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Discussion and decision 
1 Introduction 
In RAN1#70bis, the way forward R1-124617 [1] was proposed to enable quasi co-location of CSI-RS ports and CRS ports of cells participating in CoMP transmissions which are beneficial for CoMP scenarios 1, 2 and 3, but no consensus could be reached.

Agreement proposal (from R1-124617):

· For each CSI-RS resource, the network can indicate by RRC signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· If quasi co-location is indicated, the UE may assume quasi co-location wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} between all the CSI-RS ports of the CSI-RS resource and CRS ports of which the cell id is the same as the virtual cell id of the CSI-RS resource

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

· Note that the UE is not expected to measure the CRS of the non-serving cell(s) for every subframe.

A second way forward R1-124649 [2] was then proposed to limit the quasi co-location of CSI-RS ports and CRS ports to only that of the serving cell although there can be multiple cells participating in CoMP transmissions. The second way forward also proposed to adopt the legacy UE behaviour (aka Behaviour A) for TM 1-9 and the new quasi co-location behaviour for CoMP for TM10 only.
R1-124649 
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Due to the concern that the transmissions from the non-serving cells cannot benefit from the quasi co-location between CSI-RS and CRS of the non-serving cells, the proposals from R1-124649 were modified again to include the possibility as was originally proposed in R1-124617 [1].
· For TM1-9, 

· Behaviour A

· TM10

· Behaviour B if the PDSCH is scheduled by DCI-2C/D
· 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
In the end, it was agreed to study on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset:
Agreement:

· For TM1-9, 

· Behaviour A

· Inform RAN2 that RAN1 is also discussing whether additional RRC signalling might be needed in TM10 to control the quasi-co-location behaviour; RAN1 needs to study further until RAN1#71 to make this decision. 

· include in LS to RAN2 with RRC parameters

Focus RAN1 study on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset. 

RAN4 is also currently studying the same issue. In this contribution, we provide some simulation results on the DM-RS based demodulation performance under the assumption of DM-RS-CSI-RS QCL, for frequency offset; and also discuss the remaining issues on quasi co-located antenna ports.
2 DM-RS based demodulation performance under the assumption of DM-RS and CSI-RS QCL for frequency offset
The current Behavior B allows quasi co-location only between DM-RS and CSI-RS. While this QCL holds for CoMP scenario 4, it could result in unnecessary performance degradation for CoMP scenarios 1, 2 and 3 if QCL between DM-RS/CSI-RS with CRS (including serving and non-serving cells) which hold for the scenarios concerned cannot be exploited by the UE.
RAN1 has agreed to study whether DMRS-based demodulation performance is adequate under the assumption of DM-RS and CSI-RS QCL, for at least frequency offset. To this end, we study the performance of the following options for frequency tracking. 
Option 1: Frequency synchronization tracking on the serving cell’s CRS and no compensation for PDSCH frequency offset
This is Behavior A and may be legacy Rel-8/Rel-9/Rel-10 UE implementation. If the PDSCH/CSI-RS is from a different TP than that for the serving cell’s CRS, there can be severe performance loss since there is no compensation for frequency offset. In this case, network should guarantee the frequency offset is smaller than a reasonable value (e.g. 50Hz) for different TPs. Otherwise, UE receiver performance may be severely degraded.
Option 2: Frequency synchronization tracking on the serving cell’s CRS and post-FFT OFDM symbol-wise phase rotation for DM-RS/CSI-RS/PDSCH from non quasi co-located TP
In this option, UE needs to estimate frequency offset between the serving cell’s CRS and a no-quasi co-located PDSCH. Additional post-FFT symbols-wise phase rotation could be done to compensate the frequency offset. Note that this post-FFT compensation can only compensate the phase rotation, but ICI introduced by frequency offset is unavoidable. Frequency offset can be estimated based on coherent phase information between adjacent reference signals in the time domain andCSI-RS is not considered a good RS candidate due to its sparseness in time. Therefore, for Option 2, we have assumed the DM-RS is used for post-FFT frequency offset compensation. Since DM-RS is not consistently available across subframes, we do not perform averaging across subframes when estimating frequency offset.  
To investigate the performance of Option 1 and 2, we conduct simulation for the following CoMP scenario:

Only TP1(macro) transmit CRS, TP2 (Pico) only transmit PDSCH
Detailed simulation assumptions can be found in Section 6.1. We compare the performances under different frequency offset [0:50:200] Hz for Option 1 and Option 2. For each option, the performance for 50RB PDSCH and 3RB PDSCH were simulated. 
Table 5-1 and Table 5-2 shows the performance degradation @70% relative throughput compared with no frequency offset case for Option 1 and Option 2 respectively. More detailed results are presented in Section 6.2.
Table 5-1: Performance degradation @70% relative throughput (Option 1)
	Option 1
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK
3RB
	16QAM 3RB
	64QAM 3RB

