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1. Introduction
In this contribution, we discuss the potential network signaling and/or coordination to assist/enable NAICS receivers, and associated spec impact, after the following agreement from last meeting [2]
Agreements:
· System level modelling methodology
· Company should provide detailed model when providing system simulation results.

· Including possible validation results on the used model.

· Capture the options of modelling methodology in TR36.866.

· The performance impact of blind estimation should be taken into account  when blind detection is assumed by receivers.

· Blind parameter detection feasibility and performance degradation modeling can be part of the system modeling (to be described in detail per proposal-1 above) , take into account any RAN4 input

· Network signaling/coordination

· Continue to study the tradeoffs between performance gain, robustness, and signalling/coordination complexity, with (RAN1) focus on signaling/ coordination feasibility (including any spec impact) and system level performance impact from scheduling constraint
· We should strive to converge one common methodologies for each type as much as possible
RAN4 also agreed the receiver assumption in the agreed text proposal [3], which is quite relevant to the network signaling/coordination discussion here and the overall objective of the SID [1]. 
3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC
· Work can start at different time for different reference receivers 

2. Network signaling and/or coordination and spec impact
First of all, we want to clarify that network signaling may or may not have any network coordination in the background and network coordination is technically agnostic to the UE but can be implied in some signaling if needed.   
2.1.  Network synchronization and CP/subframe/slot alignment 
Synchronized network deployment is widely expected and thus agreed as the NAICS evaluation assumption. If the UE needs to acquire cell ID through PSS/SSS detection, it will know whether the network deployment may be synchronized or not. Of course, there will be timing and frequency error even in synchronized networks. Propagation distance can also cause different arrival timing at the UE. These impairments will have performance impact which could be further studied in RAN4.  For frequency/timing error, if the UE needs to compensate for the error as an implementation choice, UE may use the CRS of interfering cells.
Observation # 1:  Network synchronization assumption/detection and any frequency/timing error compensation may be up to UE implementation and thus have no spec impact.
CP and subframe/slot alignment is feasible in a synchronous deployment. Even though a UE may be able to detect the CP length of a strong interferer and/or alignment of subframe/slot, it will be beneficial if some network coordination can be assumed by the UE. 
Observation # 2:  It will be beneficial if some network coordination can be assumed by the UE on CP and subframe/slot-level alignment. This kind of coordination should not pose much complexity or constraint in deployment.
2.2. Interference PDSCH starting symbol
Aligned PDCCH region is agreed as the first priority of the study item in both RAN1 and RAN4.  But in practice, PDCCH regions may change from subframe to subframe as signaled in the CFI carried by PCFICH. The performance impact of misaligned control channel regions (i.e., misaligned starting symbol of PDSCH) depends on the receiver types, as well as whether the desired PDSCH is under the interference of only PDSCH or both PDSCH and PDCCH. There are three different cases to consider:
1. Aligned PDSCH ( Interference characteristics (e.g., observed channel after transmission scheme, interference power, and modulation order) is the same for all the REs in a PRB of the desired PDSCH, except at the RS positions (e.g., CRS, CSI-RS, DMRS)
2. Desired PDSCH starting earlier ( Suffering from PDCCH interference on the first up to 3 OFDM symbols, as well as from the entire interference PDSCH. In this case, interference characteristics on REs in the overlapped symbols can be different from other REs due to the resource mapping of PDCCH (i.e., presence of interference on a CCE level, instead of PRB level), the transmission power (may be boosted), transmission scheme (always transmit diversity), etc. Receiver performance/robustness is for future checking in RAN4. 
3. Desired PDSCH starting later (  Suffering from partial interference PDSCH. A few starting OFDM symbols of the interference PDSCH will suffer from desired PDCCH, if the receiver needs to decode and re-construct the interference PDSCH for cancellation. 
The knowledge of CFI, if can be obtained at the UE, may be beneficial from the perspective of receiver robustness at least.  Decoding PCFICH of interference cells requires cell ID and interference PBCH to get bandwidth, PHICH resource, and CRS port information. When the interference is weak, the detection of PBCH and PCFICH can be unreliable especially since PCFICH does not have CRC check. 
Observation # 3:  It is beneficial to avoid UE decoding of interference PCFICH for the purpose of checking PDSCH alignment.  Dynamic signaling of neighboring cell PCFICH is only possible with ideal backhaul. But semi-statically signaling PDSCH region is feasible with network coordination which can post only slight constraints to network operation. 
2.3.  MBSFN subframe 
The knowledge of whether or not a subframe of an interferer is MBSFN subframe impacts CRS-IC. Also, only DMRS based TM is allowed on MBSFN subframes (see below).  
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Observation # 4:   The knowledge of MBSFN subframe may be assumed at the UE using, for example, the existing mechanism developed for FeICIC on semi-static signaling of neighbor cell MBSFN subframes.
2.4.  PDSCH allocation information and TM 

