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1. Introduction
In RAN1 #71, a new agreement was made regarding UE bahavior B for quasi-colocated antenna deployment [1]. 
· For Behavior B:
· For each CSI-RS resource, the network shall indicates by RRC signaling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt the following properties 
· {Doppler shift, Doppler Spread}
· RRC signaling includes:
· Cell id for QCLed CRS
· CRS port number (reuse PQI configuration)
· MBSFN configuration (reuse PQI configuration)
· Send LS to RAN4 for this decision
· Recommend to provide performance requirement considering the frequency shift of up to 200Hz between TPs transmitting PDSCH and the serving cell. 
· the TP transmitting PDSCH is of different Cell id than the serving cell
· Note: the above the decision doesn’t impact the current mobility requirement 
RAN1 LS [2] says that
It is also agreed in RAN1 to respectfully recommend RAN4 to provide performance requirements for UEs supporting the CoMP feature groups considering frequency shift values (between TPs transmitting PDSCH and the serving cell) that are larger than the range currently being discussed in RAN4 for DMRS-based frequency tracking. For the purpose of such requirements, it is assumed that the TP transmitting PDSCH is associated with a different Cell id than the serving cell. Note that the cell id for the QCLed CRS does not need to be the serving Cell id.

The implication of this agreement on UE implementation is that UE can estimate frequency offset of TP transmitting PDSCH from linked CRS. Frequency offset estimation from CRS would be much reliable due to higher density of CRS both in time and frequency dimension. In this contribution, we investigate the frequency offset compensation based on quasi-colocated CRS. 

2. Simulation configuration
Quasi-colocation assumption between CRS, CSI-RS and DM-RS seems to have different implication for different CoMP deployment scenario. For CoMP deployment scenario 4 wherein TPs within macro cell coverage are sharing same cell ID, CRS may be transmitted either only by macro serving cell or by all TPs in an SFN manner. In either case, UE cannot estimate frequency error between TPs using CRS. Thus, network should maintain good frequency synchronization between TPs so that UE performance degradation from frequency error is minimal. However, in CoMP deployment scenario 1, 2 or 3 wherein all TPs are transmitting it’s own CRS with distinct cell ID, UE can estimate frequency error between serving cell and TP transmitting PDSCH using dynamically signaled quasi-colocated CRS. This is the reason why RAN1 LS explicitly specify that TP transmitting PDSCH is associated with different cell ID than the serving cell. 
In this contribution, we consider CoMP scenario 3 wherein one TP is macro serving cell and the other TP is pico cell with different cell ID. PDSCH of macro serving cell is assumed to be muted based on dynamic port selection to allow interference-free transmission of PDSCH on pico cell. There can be 3 different scenarios for serving cell CRS. First case is MBSFN SF on serving cell. This case is not considered in the simulation since restricting PDSCH transmission on pico only in MBSFN SF of serving cell limits network scheduling flexibility and is not applicable when MBSFN is not configured on serving cell. Second case is non-colliding CRS between serving cell and pico cell. This case is not considered either since PDSCH demodulation performance would be limited by CRS interference on data tones if UE is not equipped with CRS-IC. Last case is colliding CRS between serving cell and pico cell. Colliding CRS does not interference with data tones from pico cell but would affect frequency offset estimation. We will consider colliding CRS case in this contribution to investigate the performance of CRS based frequency offset compensation. 
Proposal 1 : Consider CoMP scenario 3 with colliding CRS in defining test for frequency offset compensation using quasi-colocated CRS. 

It is assumed that UE is continuoulsy tracking frequency offset for all CRSs in PQI set, which allows CRS frequency offset averaging over SFs. Also, it is assumed that only post-FFT frequency offset comppensation is applied to DM-RS/PDSCH. Simulation parameters are summarized in Table 1. In the table, Es1 and Es are CRS tone power on serving cell and pico cell respectively. Performance was investigated for positive value of Es1/Es corresponding to PDSCH scheduling to a UE in CRE region. 
Table 1. Simulation parameters

