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1. Introduction
RAN#63 approved the NAICS work item [1] and the objective for RAN4 includes: 

· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.

· As a starting point, parameters are those identified in the study item phase as desirable for blind detection, namely: 
· Presence or absence of interference 

· Transmission modes (TM)
· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)

As RAN4 starts the process of identifying and agreeing on the parameter combinations that could be blindly detected jointly, including any subset restriction for any parameters, we discuss in this contribution the typical UE tasks that should be conducted in simulations so that blind detection performance can be evaluated more realistically.
2. Required receiver tasks 
LTE gives eNB a lot of flexibilities in PDSCH transmission, in terms of resources that can be used, allocation granularity, power assigned, transmission schemes, and MCS. From the perspective of the interference cancellation, these flexibilities present a challenge for the UE to detect the nature of the interference. Nevertheless, to minimize any scheduling impact, the following parameters are identified in the study item phase [2] as desirable for blind detection, namely: 
· Presence or absence of interference 

· Transmission modes (TM)
· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)

Note that it is infeasible to obtain the dynamic scheduling parameters by decoding the interference PDCCH associated with the interference PDSCH, because PDCCH typically targets a neighbor-cell UE than the victim UE and its CRC is scrambled by the C-RNTI of the neighbor-cell UE (unknown to the victim UE). It is also infeasible to obtain the UE-specific higher-layer configurations by detecting and decoding the interference PDSCH that potentially carries RRC messages. Therefore, the burden of UE blind detection is heavy and robustness of detection is always a concern [5]
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[6]. 
Proposal #1: RAN4 should first agree that it is infeasible to require the UE to obtain the dynamic scheduling parameters by decoding the interference PDCCH associated with the interference PDSCH, or to obtain the UE-specific higher-layer configurations by detecting and decoding the interference PDSCH that potentially carries RRC messages.

Since the blind detection performance has been assessed under various assumptions, an effort was spend to agree on a set of evaluation conditions in order to align company observations on blind detection complexity and performance [3]. To fully understand the performance of blind detection in a realistic network deployment, it is important for RAN4 to discuss the set of tasks that a UE must perform in a typical operation condition. In our view, with or without any network assistance, a UE must perform the following detection tasks practically:

1. Establish a list of potential interference cell IDs from which there may or may not be any interference PDSCH transmission that will be of significance for interference cancellation. The cell ID list may be derived based on one or more of the following means:

· PSS and SSS processing (e.g., with PSS/SSS IC)

· It can be difficult/unreliable to detect cell IDs for weak cells from their PSS/SSS 

· RRC configuration of a neighbor cell list as defined in Rel-11 for FeICIC

· RRC configured measurement objects for EUTRA mobility measurement 

2. Detect synchronous or asynchronous deployment, based on PSS/SSS

· Time-domain IC for asynchronous network is too complex to be considered

· It can be difficult/unreliable to detect from a weak PSS/SSS

3. Detect CP length (normal or extended) for each neighbor cell, again based on PSS/SSS

· It can be difficult/unreliable to detect from a weak PSS/SSS

4. Detect system bandwidth for each neighbor cell, based on PBCH detection/decoding (e.g., with PBCH-IC). System BW information will be used in determining the CRS sequence length, RBG or PRG information related to RA granularity, and RB gap value for DVRB. 

5. Detect MBSFN pattern

· CRS’s presence depends on MBSFN and non-MBSFN subframe which must be detected/known, but detection can be difficult and unreliable. 

6. For each of the “significant” neighbor cells, and regardless of the TM of the desired PDSCH, detect on a per-PRB (or PRB ) basis 

· Whether there is any interference in DMRS-based TMs, based on possible DMRS sequences corresponding to the cell ID under test

· Detect DMRS ports (i.e., spatial streams) and the modulation order of each detected spatial stream, for “on” interference PDSCH on each PRB-pair 

· For TM8/9 with DCI format 2B or 2C, the possible DMRS sequences at each antenna port are determined by cell-ID and  nSCID (0 or 1) 
· For TM10 with DCI format 2D, the possible DMRS sequences at each antenna port are determined by one of two higher-layer configured values of virtual cell ID 
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(i=0 or 1 as indicated by nSCID)
· 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 also needed.  
· In the case of TM7, detection can be based on antenna port 5. Note that detection must be on a per-PRB basis in the case of DVRB, as opposed to PRB-pair basis in the case of LVRB or TM8/9/10. 