We can look at the interference either at per-PRB level or per-PDSCH level.
On any given PRB of the desired PDSCH, there may or may not be any interference from a particular cell (assuming aligned PDSCH for the sake of discussion). UE has to detect the presence and TM (CRS based or DMRS based) on a PRB level first. In the DMRS-base case, interference presence on each PRB pair may be detected from DMRS in TM7/8/9/10 and the detection problem can be part of the interference channel estimation. For CRS-based TMs, a UE cannot make the detection based on CRS. Detection of TM/PMI/RI based on data RE has not been widely evaluated in RAN4. Note that with distributed resource allocation using VRB in the CRS-based TMs, any detection will have to be based on PRB instead of PRB pair. TM (including PMI/RI) may have to be signaled/detected at PRB level even though all PRBs within a PDSCH have the same TM. Moreover, MCS can only be signaled or detected at per-PDSCH level.  
On the other hand, if each PDSCH allocation (PRBs, TM, MCS, etc.) is known to the UE, all the interference characteristics will be clear. Essentially, it requires interference PDCCH decoding, which can be very challenging due to the blind nature of PDCCH transmission and CCE-level of interference. Some studies (e.g., [4]) have shown that about 80% of the time the desired PDSCH will be overlapped with two or fewer interference PDSCH. Nevertheless, dynamic signaling of the interference resource allocation can be very expensive since the RA field requires the largest amount of bits among all fields. eNB will have to signal all relevant PDSCH allocations in order to cover the desired PDSCH. Network coordination on the PDSCH allocation can certainly reduce the signaling overhead, but the associated scheduling constraint can be undesirable considering traffic needs. 
If dynamic network signaling is feasible under centralized/coordinated schedulers, individual signaling via PDCCH can be more wasteful compared to broadcast of interference PDSCH [5]. A partially-signaling partially-detection based approach on network assistance may achieve a good tradeoff, such as to align TMs.
Observation # 5:   Interference presence on each PRB pair may be detected from DMRS, but a UE cannot make the detection based on CRS only for CRS-based interference PDSCH. Detection of interference presence and its TM/PMI/RI based on data RE has not been widely evaluated in RAN4 in terms of performance degradation and complexity. Network assistance can be studied in parallel.
Observation # 6:   Dynamic network signaling of PDSCH allocation can help, but large overhead is a concern. Network coordination is also possible (e.g., aligned PRBs) but with undesirable scheduling constraint. A partial-signaling partial-detection based approach can be further studied. 
2.5.  Interference channel estimation 
On each PRB occupied by interference PDSCH, in order to estimate the interference channel, the RS of the interferers needs to be known to the UE, which means the following parameters:

· For CRS-based TM of interferers: cell ID, number of CRS ports, PMI (TM4 &6), RI (TM3 &4), data RE to CRS EPRE ratio, where
· Cell ID and number of CRS ports can be detected or signaled using existing Rel-11 mechanism developed for FeICIC.
· PMI/RI detection may be possible under 2-Tx, but performance degradation needs more study in RAN4. 
· Data RE to CRS EPRE ratio is configured by high layer message, so signaling/coordination may be feasible   
· For DMRS-based TM of interferers: cell ID or 
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(when configured), number of DMRS ports (i.e., RI), nSCID, PB (on OFDM symbols containing CRS), where
· 
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used in TM10 is RRC configured if different from cell ID 
· RI and nSCID may be detected, but needs RAN4 study on robustness versus signalling overhead
· PB is RRC configured
Interference channel estimation is very much related to PDSCH allocation and TM since PMI/RI/nSCID is the same for all PRBs with the same PDSCH. If PMI/RI/nSCID are signalled on a per-PRB basis, the overhead is large, but otherwise not. To further cancel interference a reference signal from an interferer, the corresponding reference signal configuration parameters are needed, including subframe type information (i.e., MBSFN or non-MBSFN). 
Observation # 7:  Similar to MBSFN subframe signaling, Cell ID and the number of CRS ports may be signaled using existing Rel-11 mechanism developed for FeICIC.
Observation # 8:  PMI/RI in CRS-based TM or RI/nSCID in the DMRS-based TMs may be feasible for signaling in the case of aligned PRB allocation.  Otherwise, detection on a per-PRB level is required from DMRS or data RE in the case of CRS-based TMs.  Performance degradation and complexity have not been widely evaluated in RAN4 and network coordination/signaling can be further studied in parallel.  
 Observation # 9:  Data RE to CRS EPRE ratio, 
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used in TM10, and PB (on OFDM symbols containing CRS) are all RRC configured and it is possible for semi-static signalling.
2.6.  Modulation order and MCS/RNTI information  

