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1
Introduction

In RAN4#66bis, two DL CoMP demodulation tests were agreed [1]:

1. Test 1 Verifying UE performing correct timing offset compensation, channel parameters estimation and rate matching behavior in CoMP scenario 4. 
2. Test 2 Verifying UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS. 
a. Power difference between transmission TP and serving TP is FFS.
In addition to the agreements, RAN4 also identified a number of open issues in DL CoMP demodulation testing including:
1. Whether we should assume CRS-IC in frequency error estimation.
2. Whether to introduce a test based on non-colliding case in CoMP scenario 3 to verify PDSCH demodulation performance.
3. Whether to include a SNR test to ensure UE performing correct SNR estimation based on DM-RS rather than CRS in either Test 1 or Test 2.

4. Whether to introduce additional DPS test for feature 7-1 UE.
In this paper, we evaluate Test 1 and Test 2 and propose missing test parameters. We will also show our study on the open issues and provide our proposals to resolve them. 
2
PDSCH performance in agreed testing scenarios
2.1 Test 1

Test 1 is to verify that UE is performing correct timing offset compensation, channel parameters estimation and rate matching behavior in CoMP scenario 4. To investigate, we simulated the PDSCH performance with different values of the following simulation parameters. Other simulation assumptions are listed in Annex B.
Table 1: Demod Test 1 
	Parameter name
	Values

	UE behaviour
	Behaviour A and Behaviour B

	Frequency offset
	0 Hz

	Timing offset
	-0.5 µs or +2.0 µs

	Power difference
	0 dB or -5 dB (serving cell +5 above PDSCH cell)

	MCS
	4QAM 1/3, 16QAM 1/2, 64QAM ¾


The simulation results are shown in Fig. 1-6. From there plots we see that the performance gap between behaviour A and B is larger for 2.0 µs offset compared to -0.5 µs, for all MCS and power levels. In Table 2 we summarize the 70% throughput points for the various schemes. 

Table 2: Demod Test 1 – Behavior B 70% throughput SNR points
	
	4QAM 1/3
	16QAM 1/2
	64QAM 3/4

	Serving cell interf. level
(relative to PDSCH)
	0 dB
	5 dB
	0 dB
	5 dB
	0 dB
	5 dB

	∆t = -0.5 µs
	-1.5 dB
	-2.0 dB
	6.0 dB
	5.0 dB
	18.0 dB
	23.0 dB

	∆t = 2.0 µs
	1.0 dB
	-1.0 dB
	11.0 dB
	7.0 dB
	30.9 dB
	21.0 dB


Based on these results, and Table 2 (above), we believe that 16QAM ½ is a valid candidate for demodulation tests for timing offset for the following reasons: a) for 4QAM, while the gap between behavior A and B is large for positive offset, it is small for negative (~2dB) which may make the test unreliable for ∆t = -0.5 µs, and b) for 64QAM, while the performance gap between behavior A and B is large for both positive and negative offsets, the 70% SNR points are relatively large (particularly for 0 dB power difference), which may make the test design more difficult. 16QAM strikes a balance and is a good candidate for the timing offset test.
Proposal 1: For DL CoMP demodulation Test 1, 16QAM ½ EPA-5Hz with TP power imbalance of -5 dB (i.e. 5 dB serving cell interference) can be used in conjunction with the PDSCH SNR test points in Table 1 of this contribution for timing offsets of ∆t = 2.0 µs and ∆t = -0.5 µs.
2.2 Test 2

Test 2 is to verify UE performing correct frequency offset compensation and rate matching behaviour in CoMP scenario 3 with colliding CRS. As shown in our previous contribution, we think -5 dB power difference between the serving cell TP (TP1) and PDSCH transmission TP (TP2) is reasonable because CoMP system gain is best realized with some range extension of RRH. The power difference is defined to be the power of TP2 minus the power of TP1. Transmission blanking is applied to TP1 so that there is no TP1 PDSCH interfering TP2 PDSCH.
We simulated the PDSCH with different values of the following simulation parameters. Other simulation assumptions are listed in Annex B. 
Table 3: Demod Test 2 
	Parameter name
	Values

	UE behaviour
	Behaviour A and Behaviour B

	CRS location
	colliding, non-colliding

	CRS-IC
	w/ CRS-IC, w/o CRS-IC

	Timing offset
	0 seconds

	Frequency offset
	200 Hz

	Power difference
	0 dB or -5 dB (serving cell +5 above PDSCH cell)

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


The simulation results are shown in Fig. 7-12. In Table 3 we summarize the 70% throughput points for the various schemes of behaviour B.

Table 3: Demod Test 2 – Behavior B 70% throughput SNR points
	
	4QAM 1/3
	16QAM 1/2
	64QAM 3/4

	Serving cell interf. level (relative to PDSCH)
	0 dB
	5 dB
	0 dB
	5 dB
	0 dB
	5 dB

	Colliding CRS 
	-3.0 dB
	-2.5 dB
	5 dB
	6 dB
	16 dB
	N/A

	Non-colliding CRS
	-3.0 dB
	-2.5 dB
	6 dB
	N/A
	N/A
	N/A

	Colliding CRS+CRS-IC
	-3.0 dB
	-3.0 dB
	5 dB
	5.0 dB
	16 dB
	16 dB

	Non-Colliding CRS+CRS-IC
	-3.0 dB
	-3.0 dB
	5 dB
	5.0 dB
	N/A
	N/A


For the Test 2 setup, we first look at the curves with colliding CRS in Figure 1 and 2. From Figure 1, we have the following observations:
· For 4QAM the performance gap between behaviour A and behaviour B is small relative to higher modulation schemes, particularly in the presence of CRS interference (i.e. -5 dB power difference). This precluded 4QAM as a suitable MCS test scheme.

