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1. Introduction
In the 3GPP TSG RAN #71 meeting, the Study Item description on "Further enhancements to Coordinated Multi-Point Operation" was approved [1].
The main objective of the study item is to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes:

· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by the different transmission points in the single-user MIMO)

· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points

This contribution discusses Quasi-Co-Location (QCL) related issues in order to support non-coherent JT.  We did some measurements to investigate into the QCL issues in the indoor office environment.  Potential directions of study on QCL enhancements are also discussed and proposed. 
2. QCL support in the current specification
In the current specifications, QCL is defined to indicate the relationship of channel properties measured from DMRS and CRS/CSI-RS. The motivation of QCL assumptions for RS is to assist the PDSCH data demodulation and CSI measurement. It is well-known that the receiver performance is affected by timing/frequency offset significantly. For each TP, CSI-RS/CRS can be used to acquire the large-scale channel information. Then QCL is defined to indicate that a set of CSI-RS resources and the DMRS ports associated with the PDSCH are quasi co-located with respect to Doppler shift, Doppler spread, average delay and delay spread [2]. Specifically, four QCL parameter sets in PQI are configured by RRC signalling, with each of them indicating the associated CSI-RS resource configuration. Then two-bit PQI signalling carried in DCI is used to indicate one associated CSI-RS resource configuration dynamically for DMRS based transmission in a subframe.  Therefore, the current spec can support DMRS/PDSCH quasi co-located with one selected TP only in a subframe. Thus the current QCL assumptions cannot support non-coherent JT sufficiently.  For non-coherent JT, the UE receives data from multiple TPs simultaneously through non-coherent precoding.
3. QCL analysis based on measurements in indoor office environment 
In this section, we showed our measurement results to demonstrate the impact of QCL related large-scale channel statistics on the UE PDSCH demodulation performance in indoor office environment. We expect this is one of the major scenarios for non-coherent JT.  

3.1 Measurement Setup
The measurement was conducted in indoor office environment with 20 MHz TDD DL signal at 2.37 GHz carrier frequency. The DL transmission signals were generated by two small cells which were synchronized with over-the-air (OTA) sniffing. Small cell 1 transmitted PDSCH to a stationary UE, while small cell 2 only transmitted RS for the QCL related large-scale channel statistics measurement. The PDSCH transmission used spatial multiplexing scheme with fixed precoding matrix. The antenna configurations for both the small cells and UE were 2T2R. PDSCH re-transmission was not used in this measurement.
The measurement considered two deployment scenarios which have different distance between the sniffing small cells. The placement of the small cells and UE for these two scenarios are present in the Figure 1.
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(1a) Scenario 1
                                                     (1b) Scenario 2
Figure 1 Placement of the small cells and UE in the measurement scenarios
3.2 Measurement Results
In order to illustrate the impact of QCL assumptions on the PDSCH demodulation performance, the measurement results in Figure 2 compared the BLER results between the following two QCL assumption cases, where 
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 represents the MCS index [2] for PDSCH transmission. The CDF of timing and frequency offsets observed by UE are shown in the Figure 3. 
· Proper QCL assumptions
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· The QCL assumptions are based on the small cell which transmits PDSCH (i.e. Cell 2)
· Improper QCL assumptions
· The QCL assumptions are based on the small cell which transmits RS only (i.e. Cell 1)
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(2a) Scenario 1
 (2b) Scenario 2 

Figure 2  BLER vs MCS index (
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(3a) Scenario 1
(3b) Scenario 2
Figure 3 CDF of frequency and timing offsets deviation between two small cells
From the measurement results, we have the following observations:

· The QCL assumptions have impact on the PDSCH demodulation performance with the configured MCS. Furthermore, with the increasing of MCS level, there is more performance degradation due to the improper QCL assumptions. We analyze the performance loss from the following aspects:
· If the reference timing for single-FFT operation is based on the serving cell, and PDSCH is transmitted from another coordinating cell, there will be performance degradation when the UE does not compensate the phase offset caused by the timing offset between two cells after FFT processing.
· If there is frequency offset between two coordinating cells, and UE uses the reference signal from serving cell for frequency tracking, the frequency shift is hard to be compensated after FFT processing, which will incur the performance degradation. 
· The channel estimation filter coefficients derived from the long-term channel information obviously have impact on the accuracy of the channel estimation. As a consequence, the demodulation performance will be affected.   
· When the sniffing two small cells have longer distance, the improper QCL assumptions will cause more PDSCH performance degradation because of larger difference of the large-scale channel statistics between two QCL assumptions.  
· There is about 20% of cases with frequency offset larger than 100Hz.
· The range of timing offset deviation is in [-0.24, 0.30] us.  
Observation 1: The impact of QCL assumptions on PDSCH performance cannot be ignored in indoor office environment.  It is expected in outdoor scenarios, the channel properties of JT links would differ in larger extent and the QCL issues would be more serious.  
4. Possible QCL enhancement to support non-coherent JT
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Figure 4 Non-coherent JT
Non-coherent joint transmission between 2 TPs is illustrated in Figure 4.  Two TPs are coordinated to transmit different transport blocks to the UE. Specifically, in Figure 4, TP1 transmits codeword 1 to the UE with precoding matrix W1, whereas TP2 transmits codeword 2 to the UE with precoding matrix W2 simultaneously.  In this scenario, the precoding matrices W1 and W2 are often decided individually at each TP.  In our companion contribution [7], the non-coherent JT schemes are discussed in more details.
· Based on the above description of non-coherent JT, the UE receives data from multiple TPs simultaneously. QCL parameters for PDSCH demodulation should be associated with more than one TP. Hence the DMRS ports should be assumed to be quasi co-located with more than one CSI-RS resource configuration co-determined by RRC signaling and DCI.  We can consider configuring different CSI-RS resource for QCL per codeword or per a set of DMRS ports.
· Another way of supporting non-coherent JT is to use beamformed CSI-RS in Class B.  This is particularly useful for TDD where the precoder can be obtained by channel reciprocity.  Then each beamformed CSI-RS should have different QCL assumption.  
· QCL issues can be further studied for advanced receiver like SIC in case of non-coherent JT.

Therefore, based on our measurement results and analysis, we have the following proposal:

Proposal: Study QCL enhancements for non-coherent JT scheme in the following directions:

· QCL enhancements to support indication of more than one CSI-RS resource for QCL per DMRS based PDSCH transmission in a subframe.

· QCL enhancements to support using beamformed CSI-RS for non-coherent JT.

· QCL enhancements for advanced receiver e.g. SIC.
5. Conclusion
In this contribution, we discuss Quasi-Co-Location (QCL) related issues and potential enhancements to support non-coherent JT. From our measurement results, we have the following observation in the indoor office environment:

Observation 1: The impact of QCL assumptions on PDSCH performance cannot be ignored even in indoor office environment.  It is expected in outdoor scenarios, the channel properties of JT links would differ in larger extent and the QCL issues would be more serious.
Based on the analysis and discussion, we have the following proposal:
Proposal: Study QCL enhancements for non-coherent JT scheme in the following directions:
· QCL enhancements to support indication of more than one CSI-RS resource for QCL per DMRS based PDSCH transmission in a subframe.

· QCL enhancements to support using beamformed CSI-RS for non-coherent JT.

· QCL enhancements for advanced receiver e.g. SIC.
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