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1. Introduction
Support for 4 Tx antenna configurations has been a key feature of LTE since Rel-8, and so it is essential to ensure that NAICS is compatible with antenna configurations using more than 2 antennas.  Failure to do so could jeopardize the ability of operators to grow the capacity of their networks by upgrading to more than 2 Tx antennas, or equivalently degrade the attractiveness of the NAICS feature by restricting its use to 2 Tx deployments.  

In this contribution, we discuss the effort to support 4 CRS ports in RAN1 and RAN2 specifications as well as the blind detection complexity and performance impacts.  Because codebook subset restriction could be used to improve blind detection complexity and/or performance, we also augment the system simulation results of [1] with new results that compare the performance of 4 CRS ports with and without codebook subset restriction.
2. Specification Impact of 4 CRS Ports

One common driver for NAICS in all TMs is the interference rank the UE should attempt to cancel or suppress.  In our understanding, RAN4 have agreed that Rel-12 NAICS functionality supports up to a rank 2 interfering PDSCH.  Therefore, blind detection needs only to support rank 1 and 2.  Since TMs 3, 4, 9, and 10 have more than rank 2, NAICS assistance signaling should indicate that at most 2 spatially multiplexed layers are used on interferers with these TMs.
Observation:

· Rel-12 NAICS supports up to rank 2 interfering PDSCH.

In order to cancel an aggressor PDSCH, the UE should detect (‘blindly decode’) the precoding matrix and rank used to transmit the PDSCH as well as the transmission mode.  In order to be able to blindly decode the precoding matrix, the UE must in some way determine the number of CRS ports.  This could be done by decoding the aggressor PBCH, blindly detecting the aggressor cell’s CRS, or through assistance signaling. Existing signaling for CRS-IC already supports indicating 4 port CRS configurations on aggressor cells.  Therefore, whether the number of CRS ports is blindly detected or signaled, there is minimal specification impact.

RAN1 is discussing the possibility of codebook subset restrictions for blind detection (e.g. in [2]).  As discussed in section 4 below, this can have some small specification impact, since Rel-8 codebook subset restriction signaling can be straightforwardly extended.

Observations:

· Determining the number of CRS ports that interferers use will have little RAN1/2 specification impact.

· UEs can straightforwardly determine the number of CRS ports without assistance signaling.

· If signaling is needed, Rel-11 CRS-IC signaling can be used to indicate the number of CRS
· If codebook subset restriction is specified, it will also have limited specification impact

· Rel-8 signaling can be straightforwardly extended.

It should also be noted that networks using 4 CRS ports may not use 4 CRS ports on every cell.  Consequently, NAICS receivers need to maintain their gains when the number of CRS ports varies between transmitters.  

Observations:

· Interfering transmissions can use 1, 2, or 4 CRS ports

· NAICS signalling should support cases where the number of CRS ports varies between transmitters

Proposal: 

· NAICS functionality supports 1, 2, and 4 CRS ports

· Including mixed CRS port deployments, i.e. different number of CRS ports for different cells
· The signaling can indicate the UE may assume that TM 3, 4,  9, and 10 PDSCHs have at most 2 spatially multiplexed layers
· This does not preclude a UE from assuming a PDSCH uses 4 layer spatial diversity
3. Blind Detection Complexity and Performance Impacts
The only significant concern with the use of 4 CRS ports could be the blind detection performance or complexity impact of the larger number of CRS ports.  Since performance and complexity impacts differ among the CRS based transmission modes, we consider TMs 2, 3, and 4/6 in separate subsections below.  
TM2
Since 4 CRS port transmission uses a pair of SFBC transmissions mapped to independent subcarriers, receiving 4 CRS ports on a given number of subcarriers in TM2 has about the same complexity as receiving 2 CRS ports on that number of subcarriers.  This structure also means that blind detection of the presence of TM2 is about the same between 2 and 4 CRS ports in terms of both complexity and performance.

Observation:

· Blind detection of the presence of TM2 is about the same between 2 and 4 CRS ports in terms of both complexity and performance.

TM3

Transmission mode 3 is only used for rank ≥ 2 transmission on 4 CRS ports.  Assuming that Rel-12 NAICS supports up to rank 2 interfering PDSCH, the UE must blindly detect among 2 PMI matrices.  Since only rank 2 transmission of a small number of real valued PMI matrices (from the 4 CRS codebook, and so having unit magnitude and nested properties) is needed, rank and PMI detection performance should be good in the conditions where the interferer is strong enough for NAICS to effectively suppress rank 2 interferers.  Furthermore, as discussed in [3], blind detection of the 2 rank 2 PMI matrices in TM3 has little complexity impact.  Also, the blind detection complexity of the presence TM3 itself should be the same for 2 and 4 CRS ports, since Rel-12 NAICS functionality assumes a maximum of rank 2.  We would further add that 4 CRS port TM3 may not be the most essential TM configuration for NAICS to suppress, since it would normally be configured for a limited number of interfering UEs in good channel conditions but with insufficient channel information to allow channel tracking precoding to be used.
Observations:

· Blind detection of rank, PMI, and the presence of TM3 has a small complexity impact.

