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Discussion
1
Introduction

An agreement for the definition of quasi co-location (QCL) was reached in RAN1#70 [1] and further revised in RAN1#71 [2] to read: 
· Behavior A: 

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, average delay, delay spread}.
· Behavior B: 

· CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average gain, 
average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average delay}. For each CSI-RS resource, the network shall indicate by RRC signaling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt {Doppler shift, Doppler Spread}.
A UE in TM10 under DL CoMP is expected to pass the demodulation test under timing and frequency offsets with correct QCL behavior defined above. After extensive simulations and discussion, companies have agreed on a timing offset range of [-0.5, 2] µs and a frequency offset of 200Hz, at the PDSCH transmission point (w.r.t the serving cell) as the performance requirement  for TM10 UE behavior B [3].

In this contribution, we propose UE demodulation tests under the agreed simulation parameters in the framework document [4]. Fig. 1 shows the system model, where ∆f, ∆t and ∆P represent the relative frequency, time, and received power offsets with regard to TP1,2 at the UE, respectively. We assess the performance versus SNR which is defined as the SNR of PDSCH REs at the UE. We also present our views on the following topics: a) Colliding vs. non-colliding CRS patterns, b) CRS-IC to improve performance differentiation.
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Fig 1: DL CoMP DPS system model
2
Test configuration

Time/Frequency offset: To simply tests, we choose a single test configuration based on Fig 1 with simultaneous time and frequency offset. For this test we set ∆f = +200 Hz and ∆t = +2.0 µs. The UE may use a combination of pre- and post-FFT operations to estimate and compensate for ∆f and ∆t. For the tests proposed here, we assume the UE estimates ∆f and ∆t using post-FFT operations (e.g. correlation method). The UE compensates for the serving cell offset (f1, t1) using pre-FFT methods (e.g. phase rotation + FFT window shifting), and compensates for the PDSCH cell offset (f2, t2) using post-FFT methods (e.g. phase rotation + FFT window shifting). The estimates of f1, t1, f2, t2 are achieved using the available RSs based on the quasi-colocation assumptions. Table 1 shows a summary of the operations to estimate and compensate the offsets in our test.
Table 1: Offset estimation/compensation
	Offset
	Estimation
	Compensation

	Behaviour B

	f1
	CRS1 (post-FFT)
	Phase de-rotation (pre-FFT)

	f2
	CRS2 (post-FFT)
	Phase de-rotation (post-FFT)

	t1
	CRS1 (post-FFT)
	FFT window shift (pre-FFT)

	t2
	CSI-RS2 (post-FFT)
	Phase de-rotation (post-FFT)

	Behaviour A

	f1
	CRS1 (post-FFT)
	Phase de-rotation (pre-FFT)

	t1
	CRS1 (post-FFT)
	FFT window shift (pre-FFT)


Power imbalance: The parameter ∆P = P2-P1 controls the SNR seen at the UE from the TPs. We consider the two cases of ∆P = 0 dB (equal power) and ∆P = -5 dB that accounts for higher interference from serving cell. For all cases, SNR is defined as the SNR at the UE seen from the PDSCH TP2, i.e. P2.
CRS pattern: The proposed test is configured for DPS scenario 3 where TP1 and TP2 use different cell IDs. Two configurations are simulated: i) Non-colliding CRS: [TP1 cell ID] ≠ [TP2 cell ID]. ii) Colliding CRS: [TP2 cell ID] = [TP1 cell ID] mod 6. Our simulations show colliding CRS to be a better choice for the test. 
3
Simulation results
Demodulation test: We simulate the effects of frequency offset estimation/compensation with quasi co-location assumptions using an LLS tuned to the latest agreed simulation assumptions of the framework document in [4]. Time and frequency offset are estimated and compensated via Table 1. We simulate 16QAM ½ and 64QAM ¾ for two levels of interference: ∆P = 0 dB (equal power) and ∆P = -5 dB. The ∆P = -5 dB is motivated by the fact that DL CoMP is expected to be beneficial in “cell range extension” regions with interference.  For each plot we derive the 70% throughput SNR point. Fig 2 shows the simulation result. From these curves we observe the following:
1. For all simulated cases, behaviour A shows poor performance due to simultaneous frequency and timing offset that is not properly compensated at the UE. Therefore, there is sufficient differentiation between behaviour A and behaviour B in all such cases.
2. For all simulated cases, colliding CRS patterns provide better performance compared to non-colliding patterns. This is owing to the fact that with colliding CRS patterns, CRS-PDSCH collision is avoided. Degradation in throughput can be severe for non-colliding CRS patterns, especially for 64QAM ¾ where the effect of the interference on PDSCH is more pronounced.
3. 16QAM ½ is a suitable test choice since the 70% throughput SNR point is robust to interference power. 
4. 64QAM ¾ is not a suitable test choice since the 70% throughput point is not realized even at very high SNR in the presence of interference. 