	parameters
	values

	System bandwidth (MHz)
	10

	Cell ID
	Serving cell : 0, pico cell : 6

	Noc (dBm/15Hz)
	-98

	Es1/Es (CRS power ratio)
	0, 4, 8, 12

	CFI
	2

	SF for PDSCH transmission
	0, 1, 2, 3, 4, 6, 7, 8, 9

	PDSCH allocation
	41 PRBs in SF0, 50 PRBs in all other SFs

	MCS
	QPSK 1/3, 16-QAM 1/2, 64-QAM 1/2, 64-QAM 3/4

	Propagation channel
	EPA5 low correlation

	Doppler frequency (Hz)
	5

	Frequency offset between TPs (Hz)
	0, 100, 200, 300, 400

	Frequency offset estimation
	CRS based estimation + averaging over SFs

	frequency offset compensation
	only post-FFT correction


3. Simulation results
In the simulation, it is assumed that UE tracks frequency offset of serving cell based on serving cell CRS and compensates that before FFT. When UE is configured in behavior A, there is no additioanl post-FFT frequency offset compensation since UE can assume that all antenna ports are quasi-colocated. When UE is configured in behavior B, UE additionally track  frequency error of other TPs based on CRS information provided via RRC siganling of PQI state and apply the error for post-FFT frequency offset compensation when scheduling of linked DM-RS PDSCH is signaled via PDCCH. There are three factors that can affect PDSCH demodulation performance when there is frequency error between CRS and DM-RS antenna ports.
· Assuming single FFT implementation, inter-carrier interference (ICI) introduced during FFT due to frequency error represents unavoidable noise floor. The amount of ICI is solely dependent on frequency error between serving cell and other TP transmitting PDSCH. 
· Demodulation performance is also affected by sensitivity of DM-RS channel estimation to frequency error. 
· In behavior B, accuracy of frequency offset estimation is crucial to post-FFT frequency error compensation. In general, CRS-based frequency offset compensation is reliable due to dense CRS in time and frequency direction. However, the challenge here is inteference from colliding serving cell CRS, which might limit frequency offset estimation accuracy for UE in deep CRE region. 
 Simulation results for UE behavior A in the presence of frequency error are provided in Figure 1. What can be observed from the simulation results are
· UE can tolerate frequency offset up to 200Hz with small performance degradation of around 1dB for QPSK 1/3. However, larger degradation is observed for 16-QAM ½ or 64-QAM ¾. Especially for 64-QAM ¾ with 50 RB allocation, UE cannot tolerate even 100Hz offset. From the simulation results, it is obvious that wrong UE behavior in non-colocated antenna ports scenario cannot provide acceptable demodulation performance. 

Simulation results for UE behavior B in the presence of frequency offset are illustrated in Figure 2. Results are provided for for different Es1/Es correspending to different level of CRE. What can be observed from the simulation results are

· When Es1/Es=0dB, i.e., CRS power from serving and pico cell is same, CRS-based frequency offset compensation can fully recover demodulation performance. Performance drop observed in case of 64-QAM 3/4 for frequency offset larger than 200Hz is caused by ICI that is unavoidable if single IFFT implementation is employed. 
· As Es1/Es becomes larger, i.e., UE moves into further into CRE region, CRS frequency offset estimation gets deteriarated leading to gradual performance drop from highest MCS. When Es1/Es=8dB, performance degradation is observed even for 16-QAM 1/2.
Poor frequency offset estimation for a UE in deep CRE region implies that CoMP PDSCH demodulation performance might be limited by observed CINR on CRS. CRS ports are suffering from low CINR due to colliding CRS from macro cell. Capacity gain for CoMP scenario 3 is heavily dependent on network’s ability to offload UEs to pico cells. Meaningful offloading of UEs to pico cell is possible by CRE similar to FeICIC network deployment. Here, CRE could mean PDSCH scheduling from cell with weaker CRS instead of explicit handover threshold offset. Thus, UE should find a way to reliably estimate frequency offset from weaker CRS to allow network to schedule PDSCH when UE in deep CRE region. One obvious candidate solution would be to perform CRS-IC for better frequency offset estimation but alternative methods could also be considered. If UE is FeICIC enabled with CRS-IC capability, it can also allow CoMP scenario 3 operation under non-colliding CRS condition, providing more freedom in network deployment. 

Proposal 2 : In order to guarantee full capacity gain of CoMP scenario 3, test should be designed to verify UE capability to reliably estimate frequency offset from weaker CRS. Consider CRS-IC as a candidate solution. 
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Figure 1. Performance of behavior A UE under frequency offset
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(a) Es1/Es=0dB
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(b) Es1/Es=4dB

[image: image13.emf]-15 -10 -5 0 5 10 15 20

0

0.5

1

1.5

2

2.5

3

3.5

CINR (dB)

Throughput (Mbps)

QPSK 1/3, frequency error,Es1/Es=8dB,EPA5 LOW, 50RBs, post-FFT correction

 

 

freq error 0Hz

freq error 100Hz

freq error 200Hz

freq error 300Hz

freq error 400Hz

[image: image14.emf]-10 -5 0 5 10 15 20

0

2

4

6

8

10

12

CINR (dB)

Throughput (Mbps)

16-QAM 1/2, frequency error,Es1/Es=8dB,EPA5 LOW, 50RBs, post-FFT correction

 

 

freq error 0Hz

freq error 100Hz

freq error 200Hz

freq error 300Hz

freq error 400Hz


[image: image15.emf]-5 0 5 10 15 20 25 30

0

2

4

6

8

10

12

14

16

18

CINR (dB)

Throughput (Mbps)

64-QAM 1/2, frequency error,Es1/Es=8dB,EPA5 LOW, 50RBs, post-FFT correction

 

 

freq error 0Hz

freq error 100Hz

freq error 200Hz

freq error 300Hz

freq error 400Hz

[image: image16.emf]10 15 20 25 30 35 40

0

5

10

15

20

25

30

CINR (dB)

Throughput (Mbps)

64-QAM 3/4, frequency error,Es1/Es=8dB,EPA5 LOW, 50RBs, post-FFT correction

 

 

freq error 0Hz

freq error 100Hz

freq error 200Hz

freq error 300Hz

freq error 400Hz


(c) Es1/Es=8dB
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(d) Es1/Es=12dB

Figure 2. Performance of behavior B UE under frequency offset 
4. Conclusion 
 In this contribution, we provided simulation results for frequency offset compensation based on quasi-colocated CRS in CoMP scenaro 3. Colliding CRS case was considered in the simulation study. It was observed that, due to CINR mismatch between CRS and DM-RS, frequency offset compensation is not good enough in certain corner cases wherein high MCS PDSCH is scheduled to a UE in deep CRE region. Based on the study, our proposals are 
Proposal 1 : Consider CoMP scenario 3 colliding CRS case in defining test for frequency offset compensation from quasi-colocated CRS. 

Proposal 2 : In order to guarantee full capacity gain of CoMP scenario 3, test should be designed to verify UE capability to reliably estimate frequency offset from weaker CRS. Consider CRS-IC as a candidate solution. 

We recommend to consider our proposals in defining test for frequency offset compensation from quasi-colocated CRS. 
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