· 4 CRS port TM3 may not be the most essential TM configuration for NAICS, since the scenarios under which it is used are more limited.

· 4 CRS port TM3 only supports rank ≥ 2, and is useful when channel tracking precoding is not feasible.

TMs 4 & 6
Blind detection complexity for TM4 and TM6 is addressed in our companion paper [3], where we show that 4 CRS ports should take up at most about 30% more effort than 2 CRS ports to blindly decode PMI and/or detect rank.  Note that this estimate is conservative and derived without considering any implementation optimization which would considerably reduce the additional complexity of 4 CRS ports blind detection.  Considering that there are many other functions needed to support NAICS (including more advanced interference rejection combining, joint detection, and/or successive interference cancellation), it seems unlikely that there will be much net complexity impact from the increase in blind detection complexity.  
Since the 4 CRS port codebook has more PMI hypotheses to test than the 2 CRS port codebook, blind detection performance could also be a concern.  In [4], we found that the blind detection performance was generally within a few tenths of a dB of genie aided detection.  Therefore, we do not see a blind detection performance impact from the use of 4 CRS ports for TM4/6.
Observations:

· Blind detection performance and complexity of TMs 4 & 6 with 4 CRS ports is comparable to 2 CRS ports.

4. Codebook Subset Restriction

In case RAN1 does decide that there are concerns with 4 CRS port blind detection performance or complexity, then this could be solved by applying codebook subset restriction.  As discussed in [3], the main driver for complexity is the total number of PMI and rank hypotheses.  A secondary driver could be the 
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 scaling factor used in the 4 CRS port codebook.

While it is our understanding that 4 CRS blind detection performance is not a concern, if performance were to drive the design, then the eNB can use the Rel-8 codebook subset selection mechanism to select a subset with improved distance properties (as a function of eNB antenna configuration).  The same subsets as in Rel-8 could be indicated, and the determination of the subsets to signal to the UEs can be left to eNB implementation.  

If UE blind detection complexity drives the design, the number of elements in the codebook subset should be limited to some maximum value.  If at most 6 PMIs are used over both ranks, then the complexity could be close to that of the 2 CRS codebook.  However, a codebook this small will have degraded performance, as shown in the simulation results below.    

The complexity could at least in theory be improved by eliminating the 4 PMIs with the 
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 scaling factor.  In such a case, the eNB would be restricted from using these PMIs.  Since support for the Rel-8 codebook is likely to be well optimized in UEs by now, it is doubtful that removing this scaling factor would improve complexity much in of itself.  Therefore, if the 4 PMIs with the 
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scaling factor are to be removed, they would be removed in addition to other PMIs selected by eNB implementation until the size of the restricted codebook was small enough to reach the target complexity.
We note that a codebook subset should in general be the same for all UEs served by a cell, since it is driven by eNB antenna configuration.  This also means that a UE being interfered with by a cell can expect that cell to use the same subset when serving any of its UEs, and so a UE can use one subset restriction per interfering cell.  Therefore, the subset restriction can be signaled per cell.
Finally, we see no need to signal subset restriction for interfering cells using 2 CRS ports, since there have been no performance or complexity concerns raised.

Proposals:

If subset restriction is specified for NAICS UEs,
· NAICS assistance signaling will indicate that an interfering cell will transmit using a restricted codebook subset based on Rel-8 codebook subset restriction
· Ranks 3 and 4 are excluded
· The codebook subset size is strictly limited, targeting reduced blind detection complexity
· FFS if certain PMIs are excluded
· Subset restriction is not specified for 2 CRS port interfering cells.

5. Simulations and Discussion
Since there have been proposals to use subset restriction for 4 CRS ports, we examine the performance with subset restriction to see when the performance of the NAICS receivers (with subset restriction) can be maintained over the baseline Rel-11 MMSE-IRC receiver.  Two types of NAICS receivers are considered: the E-IRC receiver and the SLIC receiver [5].  To evaluate the performance with codebook subset restrictions, system level simulations were performed in the downlink with the assumptions of transmission mode 4 and 4 CRS antenna ports.  The remaining simulation conditions may be summarized as follows:
· Scenario 1 with simulation assumptions in accordance with [5] and with 4Tx/2Rx (cross-polarized, ½ wavelength spacing)

· The link to system modeling from Section 9.1.5.3 in [5] (i.e. Alternative 3)

· Link adaptation based on CSI feedback (Mode 3-1, 5ms), adjusted with OLLA, CSI calculated prior to cancellation/suppression

· Proportional fair TDM scheduling and FTP file packets of 0.1Mbyte.

