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1 Introduction

In RAN4#72 meeting one new aspect related to test scenario on PDCCH load was raised in [1] and [2]. Also there is concern on the blind detection of PDSCH starting position when the interfering cell is configured with TM2 which could have the same interference property on PDCCH and PDSCH.
In this contribution we tempt to list all issues related to PDCCH for the blind detection of NAICS receivers and analyse the impact in order to target proper test scenarios for NAICS.
2 PDCCH load
The PDCCH load and the number of OFDM symbols used for PDCCH (CFI) are configured by the network. When the PDCCH load is completely full or almost empty in the NC the impact on the NAICS gain can be expected to be different as shown in [1] and [2] when there is full load and almost empty load for different number of CFI. 
But from a system level point of view the PDCCH load is linked with CFI but not completely isolated. It can be assumed to have low load with CFI=1 or high load with CFI=3. The extreme case with low load but still scheduled with CFI=3 rarely happens in reality which is taken as poor usage of system resources. Under NAICS WI the present interference from NC could give negative impact on the blind detection so it’s important to have a relatively conservative consideration to make sure the resulted NAICS gain is not optimistic comparing to practical scenario. So in the test scenarios for NAICS we should consider with full load for NC PDCCH.
Proposal 1: Configure full load PDCCH on NC for NAICS performance test scenarios.

3 BD of PDSCH start with TM2 on NC
As there was no consensus on the signaling of CFI so the BD of PDSCH start is a must. It is pointed out in [3] under the scope of blind detection it should include a mechanisim to detect the PDSCH start with the results shown for TM4. As indicated in [3] one option to detect CFI is to depend on NC PCFICH decoding. But when it’s under CA deployment with cross carrier scheduling SCell control region may not have any PCFICH to be decoded, so we would prefer to have the other option on BD of PDSCH start based on data covariance as a universal solution to all scenarios.

As stated in [4] the NC interference model should include a dymaically changing CFI so it can guarantee the BD of PDSCH start. And it’s important the BD of PDSCH start will be based on a universal solution that could work for all scenarios including CA with cross carrier scheduling.
Proposal 2: BD of PDSCH start should be based on a universal solution working for all scenarios.
However one certain was raised when the NC is configured with TM2 and QPSK the data covariance of PDCCH and PDSCH could share the same property so the detection of CFI may have very high detection error rate. 
Figure 1 shows the TP results for SLIC based on mixed TM= [2 2 2], CRS AP= [2 2 2], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile with Scenario 1 with full load CFI=2 for NC where the full blind detection, the genie detection and the blind detection assuming conservative CFI=3 are shown together with the baseline curve as IRC. Figure 2 shows the BD error rate on all parameters detected blindly as the blind detection is based on joint blind detection of system parameters including Pa values, TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and PDSCH starting point as indicated in [3].
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Figure 1 TP for SLIC TM= [2 2 2] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1]
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Figure 2 BD error rate for SLIC TM= [2 2 2] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1]

In all simulations in this contribution the CRS-IC is assumed based on the agreement that CRS-IC should be taken as one of the NAICS functionalities. Also all simulations shown are using Phase 1 scenario and the strongest interferer with colliding CRS.
From the results it can be seen comparing to results with TM4 shown in [3] there are still considerable good gain achieved for TM2. Even the BD error rate on CFI is much higher in TM2 as 40~60% comparing to almost 0% in TM4 the TP performance keeps on the same good level. This is due to the fact PDCCH and PDSCH share the same property when it’s TM2 with QPSK so even the CFI detection is wrong the NAICS receivers still do the cancellation on PDCCH taking it as PDSCH so the TP performance is still with very good NAICS gain. The observations are summarized as below.
Observation 1: With TM2 configured in NC with QPSK the relative TP gain with SLIC receiver is as good as TM4 configured in NC scenario. 
Observation 2: Even with high error detection rate on CFI under NC TM2 QPSK, NAICS receivers still do the cancellation on PDCCH taking it as PDSCH so the TP performance is still with very good NAICS gain.