ML/R-ML/SLIC requires modulation order information on a per-PRB basis. We found that it may be detected but with degradation in some cases [6]. Again, modulation order only needs to be signaled for each PDSCH instead of PRB, so the signaling is more feasible if PRB allocation is already known or coordinated. MCS and RNTI information are required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers, not for ML/R-ML. If interference PDSCH is a HARQ retransmission, RV information is required additionally.  UE detection of these parameters is not feasible and signaling of these parameters can incur large overhead if feasible. Network coordination such as aligned resource allocation can reduce receiver complexity, but with scheduling constraint.
Observation # 10:  ML/R-ML requires modulation order information on a per-PDSCH basis. It may be blindly detected on a per-PRB level with performance degradation or with signaling, which all requires further study. 
3. Other potential spec impact
In addition to signaling, one other possible spec impact is the CSI feedback. In order to translate the link-level gain to system level, NAICS receivers should reflect the gain in CQI/RI reporting. For baseline MMSE-IRC receivers, UEs may estimate the demodulation performance based on interference covariance matrix estimated from desired cell CRS. Since NAICS receivers may explicitly estimate the interference channels, they need such information to predict the achievable CQI/RI. Interference channel may be estimated from interference cell CRS, but the estimates cannot reflect post-precoding channel or cope with the case when the interference is actually not present in a PRB. For TM9, CSI-RS are defined for channel part measurement of the desired cell with interference still being estimated from CRS. TM10 extends to allow interference measured from CSI-IM. CSI-RS may be extended allow channel estimation from interference CSI-RS if it is known to the UE, but it still cannot reflect precoded channel or presence/absence of the interference. CSI-IM cannot be used for interference channel estimation either. 

Observation # 11:  The current CRS, CSI-RS, and CSI-IM may not allow UEs to estimate the precoded interference channel and its presence/absence which are all important for NAICS to estimate the achievable CQI/RI. CSI feedback enhancements for NAICS receivers require further study and potential specification impact. 
4. Conclusion

In this contribution, we discuss the potential network signaling and/or coordination to assist/enable NAICS receivers, and associated spec impact, as summarized in the following:

Observation # 1:  Network synchronization assumption/detection and any frequency/timing error compensation may be up to UE implementation and thus have no spec impact.

Observation # 2:  It will be beneficial if some network coordination can be assumed by the UE on CP and subframe/slot-level alignment. This kind of coordination should not pose much complexity or constraint in deployment.

Observation # 3:  It is beneficial to avoid UE decoding of interference PCFICH for the purpose of checking PDSCH alignment.  Dynamic signaling of neighboring cell PCFICH is only possible with ideal backhaul. But semi-statically signaling PDSCH region is feasible with network coordination which can post only slight constraints to network operation. 

Observation # 4:   The knowledge of MBSFN subframe may be assumed at the UE using, for example, the existing mechanism developed for FeICIC on semi-static signaling of neighbor cell MBSFN subframes.

Observation # 5:   Interference presence on each PRB pair may be detected from DMRS, but a UE cannot make the detection based on CRS only for CRS-based interference PDSCH. Detection of interference presence and its TM/PMI/RI based on data RE has not been widely evaluated in RAN4 in terms of performance degradation and complexity. Network assistance can be studied in parallel.

Observation # 6:   Dynamic network signaling of PDSCH allocation can help, but large overhead is a concern. Network coordination is also possible (e.g., aligned PRBs) but with undesirable scheduling constraint. A partial-signaling partial-detection based approach can be further studied. 

Observation # 7:  Similar to MBSFN subframe signaling, Cell ID and the number of CRS ports may be signaled using existing Rel-11 mechanism developed for FeICIC.

Observation # 8:  PMI/RI in CRS-based TM or RI/nSCID in the DMRS-based TMs may be feasible for signaling in the case of aligned PRB allocation.  Otherwise, detection on a per-PRB level is required from DMRS or data RE in the case of CRS-based TMs.  Performance degradation and complexity have not been widely evaluated in RAN4 and network coordination/signaling can be further studied in parallel.  

 Observation # 9:  Data RE to CRS EPRE ratio, 
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used in TM10, and PB (on OFDM symbols containing CRS) are all RRC configured and it is possible for semi-static signalling.
Observation # 10:  ML/R-ML requires modulation order information on a per-PDSCH basis. It may be blindly detected on a per-PRB level with performance degradation or with signaling, which all requires further study. 

Observation # 11:  The current CRS, CSI-RS, and CSI-IM may not allow UEs to estimate the precoded interference channel and its presence/absence which are all important for NAICS to estimate the achievable CQI/RI. CSI feedback enhancements for NAICS receivers require further study and potential specification impact. 

Proposal: Capture the potential spec impact in TR and take the above observations into account to achieve a good tradeoff between performance gain, robustness, and signaling/coordination complexity.   
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