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1. Introduction

At the RAN1 #70bis meeting and in the following email discussion, several agreements were reached regarding the quasi co-location assumption and related signaling [1].
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Moreover, the necessity for RRC signaling to indicate quasi co-location between the CSI-RS and CRS was discussed based on the following proposal.
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It was suggested that evaluation is required to clarify whether DM-RS based demodulation performance is adequate under the assumption of quasi co-location between the DM-RS and CSI-RS, for at least in terms of the relative frequency error. In this contribution, we provide some simulation results and our views on the quasi co-location signaling between the CSI-RS and CRS.
2. Necessity of Quasi Co-location Signaling Between CSI-RS and CRS
2.1. Frequency Synchronization
One of the major motivations for employing the co-location signaling between the CSI-RS and CRS is to reduce the impact of relative frequency error by exploiting CRS-based frequency tracking. According to the RAN 4 requirement [2], frequency error is within the accuracy of +/- 0.05 ppm and +/- 0.1 ppm for wide area BSs and local area BSs, respectively. Hence, relative frequency error between two TPs is at most 400 Hz when the carrier frequency is 2.0 GHz. However, Rel. 11 CoMP is supposed to be operated in RRH-based network configuration, and the relative frequency error among multiple TPs is expected to be reduced further. In addition, from our perspective, such relative frequency error among multiple TPs might be less than 100 Hz in Rel. 11 RRH-based CoMP operation.
Figure A1 shows the impact of the relative frequency error on the block error rate (BLER) performance. The results show that the required SNR is degraded by 2.2 dB when 64QAM R=1/2 is utilized with the relative frequency error of 200 Hz. 
Observation 1: Performance degradation due to relative frequency error is occurred for higher MCS (e.g., 64QAM) with high relative frequency error such as 200 Hz.
In addition, we evaluate the accuracy of frequency error estimation using CRS and CSI-RS. Figure A2 shows CDF of the frequency estimation error using CRS and CSI-RS. Result shows that although the estimation error is approximately less than the range of +/- 100 Hz for CRS, the accuracy is not sufficient for the estimation using CSI-RS itself, even if time averaging is utilized for 40 ms. 
2.2. Time Synchronization
In the previous RAN 1 and RAN 4 meetings, a number of link-level simulation results were submitted which evaluate the impact of received time difference [3, 4]. Figure 1 shows an image of received time difference between the serving cell (cell A) and non-serving cell (cell B), which are used for dynamic point selection (DPS). Some of the results show that a negative timing delay case, i.e., the received signal from the serving cell is later than that from the non-serving cell, leads to performance degradation due to inter-symbol interference (ISI) and inter-carrier interference (ICI). More specifically, the performance degradation is significant for higher MCS (e.g., 64QAM) with a negative timing delay of longer than approximately 1 s.
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Figure 1 – Received time difference between TPs
Observation 2: Performance degradation due to received time difference is occurred for higher MCS (e.g., 64QAM) with negative timing delay which is longer than approximately 1s.
Table B2 shows system-level simulation results to evaluate MCS selection probability for CoMP operating UE. The results show that the 64QAM is selected with high probability of 24% and 32% for 2-TP and 3-TP DPS/DPB with CoMP Scenario 2, respectively. Although performance loss might be marginal for the NW, in which the relative frequency error and received time difference are low, quasi co-location signaling between the CSI-RS and CRS might be helpful to ensure transmission with a higher MCS for various NW scenario.
Observation 3: 64QAM is selected with high probability of 24% and 32% for 2-TP and 3-TP DPS/DPB with CoMP Scenario 2, respectively.

Proposal 1: Quasi co-location signaling between the CSI-RS and CRS might be helpful to identify which CSI-RS is co-located to CRS.
3. Implementation Issue Regarding Quasi Co-location
As described in the above section, if the signaling of quasi co-location between the CSI-RS and CRS is supported to achieve accurate frequency tracking in DL CoMP scenarios, it may mean that CoMP UEs should work based on quasi co-location signaling even in severe environments in terms of received time difference and/or relative frequency errors. Then CoMP UEs may need to have dual-FFT or other complex implementations in order to handle signals with received time difference and relative frequency errors. Since some companies have expressed concerns about the complex implementations [5, 6], CoMP UEs has the potential to be minor in Rel. 11. We should avoid such the worst case scenario for Rel. 11.