Based on these results and observations we propose:

Proposal 1:

· Define UE demodulation test for DL CoMP under TM10 and QCL assumptions based on 16QAM ½ EPA-5Hz with colliding CRS patterns at 8 dB PDSCH SNR and up to 5 dB interference from serving cell TP.
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Fig 2: PDSCH throughput performance under behavior A and B: ∆f = 200 Hz and ∆t = 2.0 µs
CRS-IC considerations: For the proposed demodulation test above we allowed for 5 dB interference from the serving cell. Interference cancellation of the CRS pattern from the serving cell is therefore a candidate for improving the throughput performance. Fig 3 shows the performance of the proposed demodulation test including CRS-IC throughput under behavior B. This figure shows that CRS-IC can provide a +2dB gain at 70% throughput for UE under behavior B. 

Observation 1:

· CRS-IC may improve performance by 2dB for the proposed demod test. Whether to use such a feature in demodulation tests is FFS.
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Fig 3: CRS-IC performance under 5dB interference: ∆f = 200 Hz and ∆t = 2.0 µs
3
Conclusion

We conducted simulations based on the most recent framework for QCL impact on TM10 UE demodulation performance. Based on our results we proposed the following test:

Proposal 1:

· Define UE demodulation test for DL CoMP under TM10 and QCL assumptions based on 16QAM ½ EPA-5Hz with colliding CRS patterns at 8 dB PDSCH SNR and up to 5 dB interference from serving cell TP.

Observation 1:

· CRS-IC may improve performance by 2dB for the proposed demod test. Whether to use such a feature in demodulation tests is FFS.
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Annex A

Simulation assumptions
Table 2: Link level simulation (LLS) assumptions
	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2
	2

	System bandwidth (MHz)
	10
	10

	Cell ID
	non-colliding CRS = 1
colliding CRS = 6
	0

	Channel model
	EPA
	EPA

	Doppler frequency (Hz)
	5 Hz
	5 Hz

	Antenna configuration
	2x2 low
	2x2 low

	SNR (seen at UE receivers)
	TBD
	TBD

	Number of allocated resource blocks (PRB)
	50
	50

	Transmission mode
	10
	10

	Cell-specific reference signals
	4 RE/port/PRB
	4 RE/port/PRB

	CSI reference signals
	N/A
	1 RE/port/PRB

	CSI-RS periodicity (ms)
	N/A
	5

	PDCCH decoding
	Ideal
	N/A

	[PMI delay (ms)]
	N/A
	8

	Rank
	N/A
	1

	PMI
	N/A
	Random

	Modulation and Code rate
	N/A
	64QAM 3/4, 16QAM 1/2

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	8
	8

	Maximum number of HARQ transmission
	4
	4

	Number of OFDM symbols for PDCCH
	N/A
	N/A

	Timing offset (µs)
	0
	2

	Frequency error (Hz)
	0
	200

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum


~ 8 dB suitable test point





2dB gain
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