: Most of the challenges for NAICS receivers lie in the detection of interference presence/absence and the associated TM, as well as the estimation of the corresponding channel, all on a per-PRB or PRB-pair basis.     
Three types of parameters required by NAICS receivers as analyzed in the following:
· Some parameters are dynamically signaled in PDCCH or PCFICH, including CFI, PMI/RI, MCS, LVRB/DVRB, resource allocation, and DMRS antenna ports+ nSCID +number of layers.
· Some parameters are higher-layer configured including: 
· UE-specific RRC configurations like TM, 
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· Cell-specific configuration of neighboring cells such as cell-ID, MBSFN subframes, and CRS antenna ports. 
· Other cell specific deployment related parameters (e.g., synchronization, CP, subframe/slot alignment) are not configured, but rely on UE detection.  
Observation # 2: There are three types of parameters required by NAICS receivers: those dynamically signaled via PDCCH or PCFICH; those higher-layers signaled via either UE- or cell-specific configuration; and synchronization related information. 
Feasibility of UE detection
Observation #3: It may be infeasible to obtain the dynamic parameters by decoding the interference PDCCH associated with the interference PDSCH, because PDCCH typically targets a different UE than the victim UE and its CRC is scrambled by the C-RNTI of the intended UE (unknown to the victim UE).
Observation #4: CFI carried by PCFICH of a neighboring cell may be detected, but reliability and complexity are of concern.
Observation #5: It is infeasible to obtain the UE-specific higher-layer configurations by detecting and decoding the interference PDSCH that potentially carries RRC messages.
3. Network Assistance: Feasibility
With distributed scheduling, eNBs make scheduling decisions almost instantaneously and independently, based on the different traffic and channel conditions of the multiple users that have a non-empty buffer. Exchanging each other’s instantaneous scheduling decision which is then conveyed to all possible victim UEs, is theoretically possible with ideal backhaul, but will still incur very large overhead, because different UEs can be interfered by different neighboring cells. Under ideal backhaul, we can effectively treat the multi-cell system as an intra-cell scenario under a single centralized scheduler. For the current focus of inter-cell scenarios, it is difficult to provide dynamically signaled information on potential interference PDSCH, either by the serving cell or the neighboring cells.  Dynamic parameters of interference PDSCH, even if available for signaling via a new DCI format, may still be  tricky to convey to a UE if the serving eNB does not know which neighboring eNB’s PDSCH causes interference to the target UE. Often the eNB ends up having to broadcast all the information to all the UEs.
Observation # 6: It is difficult to dynamically signal from a serving cell’s PDCCH any of the dynamic parameters of interference PDSCH due to distributed scheduling, non-ideal backhaul, or large signaling overhead, unless those parameters are made semi-static in which case semi-static signaling from serving cell is also adequate instead of via PDCCH. 
Proposal # 2: Focus only on serving cell semi-static signaling of parameters related to interference PDSCH in Rel-12.   
Semi-statically signaling does not have to be limited to the higher-layer configuration parameters. Moreover, we also want to make the following observations on the current higher-layer signaled parameters:
· UE-specific configuration parameters, though semi-static from the desired UE’s perspective, can still lead to dynamic interference to the victim UE, since the interference characteristics changes according to the UEs that are dynamically scheduled in the interference cells. 

· Cell-specific parameters can also lead to dynamic interference to the victim UE due to the dynamic presence/absence of interference. In other words, the victim UE can see, from subframe to subframe, a different list and order of interferers that are associated with different cells.  

Observation # 7: The interference PDSCH on each PRB or PRB-pair is dynamic in nature because interference can be on/off, correspond to different TM that is associated with different scheduled UE, or come from different neighboring cells. Hence, the UE must process on a per PRB or PRB-pair basis if there is no resource allocation information. 
In order to estimate the interference channel corresponding to the interference PDSCH, including the status of interference presence/absence and the associated TM, we observe the following: 
· TM of the interference PDSCH must be known or detected.   

· In the case of DMRS based TM8/9/10 for interference PDSCH, interference detection and its corresponding channel estimation can be performed on antenna port 7 and 8 (assuming <=2 layers) on a PRB-pair basis. 

