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Introduction
NAICS support for 4 CRS APs has been discussed in the recent RAN1 email discussion [1] and in the previous RAN1 meetings.  Throughout these discussions, we emphasized our view that NAICS support should be extended to the 4 CRS AP deployments in order not to degrade the attractiveness of these deployments.  Since applying codebook subset restrictions could be used to control the tradeoff between blind detection complexity and performance of NAICS receivers in 4 CRS AP deployments, this contribution provides additional system level performance results on this topic.  These results augment our previous results reported in [2] and [3].  Note that more general discussion of 4 CRS ports and details of codebook subset restriction can be found in [4].
[bookmark: _Ref385840494]Codebook Subset Restriction
While in our understanding, blind detection performance and complexity of TMs 4 & 6 with 4 CRS ports is comparable to 2 CRS ports, in case there are still concerns with 4 CRS port blind detection complexity, codebook subset restriction could be applied to alleviate such concerns.  As discussed in [5], the number of PMI matrices a UE must blindly detect is a factor that determines the UE complexity for PMI detection.  Hence, if specified, codebook subset assistance signaling should limit the number of precoding matrices to a number less than 16 per interfering rank (or 32 for both rank 1 and rank 2).  It should be noted that this assistance signaling can be a straightforward extension of the Release-8 codebook subset restriction [2].

In our previous contribution [2], we presented system level results that reveal the impact of codebook subset restriction for 4 CRS port NAICS receivers.  It was found that for NAICS scenario 1, codebook size reductions of 1.3x-2x can be achieved with 1-5% reduction in mean user bit rates.  However, the results in [2] do not take into account any compensation for the mismatch between the reported CQI and the scheduled CQI.  In this contribution, we present new system level results that take into account partial compensation for the CQI mismatch and its impact on the performance of PMI subset restriction.

[bookmark: _Ref387145924]Simulations and Discussion
In this section, we compare the performance of the NAICS receivers (with subset restriction) to that of the baseline Release-11 MMSE-IRC receiver.  We present the results corresponding to the E-IRC and SLIC receiver [6].  In contrast to our results in [2], we present new results with partial compensation for the mismatch between reported CQI and the scheduled CQI.  The remaining simulation conditions may be summarized as follows:
· Scenario 1 with simulation assumptions in accordance with [6] and with 4Tx/2Rx and 2Tx/2Rx
· Transmission mode 4 with 2 and 4 CRS antenna ports and colliding CRS
· The link to system modeling from Section 9.1.5.3 in [6] (i.e. Alternative 3)
· Link adaptation based on CSI feedback (Mode 3-1, 5ms)
· CSI calculated prior to cancellation/suppression
· Partial compensation for the mismatch between reported and scheduled CQIs for NAICS and MMSE-IRC receivers
· Proportional fair TDM scheduling and FTP file packets of 0.1Mbyte
· A single interferer is cancelled / suppressed
· Genie aided knowledge of interferer parameters (i.e., no blind detection is considered here for simplicity; blind detection of TM4 parameters with 4 Tx antennas was discussed in our previous RAN4 paper [7]).

To evaluate the performance impact of subset restriction, we choose 5 different subset restriction cases (SRCs) with various numbers of rank 1 and rank 2 PMIs as shown in Table 1.  Also shown in Table 1 is the total codebook size reduction factor associated with each SRC.  It should be noted that codebook subset restriction is applied to NAICS receivers with 4 CRS antenna ports only.  No codebook subset restriction is applied to the cases with 2 CRS ports and the case with 4 CRS port MMSE-IRC receiver.


[bookmark: _Ref387241793]Table 1.  Subset Restriction Cases under Consideration
	SRC Number
	Total Codebook Size Reduction Factor
	Rank 1 PMIs
	Rank 2 PMIs

	1
	4
	{1, 2, 3, 8}
	{1, 2, 3, 8}

	2
	2.7
	{0, 1, 2, 3, 8, 9, 10, 11}
	{1, 2, 3, 8}

	3
	2
	{0, 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11}
	{1, 2, 3, 8}

	4
	1.6
	{0, 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11}
	{0, 1, 2, 3, 4, 5, 8, 9}

	5
	1.3
	{0, 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11}
	{0, 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11}