Observation 3: With conservative CFI when under wrong CFI assumption the NAICS gain for NC TM2 QPSK scenario is more than 0.5dB worse comparing to the full blind detection.
Observation 4: With TM2 configured in NC with QPSK, the joint blind detection of system parameters including Pa values, TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and PDSCH starting point (CFI) can achieve comparable gains with 1PRB pair based blind detection as the blind detection applied to TM4 configured in NC scenario. 
In order to keep the BD gain it’s important to set up real PDCCH with Tx diversity property instead of using OCNG which is simply QPSK without Tx diversity on the REs. Also with the observations above we propose the following.
Proposal 3: Configure real PDCCH with Tx diversity property instead of OCNG on NC for NAICS performance test scenarios.

4 Impact of interference level for SC PDCCH decoding

Under Phase 1 scenarios the 80%-tile I1/Noc is one of the important scenarios during the SI and WI phase to study the NAICS gain under very high interference level. However one important aspect that was not discussed before is under such high level of interference the SC PDCCH/PCFICH may suffer bad performance, so that the PDSCH won’t be decoded if the UE fails to read PDCCH/PCFICH.

Figure 1 shows SLIC receiver performance based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1] 5-25% geometry level, RU=40%, I1/Noc@80%tile Scenario 1 with genie and blind detection of NAICS receiver with ideal PDCCH/PCFICH decoding and practical PDCCH/PCFICH decoding where the PDSCH scheduling is depending on a successful PDCCH/PCFICH decoding. Figure 2 shows the BLER of SC PDCCH/PCFICH decoding under such high interference level as I1/Noc=13.91dB, I2/Noc=3.34dB.
It can be seen due to very high level of interference the SC PDCCH/PCFICH has high BLER and 1/3 of the total NAICS gain is eaten up by the failing of PDCCH/PCFICH decoding. It’s justified to conclude that the NAICS test should focus on reflecting the mitigation of interference on PDSCH but not the performance of PCFICH/PDCCH in SC.
Observation 5: 1/3 NAICS gain is lost under high interference level with 80%-tile I1/Noc due to decoding failing on SC PDCCH/PCFICH.

In order to have more practical operational scenario it’s not preferable to define test with such high interference level as also indicated in [5].

Proposal 4: Don’t use very high interference level with 80%-tile I1/Noc for NAICS performance test scenarios.
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Figure 3 TP for SLIC TM= [4 4 4], CRS= [2 2 2], MCS= [5 5 5], RI= [1 1 1], I1/Noc=13.91dB, I2/Noc=3.34dB
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Figure 4 BLER of SC PDCCH/PCFICH decoding under I1/Noc=7.77dB, I2/Noc=2.29dB

5 Conclusions

In this contribution we provide analysis with simulation results on all PDCCH related issues for NAICS test setup. Our observations and proposals are summarized below.

Observation 1: With TM2 configured in NC with QPSK the relative TP gain with SLIC receiver is as good as TM4 configured in NC scenario. 
Observation 2: Even with high error detection rate on CFI under NC TM2 QPSK, NAICS receivers still do the cancellation on PDCCH taking it as PDSCH so the TP performance is still with very good NAICS gain.

Observation 3: With conservative CFI when under wrong CFI assumption the NAICS gain for NC TM2 QPSK scenario is more than 0.5dB worse comparing to the full blind detection.

Observation 4: With TM2 configured in NC with QPSK, the joint blind detection of system parameters including Pa values, TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and PDSCH starting point (CFI) can achieve comparable gains with 1PRB pair based blind detection as the blind detection applied to TM4 configured in NC scenario. 
Observation 5: 1/3 NAICS gain is lost under high interference level with 80%-tile I1/Noc due to decoding failing on SC PDCCH/PCFICH.

Proposal 1: Configure full load PDCCH on NC for NAICS performance test scenarios.

Proposal 2: BD of PDSCH start should be based on a universal solution working for all scenarios.
Proposal 3: Configure real PDCCH with Tx diversity property instead of OCNG on NC for NAICS performance test scenarios.

Proposal 4: Don’t use very high interference level with 80%-tile I1/Noc for NAICS performance test scenarios.
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