· Whether there is any interference in CRS-based TMs, based on interference data REs instead of the always-on CRS

· Detect TxD, Large delay CDD, TM4/6 PMI and RI, and modulation order of the one or two data layers, in the case of CRS-based TMs if detected as “on” interference on each PRB (or minimal RA granularity) 
· 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.
· Determine the one or more dominant interference PDSCH to be cancelled

7. Perform CRS-IC

· CRS presence depends on MBSFN and non-MBSFN subframe which must be detected/known, but detection on weak cells can be difficult and unreliable. 

8. Detect CFI if desired or always start IC from the fourth OFDM symbol

· If CFI is not coordinated and known, UE may choose to detect CFI from interference PCFICH or always start IC at the 4th symbol
· Note that CFI carried by PCFICH of a neighboring cell may be detected, but reliability and complexity are of concern.

9. Detect whether CSI-RS is present for each neighbor cell or ignore CSI-RS
· CSI-RS sequence and transmission are UE-specifically configured, which makes the detection very difficult, if feasible
10. Perform IC on the indentified one or more dominant interference 
· Including CRS-IC
· Including CSI-RS IC if needed
In practice, UE must detect one or more dominant “on” interference PDSCH based on a list of neighbor cells, the corresponding transmission mode(s), rank(s), equivalent channel(s), and modulation order(s). With potentially serveral cells to test and a large number of hypotheses of transmission parameters, detection error will be common, especially if the interference is not as strong as the serving cell.    

Proposal #2: RAN4 should discuss and agree on a set of receiver tasks that a UE must perform in a typical operation condition when evaluating blind detection performance. 
A more detailed discussion is provided in the next section on those detection tasks based on related higher layer signaling assumptions for which refer to [4].
3. Blind detection processing to be considered in simulations
In RAN4 simulation, the cell IDs are predefined (i.e., cell ID=0, 6, 1, for serving cell, I1 and I2, respectively). In practice, UE needs to start from a list of potential interference cell IDs and detect whether there may or may not be any interference PDSCH transmission that will be of significance for interference cancellation. The more potential interference cells, the more likely detection error will occur. For simplicity, we can assume there are only two interference cells that UE will process. However, the strongest interference cell I1 is currently always the one with colliding CRS. It will not be the case in reality. 

Proposal #3: RAN4 should consider both the case that I1 has colliding CRS and the case with non-colliding CRS.

RAN4 agreed in [3] that for evaluating blind detection performance the receiver still must detect the presence/absence of interference even under the “known” simulation condition. Note that it is possible that the second interference can become the strongest interference when dynamic on/off of interference is modeled in phase-2.     
The current simulation assumes the network is symbol/slot/SFN synchronized with the same CP length. The number of CRS ports is also assumed known at the UE currently and there is no blind detection assumed here. Further performance loss is expected if they are required to be blindly detected. If the UE decides that the network is not synchronized or CP length is not the same, UE may decide not to apply IC or have to apply the IC in the time domain with much higher complexity. Cell IDs, symbol and slot synchronization, and CP length are all detected via PSS/SSS processing cell. CRS port detection can be based on PBCH decoding or just to detect the presence of antenna port #2 and #3. In the latter case UE also need to detect/know the MBSFN pattern. Detection of a serving cell is typically not a problem. But reliable detection of weaker neighbor cells can be problematic. 
Proposal #4: UE should include the detection of the following parameters in performance evaluation if signalling is not provided on cell-ID, antenna ports, MBSFN pattern, CP length, and an indication that the cell can be considered as synchronized with the serving cell in terms of OFDM symbol timing and frequency and also slot and SFN aligned. 

Cell specific ratio ρB/ρA is set to “1” in phase-1 evaluation. ρA depends on 2 or 4 CRS ports, δpower-offset which is 0dB except for MU-MIMO in TM 5, and a UE specific parameter PA which can take eight values (i.e., {-6, -4.77, -3, -1.77, 0,1,2,3}dB). Company results have shown significant performance degradation if all the eight values are allowed. Therefore, a subset restriction of PA is very necessary if it does not cause any scheduling limitation in practice. The size of the subset can be 2 or 3. It is also necessary to state in the specification that the subset is also applicable even if QPSK is used.
Proposal # 5: Blind detection performance can be evaluated under a single PB value and 2 or 3 PA values (i.e., a subset of all 8 values). RAN4 could ask RAN1 if there is any system performance impact from the subset restriction and if they can be applicable to QPSK as well.  

UE has to make all the detections for each basic resource allocation unit. To detect DMRS-based TM, UE can only use DMRS (not data REs), regardless if the serving cell PDSCH is also in DMRS-based TM or not (if yes, DMRS will collide). Antenna ports 7/8/9/10 all correspond to 12 DMRS across a PRB-pair, so the UE can use one PRB-pair. But port #5 in TM7 can have DVRB, which means PRB-based detection must rely on only 6 DMRS if we don’t know the DVRB to PRB mapping.