The mean user bit rates of the E-IRC and SLIC receivers for the different SRCs are considered over varying served traffic values.  Figure 1 shows the mean user rates associated with the E-IRC and SLIC receivers under different SRCs.  Also shown in the figure are the performance of the two NAICS receivers without subset restriction and the performance of the baseline MMSE-IRC receiver (the results for the case with 2 CRS ports are also shown for comparison).  From the figure, it is evident that the E-IRC and SLIC receivers with all SRCs notably outperform the MMSE-IRC receiver.  With a codebook size reduction factor of 4, the SLIC and E-IRC receivers respectively achieve 9-14% and 6-10% mean user bit rate improvement over MMSE-IRC.  Furthermore, mean user bit rate degradation due to codebook subset restriction can be limited to 1-3% when codebook reduction factors of 1.3-2 are employed.  Mean user bit rate gains achieved by the 4 CRS port NAICS receivers over the 2 CRS port case are also clearly evident from Figure 1.  The 4 CRS port SLIC receiver can achieve 21-45% mean user bit rate improvement over the 2 CRS port SLIC receiver.
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[bookmark: _Ref392581472][bookmark: _Ref392590829]Figure 1.  Mean user bit rate comparisons.


We next compare the cell edge user rates of E-IRC and SLIC with different SRCs in Figure 2.  The performance of the two NAICS receivers without subset restriction and the performance of the baseline MMSE-IRC are also included for comparison (the results for the case with 2 CRS ports are also shown for reference).  Consistent with the results in Figure 1, we see from Figure 2 that the E-IRC and SLIC receiver under all SRCs outperform the baseline receiver.  With a codebook size reduction factor of 4, the SLIC and E-IRC receivers respectively achieve 13-20% and 6-15% cell edge user bit rate improvement over MMSE-IRC.  Furthermore, cell edge user bit rate degradation due to codebook subset restriction can be limited to 3-5% when codebook reduction factors of 1.3-2 are employed.  Cell edge user bit rate gains achieved by the 4 CRS port NAICS receivers over the 2 CRS port case are also clearly evident from Figure 2.  The 4 CRS port SLIC receiver can achieve 15-82% cell edge bit rate improvement over the 2 CRS port SLIC receiver.
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[bookmark: _Ref392582807]Figure 2.  Cell edge user bit rate comparisons.


From the results in Figure 1 and Figure 2, the following observations can be made:

Observation 1: Mean user bit rate degradation due to codebook subset restriction for 4 CRS ports can be limited to 1-3% with codebook reduction factors of 1.3-2 in NAICS scenario 1.

Observation 2: Cell edge bit rate degradation due to codebook subset restriction for 4 CRS ports can be limited to 1-5% with codebook reduction factors of 1.3-2 in NAICS scenario 1.

Observation 3: 4 CRS port NAICS receivers with a restricted codebook having a total codebook size reduction factor greater than 2 can outperform the baseline MMSE-IRC receiver.


Based on these results, we make the following proposals:

Proposal 1: 4 CRS antenna ports should be supported in the NAICS Release-12 framework for TM4.

Proposal 2: PMI subset restriction for 4 CRS ports can be considered for NAICS assistance signaling.

Conclusion
In this contribution, we presented system level results taking into account partial compensation for CQI mismatch and its impact on the performance of PMI subset restriction for 4 CRS port NAICS receivers.  The results lead to the following observations and proposals:

Observations:
1. Mean user bit rate degradation due to codebook subset restriction for 4 CRS ports can be limited to 1-3% with codebook reduction factors of 1.3-2 in NAICS scenario 1.
2. Cell edge bit rate degradation due to codebook subset restriction for 4 CRS ports can be limited to 1-5% with codebook reduction factors of 1.3-2 in NAICS scenario 1.
3. With partial CQI mismatch compensation, 4 CRS port NAICS receivers with a restricted codebook having a total codebook size reduction factor greater than 2 can outperform the baseline MMSE-IRC receiver.

Proposals:
1. 4 CRS antenna ports should be supported in the NAICS Release-12 framework for TM4.
2. PMI subset restriction for 4 CRS ports can be considered for NAICS assistance signaling.
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