· For TM8/9 with DCI format 2B or 2C, the two possible DMRS sequences at each port are determined by cell-ID and  nSCID (0 or 1) 
· For TM10 with DCI format 2D, the two possible DMRS sequences at each port are determined by one of two higher-layer configured values of 
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(i=0 or 1 as indicated by nSCID)
· Note: There are 2 possible interference channels at each antenna port 
· Due to possible CRS power boosting, data RE within OFDM symbols containing CRS can have a different EPRE than that of DMRS. Hence, the ratio of data RE EPRE to CRS ERPE within each OFDM symbol containing CRS (i.e., ρB) is needed.  
· In the case of CRS based TM2/3/4/6, an estimation of the channel to antenna port 0&1 (2 Tx) or 0-3 (4-Tx) based on corresponding CRS needs to be performed first.

· For TM4/6, additional PMI information is needed to derive the effective channel corresponding to the interference PDSCH.

· For TM2/3, rank-1 or 2 information is needed

· Note: Estimation must be on a per-PRB basis in the case of DVRB, as opposed to PRB-pair basis in the case of LVRB. 

· The ratios of data RE EPRE to CRS ERPE within and not within OFDM symbols containing CRS (i.e., ρB and ρA, respectively) are needed.
· In the case of DMRS based TM7 for the interference PDSCH, interference detection and the estimation of the corresponding channel can be performed on antenna port 5

· Note: Estimation must be on a per-PRB basis in the case of DVRB, as opposed to PRB-pair basis in the case of LVRB. 

We can see that the UE can use DMRS to detect the presence/absence of DMRS-based PDSCH and the channel corresponding to each layer, but the DMRSs are limited to those within a PRB (for TM7 due to unknown DVRB/LVRB) or a PRB-pair (for TM8/9/10 or TM7 with LVRB). For CRS-based PDSCH, the UE must use data RE to detect on/off and PMI/RI and use neighboring cells’ CRS to estimate the channel. The usable data REs are of course limited to those within a PRB due to unknown DVRB/LVRB. A larger number of DMRS or data REs can help the detection of interference PDSCH (e.g., on/off, TM, PMI/RI). 
Note that for resource allocation (RA) type 0, RBG is the basic unit of RA. PRB bundling is also supported in DMRS-based TM9 when the UE is requested to report PMI/RI. But if such bundling operation can be made cell-specific, we can improve the parameter detection of interference PDSCH. Similarly if a subband is defined as the basic unit of RA since it is the feedback granularity, we can also benefit from that. In the companion paper [3], we observed from simulation that allowing a RA-granularity finer than the subband size does not significantly impact the system performance.   
Proposal # 3: Consider higher layer signaling of a neighboring cell’s basic unit for RA, especially if multiple PRBs can be grouped together as a basic unit (e.g., RBG, PRG, subband).
Proposal # 4: Consider higher layer signaling of a neighboring cell’s RA type, especially for type 0, as well as when only LVRB is used or even for DVRB but with the indication of semi-static selection of Ngap values. 
TM detection is still expected to be challenging, so if the neighboring cell can use a specific TM or a subset of TMs, it is expected to reduce the detection complexity and increase the robustness. Note that the eNB is allowed to use DCI format 1A for TxD-based “fallback” transmission even if the UE is configured with other TMs.
Proposal # 5: Consider higher layer signaling of a neighboring cell’s TM(s), especially if it is a reduced set of all the TMs.
Furthermore, since the UE needs to detect two candidates DMRS sequences (i.e., nSCID=0/1) on each of the antenna port 7 and 8, it may reduce the complexity if either rank (i.e., # of layers) or nSCID can be limited in a neighbouring cell. In the case of TM10, the two UE-specific RRC configured values for 
[image: image3.wmf]DMRS,

ID

i

n

must be known to victim UEs.
Proposal # 6: In the case of TM10, all possible RRC-configured values for 
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 need to be signalled via higher-layer messages. Cell-specific limitation of the number of layers or nSCID for DMRS-based TMs is also useful. 
In LTE Rel-11, it is already made possible to signal, via the RRC message below, a list of neighboring cell IDs, the CRS ports, and the MSBFN subframe patterns, i.e., 
CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1}

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

The following additional information about each neighboring cell can also be considered:

· Whether the cell can be considered as synchronized with the serving cell (including slot alignment)

· CP length

· System bandwidth

Once the UE knows it is a synchronized deployment, the UE can easily decide if to apply IC receiver or not.  System bandwidth information will be useful to determine the CRS to be used and also DVRB mapping. Even though the above information can be obtained if the UE can successfully process the PSS/SSS to learn about synchronization status and CP length, and can also process PBCH to learn about the system bandwidth, it is noted that the interference PSS/SSS and PBCH may be subject to interference of the stronger desired cell transmission and thus prone to detection error.    