It is important for the UE to access at least a PRB-pair for blind detection, which is the case except when DVRB is used. DVRB is supported in DCI format 1A which is a fall-back DCI format for all TMs, 1B which is used only in TM6, 1C which is for very compact scheduling for paging and SIB for example, and 1D which is used only in TM5. A set of PRB-pairs can be shared between one or more pairs of UEs as DVRBs, and the rest of the PRB-pair can still be allocated as LVRB. DVRB is mainly used for small amount of data (e.g., VoIP) that fits within two PRBs but still wishes to exploit some frequency diversity. 

If all the PRBs are used as DVRB, UE needs to know the gap value to figure out the mapping to PRB. But the gap value can be dynamically chosen between two values when system BW>=50PRB (otherwise it is a fixed known value). For DVRB, the eNB needs to always choose one of the two gap values. 
In the case of RA type 0, the RA granularity is a RBG which is 1/2/3/4 PRB-pairs depending on the system BW. However, DCI formats that use RA type 0 also can indicate RA type 1 which supports the use of a subset PRB within a RBG. Basically the UE cannot assume the availability of the entire RBG if RA type 1 is used. Limiting the eNB to always use RA type 0 may not be desirable. Moreover, RA type 2 will also force UE to limit to process on each PRB-pair or PRB basis. Other than RBG, PRB bundling under TM9/10 can be very useful where UE can process 2 or 3 PRBs as a unit. However, if the allocation is just one PRB pair or the remaining PRB is smaller than PRG, UE still has to deal with 1 PRB-pair processing. 

Even though UE must always prepare for blind detection within 1 PRB-pair and it can be hard for eNB to guarantee a coarser granularity, RAN4 has agreed to additionally evaluate the case with 1 subband resource allocation granularity, which can still provide useful observation.
Proposal # 6: UE should have at least 1 PRB pair for blind detection, which means either LVRB is always used, or DVRB is always used with Ngap fixed to either Ngap,1 or Ngap,2 (when system BW>=50 PRB). RAN4 should discuss the situation if such condition is not guaranteed via signaling. 
A typical UE blind detection needs to decide the one or more interference PDSCHs for cancellation, corresponding to one or more cells detected from all possible neighbors, as well as the corresponding TM and associated parameters. In the simple example below, we can see there can be 64 tests, on a per PRB-pair basis for each 2-Tx neighbor cell 

· Interference PDSCH presence or not (1 test)

· Antenna port 7/8 channel for nSCID=0 or 1 and modulation of each layer assuming not joint MOD test in case of 2 layers (4x3=12 tests)

· TxD and modulation order (QPSK/16QAM/64QAM) (3 tests)
· Large delay CDD and modulation order for the two layers assuming joint MOD test (3x3=9 tests)

· Rank-1 PMI and modulation (4x3=12 tests)

· Rank-2 PMI and modulation order assuming joint test (3x3x3=27 tests)
To reduce the performance degradation due to erroneous detection, reducing the number of hypothesis will be very important, which seems reasonable without actually incurring material loss of scheduling flexibility. Possible TM subset restriction includes: 

1. TM2 (TxD) and TM3 (large delay CDD + TxD)
2. TM4 (rank 1 or 2 with PMI) with TM6 (rank-1) as the degenerated case. TxD can still be used as a fall-back scheme in TM4/6 when DCI format 1A is used. 

· TM4 rank-2 has comparable precoding property to large delay CDD, i.e., no strong benefit to have to use TM3 if TM4&6 plus TxD can be used. 
3. TM8/9/10 (rank-1 or 2). Again TxD can be used as a fallback scheme.
· If TM8/9/10 is desired due to advantage of unconstrained precoding, it seems these DMRS based transmission is preferred over TM4/6. Hence this TM subset can be used for all users.

Other than TM2/3, all other TMs can correspond to either PMI-based or non PMI-based (i.e., DMRS) precoding. In fact, all the RAN4 evaluation thus far and RAN1 system level study have been assuming all the UEs in a cell have the same type of precoding which is also the same across all the cells in the network. However, it can be expected that, as newer TMs (like TM9/10) get deployed that are not supported by legacy UEs, we may see a mixture of both precoding schemes in a cell. The scenarios of “mismatch” TMs will more likely happen too and need to be evaluated (e.g., TM2/3/4/6 in serving cell and TM8/9/10 in a neighbor cell and vice versa).   
Proposal # 7: RAN4 evaluation can first focus on the following three subset restrictions that most likely reflect the practice in actual deployment. It can be important to investigate performance under mixture of both PMI-based and non-PMI based precoding schemes in a cell and under “mismatch” TMs (e.g., TM2/3/4/6 in serving cell and TM8/9/10 in a neighbor cell and vice versa). 
4. TM2 (TxD) and TM3 (large delay CDD + TxD)

5. TM4 (rank 1 or 2 with PMI) with TM6 (rank-1) as the degenerated case, where TxD can still be used as a fall-back scheme. 