	0 Hz
	0.0
	0.0
	0.0 
	0.0 
	0.0
	0.0 

	50 Hz
	0.0
	0.3
	2.1 
	0.6 
	0.7 
	2.2 

	100 Hz
	0.4
	1.3
	INF 
	0.6 
	1.0 
	INF 

	150 Hz
	0.5
	3.3
	INF
	0.7 
	2.5 
	INF

	200 Hz
	0.5
	INF 
	INF
	1.1 
	4.5 
	INF


Table 5-2: Performance degradation @70% relative throughput (Option 2)
	Option 2
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK
3RB
	16QAM 3RB
	64QAM 3RB

	0 Hz
	0.3
	0.4
	0.3
	0.9
	1.3
	0.4

	50 Hz
	0.3
	0.5
	0.6
	0.9
	1.3
	0.4

	100 Hz
	0.6
	0.5
	0.6
	1.0
	1.4
	0.7

	150 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.7

	200 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.8


Based on the simulation results, it is observed that,

· For Option 1 (no frequency offset correction), 16QAM/64QAM is very sensitive to frequency offset, e.g. for 64QAM. even with 50Hz frequency error, the performance loss is larger than 2dB.

· For Option 2 (post-FFT frequency offset compensation), the demodulation performance can work well with up to 200Hz frequency offset for all MCSs with 50RB allocation. For 3 RB allocations, with QPSK 1/3 suffers a performance loss that can be even worse than Option 1 especially under low SNR points due to the poor frequency offset estimation performance with limited DM-RS samples. Due to the very limited DM-RS REs, the estimation accuracy is unstable and the estimation error may be even worse than frequency offset itself.

Observation 1: The performance of DM-RS based post-FFT frequency offset compensation depends on the number of PRBs assigned to the UE. Small number of available DM-RS REs may result in performance loss that can be worse than not performing any frequency offset correction.
Allowing the UE to exploit the quasi co-location between DM-RS/CSI-RS and CRS of a cell (including serving and non-serving cells) which holds in CoMP scenarios 1, 2 and 3 is attractive as a solution since CRS is always available for the full system bandwidth on every subframe. Time averaging across subframes can also be performed for CRS. Performance of frequency offset compensation improves due to the large number of available RS samples and highest degree of estimation accuracy can be achieved with CRS. Note also that existing UE implementation can be reused since CRS is used for frequency and time synchronisation in legacy UEs. 
Observation 2: Performance of post-FFT frequency offset compensation can be improved significantly if quasi co-location between DM-RS/CSI-RS with CRS of a cell (including serving and non-serving cells) may be assumed by the UE.
In addition, quasi co-location between DM-RS/CSI-RS and CRS also improves the PDP estimation for demodulation and CSI feedback measurement due to the high density of CRS in frequency as shown in our previous contribution [3].
Observation 3: DM-RS based demodulation performance will be unnecessarily degraded if the UE is not allowed to take advantage of quasi co-location of CSI-RS and CRS for CoMP scenario 1, 2, 3. There is no reason to prohibit UEs to exploit quasi co-location of CSI-RS and CRS should it chooses to do so.

Our proposal to resolve this issue is given below:

· For each CSI-RS resource, the network can indicate by RRC signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· If quasi co-location is indicated, the UE may assume quasi co-location wrt {Delay spread, Doppler spread, Doppler shift, Average delay} between all the CSI-RS ports of the CSI-RS resource and CRS ports of which the cell id is the same as the virtual cell id of the CSI-RS resource

· In the absence of the RRC signaling, CSI-RS ports and CRS ports shall not be assumed as quasi co-located wrt all properties
Further justification for our proposal follows. Quasi co-location cannot generally be assumed for CoMP scenario 4 since CRS can be transmitted in an SFN manner while CSI-RS can be transmitted only from a TP. Nevertheless, for CoMP scenario 1, 2, 3 as well as for scenarios without CoMP, the quasi co-location assumption of the CSI-RS ports and the CRS ports does typically hold. We emphasize again that the demodulation performance will be unnecessarily degraded if the UE is not allowed to take advantage of such situation. A common denominator for the aforementioned scenarios is that the virtual cell id of the CSI-RS is normally the same as the cell id (as assumed by Rel-10 UEs as well), which can serve as the condition for quasi co-location assumption. However, for CoMP scenario 4, such condition alone is not sufficient as multiple TPs may be configured with the same virtual cell id. Therefore, higher layer signalling should be provided for each CSI-RS resource to indicate if quasi co-location assumption with the CRS is not allowed. 