Currently, there are two UE feature groups defined for DL CoMP in Rel. 11 [7]. One is DL CoMP operation with a single CSI process (feature group #7-0) and the other is DL CoMP operation with multiple CSI processes (feature group #7-1). Considering the above concerns regarding the implementation complexity for CoMP UEs [5, 6], we believe that a capability signaling regarding quasi co-location or some limitations for the feature group #7-0 is necessary. Detailed proposals are listed as follows.

· Alt. 1: 

· Introduce a capability signaling to indicate the support of quasi co-location assumption

· i.e., indicate the support of CSI-RS-CRS and/or DM-RS-CSI-RS quasi co-location assumptions

· Alt. 1-1: Introduce a capability signaling to indicate the support of all quasi co-location assumptions

· Alt. 1-2: Introduce a capability signaling to indicate the support of a part of quasi co-location assumptions

· Examples are shown in ANNEX C
· Alt. 2:

· The UE performance requirement for feature groups #7-0 and #7-1 shall be defined at different target conditions of received time difference and relative frequency error considering UE receiver behaviour

· Alt. 3:

· Only support the component of “Antenna port quasi-colocation assumptions” for #7-1

Proposal 2: RAN1 is respectfully asked to discuss following Alts.
· Alt. 1: 

· Introduce a capability signaling to indicate the support of quasi co-location assumption

· i.e., indicate the support of CSI-RS-CRS and/or DM-RS-CSI-RS quasi co-location assumptions

· Alt. 1-1: Introduce a capability signaling to indicate the support of all quasi co-location assumptions

· Alt. 1-2: Introduce a capability signaling to indicate the support of a part of quasi co-location assumptions

· Alt. 2:

· The UE performance requirement for feature groups #7-0 and #7-1 shall be defined at different target conditions of received time difference and relative frequency error considering UE receiver behaviour

· Alt. 3:

· Only support the component of “Antenna port quasi-colocation assumptions” for #7-1
4. Conclusion
In this contribution, we presented our views on the remaining details for the quasi co-location behavior. The following are our observations and proposals based on the discussion.

Observation 1: Performance degradation due to relative frequency error is occurred for higher MCS (e.g., 64QAM) with high relative frequency error such as 200 Hz.
Observation 2: Performance degradation due to received time difference is occurred for higher MCS (e.g., 64QAM) with negative timing delay which is longer than approximately 1s.
Observation 3: 64QAM is selected with high probability of 24% and 32% for 2-TP and 3-TP DPS/DPB SU-MIMO with CoMP Scenario 2, respectively.

Proposal 1: Quasi co-location signaling between the CSI-RS and CRS might be helpful to identify which CSI-RS is co-located to CRS.
Proposal 2: RAN1 is respectfully asked to discuss following Alts.
· Alt. 1: 

· Introduce a capability signaling to indicate the support of quasi co-location assumption

· i.e., indicate the support of CSI-RS-CRS and/or DM-RS-CSI-RS quasi co-location assumptions

· Alt. 1-1: Introduce a capability signaling to indicate the support of all quasi co-location assumptions

· Alt. 1-2: Introduce a capability signaling to indicate the support of a part of quasi co-location assumptions

· Alt. 2:

· The UE performance requirement for feature groups #7-0 and #7-1 shall be defined at different target conditions of received time difference and relative frequency error considering UE receiver behaviour

· Alt. 3:

· Only support the component of “Antenna port quasi-colocation assumptions” for #7-1
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ANNEX A: Link-Level Simulation with Frequency Error
The impact of the relative frequency errors is evaluated in a link-level simulation. The simulation parameters are given in Table A1. In the evaluation, frequency error is statically added at the transmitter and frequency compensation is not applied.
Table A1 – Link-Level Simulation Parameters
[image: image4.emf]Parameter Value