6. TM8/9/10 (rank-1 or 2) where TxD can be used as a fallback scheme.
Proposal # 8: PMI/RI subset restriction is for sure needed for 4-Tx eNBs. It requires careful study in RAN4 on candidate subset restrictions under which blind detection is feasible in complexity and performance is acceptable.  
Proposal # 9:  Configuration information for all the CSI-RS (ports and offset/periodicity and 
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if configured) could be higher-layer signaled to the UEs in the case of TM10. 
Proposal # 10:  A subset of virtual cell IDs must also be signaled in case of TM10. The exact size of the subset needs further study in RAN4 (a starting point to consider is 2 virtual cell IDs, similar to the two nSCID values allowed in TM9).
RAN4 evaluation so far has assumes the same CFI for all cells. The alignment of PDSCH region can simplify the receiver processing since NAICS can be applied to all data REs in the PDSCH. Otherwise, NAICS can only be applied starting from the 4th symbol and apply baseline MMSE-IRC on the previous PDSCH-carrying symbols. 
Proposal # 11:  Misaligned CFI must be evaluated in RAN4. 
4. Conclusion

In this contribution, we discussed the typical UE tasks that should be conducted in simulations so that blind detection performance can be evaluated more realistically. We have the following particular proposals in order to company observations on blind detection complexity and performance:
Proposal #1: RAN4 should first agree that it is infeasible to require the UE to obtain the dynamic scheduling parameters by decoding the interference PDCCH associated with the interference PDSCH, or to obtain the UE-specific higher-layer configurations by detecting and decoding the interference PDSCH that potentially carries RRC messages.
Proposal #2: RAN4 should discuss and agree on a set of receiver tasks that a UE must perform in a typical operation condition when evaluating blind detection performance. 

Proposal #3: RAN4 should consider both the case that I1 has colliding CRS and the case with non-colliding CRS.

RAN4 agreed in [3] that for evaluating blind detection performance the receiver still must detect the presence/absence of interference even under the “known” simulation condition. Note that it is possible that the second interference can become the strongest interference when dynamic on/off of interference is modeled in phase-2.     

Proposal #4: UE should include the detection of the following parameters in performance evaluation if signalling is not provided on cell-ID, antenna ports, MBSFN pattern, CP length, and an indication that the cell can be considered as synchronized with the serving cell in terms of OFDM symbol timing and frequency and also slot and SFN aligned. 

Proposal # 5: Blind detection performance can be evaluated under a single PB value and 2 or 3 PA values (i.e., a subset of all 8 values). RAN4 could ask RAN1 if there is any system performance impact from the subset restriction and if they can be applicable to QPSK as well.  

Proposal # 6: UE should have at least 1 PRB pair for blind detection, which means either LVRB is always used, or DVRB is always used with Ngap fixed to either Ngap,1 or Ngap,2 (when system BW>=50 PRB). RAN4 should discuss the situation if such condition is not guaranteed via signaling. 

Proposal # 7: RAN4 evaluation can first focus on the following three subset restrictions that most likely reflect the practice in actual deployment. It can be important to investigate performance under mixture of both PMI-based and non-PMI based precoding schemes in a cell and under “mismatch” TMs (e.g., TM2/3/4/6 in serving cell and TM8/9/10 in a neighbor cell and vice versa). 

1. TM2 (TxD) and TM3 (large delay CDD + TxD)

2. TM4 (rank 1 or 2 with PMI) with TM6 (rank-1) as the degenerated case, where TxD can still be used as a fall-back scheme. 

3. TM8/9/10 (rank-1 or 2) where TxD can be used as a fallback scheme.

Proposal # 8: PMI/RI subset restriction is for sure needed for 4-Tx eNBs. It requires careful study in RAN4 on candidate subset restrictions under which blind detection is feasible in complexity and performance is acceptable.  

Proposal # 9:  Configuration information for all the CSI-RS (ports and offset/periodicity and 
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if configured) could be higher-layer signaled to the UEs in the case of TM10. 

Proposal # 10:  A subset of virtual cell IDs must also be signaled in case of TM10. The exact size of the subset needs further study in RAN4 (a starting point to consider is 2 virtual cell IDs, similar to the two nSCID values allowed in TM9).

Proposal # 11:  Misaligned CFI must be evaluated in RAN4. 
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