Proposal # 7: In addition to cell-ID, CRS ports, and MBSFN pattern, consider higher-layer signaling of the following synchronization/deployment related parameters for each neighboring cell: indication of whether the cell can be considered as synchronized with the serving cell (including slot alignment), CP length, and system bandwidth. 

Proposal # 8: Higher-layer signaling of CFI of a neighboring if can be made static.  
4. Conclusion

In this contribution, we discuss the transmission parameters that can be potentially network-assisted and the feasibility of network assistance. We have the following observation and proposals:
Observation # 1: Most of the challenges for NAICS receivers lie in the detection of interference presence/absence and the associated TM, as well as the estimation of the corresponding channel, all on a per-PRB or PRB-pair basis.     
Observation # 2: There are three types of parameters required by NAICS receivers: those dynamically signaled via PDCCH or PCFICH; those higher-layers signaled via either UE- or cell-specific configuration; and synchronization related information. 

Feasibility of UE detection

Observation #3: It may be infeasible to obtain the dynamic parameters by decoding the interference PDCCH associated with the interference PDSCH, because PDCCH typically targets a different UE than the victim UE and its CRC is scrambled by the C-RNTI of the intended UE (unknown to the victim UE).

Observation #4: CFI carried by PCFICH of a neighboring cell may be detected, but reliability and complexity are of concern.

Observation #5: It is infeasible to obtain the UE-specific higher-layer configurations by detecting and decoding the interference PDSCH that potentially carries RRC messages.
Observation # 6: It is difficult to dynamically signal from a serving cell’s PDCCH any of the dynamic parameters of interference PDSCH due to distributed scheduling, non-ideal backhaul, or large signaling overhead, unless those parameters are made semi-static in which case semi-static signaling from serving cell is also adequate instead of via PDCCH. 

Observation # 7: The interference PDSCH on each PRB or PRB-pair is dynamic in nature because interference can be on/off, correspond to different TM that is associated with different scheduled UE, or come from different neighboring cells. Hence, the UE must process on a per PRB or PRB-pair basis if there is no resource allocation information. 

Proposal # 1: Focus only on the inter-cell interference scenario in Rel-12.   

Proposal # 2: Focus only on serving cell semi-static signaling of parameters related to interference PDSCH in Rel-12.   

Proposal # 3: Consider higher layer signaling of a neighboring cell’s basic unit for RA, especially if multiple PRBs can be grouped together as a basic unit (e.g., RBG, PRG, subband).

Proposal # 4: Consider higher layer signaling of a neighboring cell’s RA type, especially for type 0, as well as when only LVRB is used or even for DVRB but with the indication of semi-static selection of Ngap values. 

TM detection is still expected to be challenging, so if the neighboring cell can use a specific TM or a subset of TMs, it is expected to reduce the detection complexity and increase the robustness. Note that the eNB is allowed to use DCI format 1A for TxD-based “fallback” transmission even if the UE is configured with other TMs.

Proposal # 5: Consider higher layer signaling of a neighboring cell’s TM(s), especially if it is a reduced set of all the TMs.

Proposal # 6: In the case of TM10, all possible RRC-configured values for 
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 need to be signalled via higher-layer messages. Cell-specific limitation of the number of layers or nSCID for DMRS-based TMs is also useful. 

Proposal # 7: In addition to cell-ID, CRS ports, and MBSFN pattern, consider higher-layer signaling of the following synchronization/deployment related parameters for each neighboring cell: indication of whether the cell can be considered as synchronized with the serving cell (including slot alignment), CP length, and system bandwidth. 

Proposal # 8: Higher-layer signaling of CFI of a neighboring if can be made static.  
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