Finally, we note that the indication of quasi co-location of CSI-RS and CRS is to provide assistance to UEs that wish to exploit this fact to enhance performance. As such, it is not mandatory for the UEs if adequate performance (as determined by RAN4) can already be achieved by algorithms that rely only on the quasi co-location of DM-RS and CSI-RS. We see no reason to prohibit UEs to exploit quasi co-location of CSI-RS and CRS should it chooses to do so. 
3 Conclusions
In this contribution, we provided some simulation results on the DM-RS based demodulation performance under the assumption of DM-RS-CSI-RS QCL, for frequency offset; and also discussed the remaining issues on quasi co-located antenna ports. Based on our study, our observations are as follows:

Observation 1: The performance of DM-RS based post-FFT frequency offset compensation depends on the number of PRBs assigned to the UE. Small number of available DM-RS REs may result in performance loss that can be worse than not performing any frequency offset correction.

Observation 2: Performance of post-FFT frequency offset compensation can be improved significantly if quasi co-location between DM-RS/CSI-RS with CRS of a cell (including serving and non-serving cells) may be assumed by the UE.

Observation 3: DM-RS based demodulation performance will be unnecessarily degraded if the UE is not allowed to take advantage of quasi co-location of CSI-RS and CRS for CoMP scenario 1, 2, 3. There is no reason to prohibit UEs to exploit quasi co-location of CSI-RS and CRS should it chooses to do so.
 Finally, we would like to propose the following:
· For each CSI-RS resource, the network can indicate by RRC signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· If quasi co-location is indicated, the UE may assume quasi co-location wrt {Delay spread, Doppler spread, Doppler shift, Average delay} between all the CSI-RS ports of the CSI-RS resource and CRS ports of which the cell id is the same as the virtual cell id of the CSI-RS resource

· 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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5 Appendix

5.1 Simulation assumptions to evaluate impact of frequency error
Currently, there are there are different CoMP deployment scenarios, including:
· Scenario 1: TP1 (macro), TP2 (Pico) has different cell ID, both transmit CRS
· Scenario 2: TP1 (macro), TP2(Pico) has same cell ID, both transmit CRS
· Scenario 3: Only TP1(macro) transmit CRS, TP2 (Pico) only transmit PDSCH
Scenario 3 is simulated in this contribution.
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Table 4-1: Simulation Assumptions
	Deployment Scenario
	Scenario 3

	Fading Channel
	EPA5Hz

	Channel BW
	10MHz

	Resource allocation
	(1) 50RB
(2) 3RB

	Antenna configuration
	4x2

	MCS
	(1) FRC 64QAM 3/4
(2) 16QAM 1/2
(3) QPSK 1/3

	Max HARQ transmission number
	4

	Power imbalance between TP1 and TP2
	0dB

	Rank/PMI
	Fixed (1, 1) 

	Frequency offset
	[0:50:200]Hz


5.2 Simulation results for frequency offset
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Figure B-1: Frequency offset correction performance: Option 1, QPSK 1/3, 50RB
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Figure B-2: Frequency offset correction performance: Option 1, 16QAM 1/2, 50RB
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Figure B-3: Frequency offset correction performance: Option 1, 64QAM 3/4, 50RB
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Figure B-4: Frequency offset correction performance: Option 1, QPSK 1/3, 3RB
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Figure B-5: Frequency offset correction performance: Option 1, 16QAM 1/2, 3RB
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Figure B-6: Frequency offset correction performance: Option 1, 64QAM 3/4, 3RB
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Figure B-7: Frequency offset correction performance: Option 2, QPSK 1/3, 50RB
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Figure B-8: Frequency offset correction performance: Option 2,16QAM 1/2, 50RB
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Figure B-9: Frequency offset correction performance: Option 2, 64QAM 3/4, 50RB

	[image: image11.png]g
8

3
=3
=
=)
3
2
=
F

S
8
8

0
-80 -70 60 -50 -40 -30 -20 -1.0 00 10 20 30 40

SNR [dB]





Figure B-10: Frequency offset correction performance: Option 2, QPSK 1/3, 3RB
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Figure B-11: Frequency offset correction performance: Option 2,16QAM 1/2, 3RB
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Figure B-12: Frequency offset correction performance: Option 2,64QAM 3/4, 3RB
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