· A single interferer is cancelled
· Genie aided knowledge of interferer parameters (i.e., no blind detection is considered here for simplicity). (Note: blind detection of TM4 parameters with 4 Tx antennas is discussed in a companion RAN4 paper [4]).
To evaluate the performance impact of subset restriction, we choose 5 different subset restriction cases with various numbers of rank 1 and rank 2 PMIs as shown in Table 1.  
Table 1.  Subset Restriction Cases for Impact Study
	Subset Restriction Case Number
	Rank 1 Subset Restriction Size
	Rank 2 Subset Restriction Size

	1
	12
	4

	2
	8
	4

	3
	4
	4

	4
	12
	12

	5
	12
	8


The mean user bit rates over varying served traffic values are considered for E-IRC and SLIC receivers.  The performance of these 2 NAICS receivers is compared to the performance of the baseline MMSE-IRC receiver.  The mean user rate gains achieved by the two NAICS receivers (with and without subset restriction) are summarized in Table 2 and Table 3.  From the tables, we see that subset restriction using 16 to 24 total PMIs (i.e. cases 1 and 4) loses around 5% down to 1% throughput gain over MMSE-IRC.   
Observation: 1.3x-2x reduction in total codebook size is possible with 1-5% downlink throughput degradation.

Table 2.  E-IRC percentile mean user rate gains over baseline MMSE-IRC for subset restriction cases 1-3
	Served Traffic (Mbps/km2)
	E-IRC No Restriction
	E-IRC Case 1
	E-IRC Case 2
	E-IRC Case 3
	E-IRC Case 4
	E-IRC Case 5

	50
	2.6%
	0.0%
	-1.3%
	-3.4%
	2.3%
	1.3%

	75
	6.7%
	3.0%
	2.1%
	-2.1%
	6.4%
	4.9%

	100
	14.1%
	9.3%
	7.0%
	0.4%
	13.0%
	11.1%


Table 3.  SLIC percentile mean user rate gains over baseline MMSE-IRC for subset restriction cases 1-3
	Served Traffic (Mbps/km2)
	SLIC No Restriction
	SLIC Case 1
	SLIC Case 2
	SLIC Case 3
	SLIC Case 4
	SLIC Case 5

	50
	3.4%
	0.0%
	-1.3%
	-2.9%
	2.3%
	1.3%

	75
	8.2%
	3.7%
	2.4%
	-1.2%
	6.7%
	4.9%

	100
	14.8%
	9.6%
	7.4%
	0.7%
	13.3%
	11.1%


6. Conclusion
In this contribution, we presented simulation results that demonstrate the benefit of 4 Tx antennas with NAICS.  The results lead to the following observations and proposals:

Observations:

· Rel-12 NAICS supports up to rank 2 interfering PDSCH.

· Supporting 4 CRS ports will have little RAN1/2 specification impact

· Interfering transmissions can use 1, 2, or 4 CRS ports

· NAICS signalling should support cases where the number of CRS ports varies between transmitters

· Blind detection of the presence of TM2 is about the same between 2 and 4 CRS ports in terms of both complexity and performance.

· Blind detection of rank, PMI, and the presence of TM3 has a small complexity impact.

· 4 CRS port TM3 may not be the most essential TM configuration for NAICS, since the scenarios under which it is used are more limited.

· 4 CRS port TM3 only supports rank ≥ 2, and is useful when channel tracking precoding is not feasible.

· Blind detection performance and complexity of TMs 4 & 6 with 4 CRS ports is comparable to 2 CRS ports.

· A reduction in total codebook size of 1.3x-2x is possible with 1-5% downlink throughput degradation.
· If codebook subset restriction is specified,  Rel-8 signaling can be straightforwardly extended
Proposals: 
· NAICS functionality supports 1, 2, and 4 CRS ports

· Including mixed CRS port deployments, i.e. different number of CRS ports for different cells

· The signaling can indicate the UE may assume that TM 3, 4,  9, and 10 PDSCHs have at most 2 spatially multiplexed layers

· This does not preclude a UE from assuming a PDSCH uses 4 layer spatial diversity
If subset restriction is specified for NAICS UEs,

· NAICS assistance signaling will indicate that an interfering cell will transmit using a restricted codebook subset based on Rel-8 codebook subset restriction
· Ranks 3 and 4 are excluded
· The codebook subset size is strictly limited, targeting reduced blind detection complexity

· FFS if certain PMIs are excluded
· Subset restriction is not specified for 2 CRS port interfering cells.
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