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1 Introduction

In RAN4#71 meeting it was agreed in RAN4 to keep studying the following scenario for NAICS WI [1].

· RAN4 is continuing to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest:

· ZP and NZP CSI-RS configuration
· PDSCH starting OFDM symbol

· This signalling does not imply any restriction at the eNodeB
· QCL information if interference is TM10
· Interferer parameters granularity used for parameters blind detection
· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time.
· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network.
Among above parameters, one of the parameter which was discussed recently in [2] is the Quasi-Co-Location (QCL) assumption. In that contribution the UE has to consider an interfering transmission point that uses CoMP transmission. For CoMP the time and frequency cannot be decided directly from CRS, which can affect the channel estimation performance negatively. When the UE is in a CoMP set up, it receives QCL assumptions from its own cell including information on which CRS and CSI-RS resources can be considered as colocated to the DM-RS resource. The intention of such QCL assumption is to compensate potential time and frequency errors between transmission points which can affect the overall throughput.

In this contribution we continue discussing the need to acquire neighboring transmission point QCL information for a NAICS UE.

2 Simulation results
Under CoMP operation the UE estimates the timing difference and frequency difference between Transmission Points (TPs) by exploiting the quasi colocation information, i.e. CRS resources which can be considered to be quasi colocated to DM-RS with respect to frequency and CSI-RS resources which can be considered to be colocated to DM-RS with respect to timing. Hence CRSs and CSI-RS can be used to compensate for potential frequency and timing difference among TPs. In general, the UE has to estimate and compensate for timing and frequency error, in order to provide sufficiently good performance. However, under NAICS scenarios QCL information would be potentially needed for each neighboring cell and/or TP, and so the signaling overhead can be extensive. Hence, in the following we are evaluating and comparing the throughput performance when the timing and frequency error estimation is performed based on DM-RS rather than by exploiting the quasi colocation of CRSs or CSI-RSs.

In Rel-11 studies of QCL it was observed that using DMRS with a PRB granularity of 3 PRB pairs to estimate both time and frequency error can achieve good enough performance. Furthermore, these discussions considered serving TP operation, where performance with PDSCHs having high order QAM and/or SU-MIMO transmission is more relevant than for NAICS.  On the other hand, Rel-11 did introduce QCL of DMRS ports with CSI-RS and CRS ports, although it was at least for the majority of cases not really necessary.  Therefore, RAN4 is presently studying the benefit and complexity of QCL signaling specifically for NAICS applications. 
Figure 1 shows the TP results for SLIC based on TM=[4,9,9], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 with I1/No@50%tile. Figure 2 shows the TP results for SLIC with same condition except under I1/No@80%tile. The simulation is performed with a frequency error of 300Hz and a timing error of 2μs for the joint blind detection case and no frequency or timing error for the genie case with all parameters known. With the frequency and timing offset as configured it can be taken as the worst case scenario for CoMP operation.
In all simulations in this contribution the CRS-IC is assumed based on the agreement in [4] that CRS-IC should be taken as one of the NAICS functionalities.

All the simulations are using Phase 1 scenario with and the strongest interferer with colliding CRS. The blind detection is based on joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI).
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Figure 1 TP for SLIC TM= [4 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1] I1/No@50%tile for QCL
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Figure 2 TP for SLIC TM= [4 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1] I1/No@80%tile for QCL
From the results it can be seen with 3 PRB pairs for DMRS estimation the NAICS gain with SLIC receiver joint blind detection gives the same performance as the genie case while with 1 PRB pairs the performance loss can be up to 1dB compared to the genie case.
Observation 1: DMRS estimation for frequency and timing error based on 3 PRB pairs with SLIC receiver joint blind detection can achieve as good NAICS gain as genie case while 1 dB loss based on 1 PRB pair.

The current default assumption for blind detection is based on 1 PRB pair but a lot of companies have shown performance improvement with more PRB bundling in frequency domain. It was also agreed that “for Interferer parameters granularity used for parameters blind detection, RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network.” Comparing such PRB bundling information as a few bits overhead, which also can be used for general blind detection for other TMs, to the extensive QCL signaling it’s preferred to use this parameter instead of the QCL signaling for the DMRS based estimation of frequency and timing error for CoMP operation.

Also be noted that in Rel-11 the QCL related signaling is only designed for one serving cell but under NAICS WI when the interfering cells are considered to be cancelled up to 8 interfering cells (if we reuse the same number for CRS-IC in FeICIC in Rel-11) it means 8 times more signaling are needed for QCL information under NAICS WI. This can be taken as heavy overhead for the system. More detailed signaling proposals can be found in [6][7].
Proposal 1: Use DMRS to estimate neighboring transmission point frequency and timing error for CoMP deployment based on 3 PRB pairs blind detection granularity.

Proposal 2: No higher layer signaling of QCL is needed.  Instead PRB bundling information can be signaled to improve the performance for DMRS based frequency and timing error estimation.
3 Conclusions

In this paper we continue the discussion of how to estimate the frequency and timing error for the CoMP deployment with the following observations and proposals.

Observation 1: DMRS estimation for frequency and timing error based on 3 PRB pairs with SLIC receiver joint blind detection can achieve as good NAICS gain as genie case while 1 dB loss based on 1 PRB pair.

Proposal 1: Use DMRS to estimate neighboring transmission point frequency and timing error for CoMP deployment based on 3 PRB pairs blind detection granularity.

Proposal 2: No higher layer signaling of QCL is needed.  Instead PRB bundling information can be signaled to improve the performance for DMRS based frequency and timing error estimation.
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