Channel bandwidth 10 MHz

Carrier frequency 2 GHz

Multipath model EPA 3 km/h

Antenna configuration 2-by-2 (Rank-1 precoding)

FFT Timing Ideal


Figure A1 shows the BLER performance with the MCS of QPSK R=1/2, 16QAM R=1/2, and 64QAM R=1/2. Here, the frequency error is parameterized for 0, 100, and 200 Hz. The results show that the required SNR is degraded by 2.2 dB at the BLER of 10-1 when 64QAM R=1/2 is employed with the frequency error of 200 Hz. However, the performance degradation is limited to the case of higher MCSs and frequency error.
[image: image5.emf]10

-2

10

-1

10

0

0 5 10 15 20

BLER

Average SNR per receiver antenna (dB)

0 Hz

100 Hz

200 Hz

QPSK

R

=1/2

16QAM

R

=1/2

64QAM

R

=1/2


Figure A1 – Impact of frequency error
In addition, we evaluate the accuracy of frequency error estimation using CRS and CSI-RS. Major parameters are identical to the Table A1 except that the antenna configuration is 1-by-2. For the estimation using CRS, correlation between received signal and replica signal, for which frequency offset is applied, is calculated in the frequency domain. On the other hand, for the estimation using CSI-RS, phase rotations between two CSI-RS symbols are compared. In this evaluation, offset estimation is conducted every 5 subframes and performance without time averaging (5 ms) and that with time averaging using 40 ms (8 subframes) are shown in the figure. Figure A2 shows CDF of the frequency estimation error using CRS and CSI-RS. Result shows that although the estimation error is approximately less than the range of +/- 100 Hz for CRS, the accuracy is not sufficient for the estimation using CSI-RS itself, even if time averaging is utilized for 40 ms.
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Figure A2 – Accuracy of frequency error estimation
ANNEX B: MCS Selection Probability for CoMP UE
As discussed in the previous section, performance loss due to received time difference and relative frequency error is significant for higher order MCS such as 64QAM. MCS selection probability for CoMP UE is evaluated by the system-level simulation in order to assess the impact for the system performance. The simulation parameters are shown in Table B1.
Table B1 – System-Level Simulation Parameters
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Table B2 shows the performance for the 2-TP and 3-TP DPS/DPB with CoMP scenario 2, respectively. We also show the ratio of CoMP UE among all UEs, as a reference. The results show that the higher MCS of 64QAM is selected high probability of 24% and 32% for 2-TP and 3-TP DPS/DPB SU-MIMO, respectively.
Table B2 – MCS Selection Probability for CoMP UE
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ANNEX C: Support of Some Quasi Co-location Assumptions
Considering some quasi co-location assumptions shown in Figure C1, examples of possible cases are given below.
Case 1: The UE supports only the CSI-RS-CRS quasi co-location assumption. It does not support the CSI-RS-DM-RS quasi co-location assumption.

Case 2: The UE supports only the CSI-RS-DM-RS quasi co-location assumption. It does not support the CSI-RS-CRS quasi co-location assumption.

Case 1 means that since the UE does not support the CSI-RS-DM-RS quasi co-location assumption, the UE may work based on the serving cell CRS even if CoMP is configured. However, the UE can exploit CSI-RS-CRS quasi co-location assumption to improve the CRS-based operation by using quasi co-located CSI-RSs.
Case 2 means that the UE may work based on the CSI-RS when CoMP is configured. The UE does not exploit CRS even if the CSI-RS-CRS quasi co-location information is signaled.
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Figure C1 – A part of quasi co-location assumptions
RRC Signalling:


Configure up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D.





For TM1-9,


Behaviour A





EPDCCH


Alt-1 (behaviours A and B1) are supported for EPDCCH.


In TM 1-9, behaviour A is supported


In TM 10, it is RRC-configurable between behaviours A and B1





For Behaviour B:


For each CSI-RS resource, the network can indicate by RRC signaling that at least CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt the following properties 


{Delay spread, Doppler spread, Doppler shift, Average delay}


In the absence of the RRC signaling, CSI-RS ports and CRS ports shall not be assumed as quasi co-located wrt all properties
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