· For 16 or 64QAM, behaviour A UE performance is very poor, causing nearly 15 dB performance loss at 70% of maximal throughput when compared to performance without timing and frequency offsets while behaviour B UE without CRS-IC has much better performance than behaviour A UE. An error floor of about 10% is also observed for behaviour B UE.

· The performance Behaviour B UE with CRS-IC is almost identical to the performance without timing and frequency offsets in most cases (except 64QAM with 5 dB interference).
· Performance of colliding CRS is always better than non-colliding CRS.

· 64QAM performance is more sensitive to CRS interference compared to the lower modulation schemes. Fig. 12 shows that neither behaviour A nor B reach 70% throughput even at very high SNR in this case.

· If 64QAM ¾ is used, we see from that behaviour B UE with CRS-IC also has similar performance to the case without timing and frequency offsets. Compared to 16QAM ½, the error floor for behaviour B without CRS-IC increases to about 40%. Because these scenarios are colliding CRS and TM10 is used, CRS is only used in frequency and time tracking. Therefore it is apparent to us that CRS-IC can provide significant benefit in frequency error estimation and should be considered as the reference receiver for Test 2.
· When TP1 CRS is not colliding with TP2 CRS, frequency error compensation is not an issue any more. Behaviour B UE without CRS-IC can also achieve performance very close to that without frequency offset. Our results for 16QAM and 64QAM also show significant performance gain due to CRS-IC. With 16QAM ½, PDSCH demodulation performance of behaviour B UE with CRS-IC is almost identical to that with colliding CRS and without timing and frequency offsets. However with 64QAM ¾, behaviour B UE with CRS-IC still has a 50% error floor in PDSCH. This is because the residual CRS interference due to non-ideal CRS-IC becomes the dominating factor in demodulation at high SNR. Nevertheless CRS-IC is still proven to be helpful in this case.
From these observations, we have the following proposals:
Proposal 2: For DL CoMP demodulation Test 2, 16QAM ½ or 64QAM ¾ EPA-5Hz with TP power imbalance of -5 dB can be used in conjunction with the PDSCH SNR test points in Table 3 of this contribution for freq offset of ∆f = 200 Hz.
Proposal 3: CRS-IC is proven to be very helpful in frequency error compensation and demodulation in Test 2, especially for higher order modulations 16QAM and 64QAM which are of interest to the test cases. Therefore, CRS-IC should be considered as the reference receiver in Test 2.

Proposal 4: CRS-IC is proven to be very helpful in CoMP scenarios with non-colliding CRS. If non-colliding CRS is an important scenario in CoMP deployment, we suggest a new demodulation test with non-colliding CRS and CRS-IC as the reference receiver.
2.3 SNR test

Finally, we comment on including a SNR test to ensure UE performing correct SNR estimation based on DM-RS rather than CRS. To evaluate the impact on demodulation performance due to SNR mismatch, we take a short cut by setting a fixed SNR value for use in the MMSE detector and the channel estimator. Simulations are done by sweeping SNR values for 64QAM, R=0.47, close-loop PMI feedback, TM9 (Fig 13) or 64QAM, R=0.47, open-loop TM9 (Fig 14) or 16QAM, R=0.65, open-loop TM9 (Fig 15). In these figures, SNR numbers in legends are the fixed SNR values for MIMO detection and channel estimation. SNR in the x-axis is the PDSCH SNR value excluding beamforming gain.

It is observed that the performance difference due to SNR mismatch is smaller (up to about 1 dB) with open-loop TM9. Close-loop TM9 with 64QAM has the largest performance difference due to SNR mismatch (up to 2 dB). The SNR mismatch can be created in Test 1 by setting the CRS power differently from the PDSCH power. CRS power and PDSCH power are defined in the following.
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(range described in 36.331, PDSCH-Config IE)
We think the performance difference due to SNR mismatch is significant enough to be verified in DL CoMP demodulation tests. It is also quite easy to create a test scenario so that CRS SNR is different from PDSCH SNR by choosing a proper Pa number. From 36.331, the maximal CRS vs. PDSCH power difference is achieved by setting Pa to -6 dB, which should maximize the demodulation performance loss due to SNR estimation based on CRS instead of DMRS.
Proposal 5: Consider setting Pa of TP2 in Test 1 to -6 dB in order to verify UE estimating SNR based on DMRS.
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:
Proposal 1: For DL CoMP demodulation Test 1, 16QAM ½ EPA-5Hz with TP power imbalance of -5 dB can be used in conjunction with the PDSCH SNR test points in Table 1 of this contribution for timing offsets of ∆t = 2.0 µs and ∆t = -0.5 µs.
Proposal 2: For DL CoMP demodulation Test 2, 16QAM ½ or 64QAM ¾ EPA-5Hz with TP power imbalance of -5 dB can be used in conjunction with the PDSCH SNR test points in Table 3 of this contribution for freq offset of ∆f = 200 Hz.
Proposal 3: CRS-IC is proven to be very helpful in frequency error compensation and demodulation in Test 2, especially for higher order modulations 16QAM and 64QAM which are of interest to the test cases. Therefore, CRS-IC should be considered as the reference receiver in Test 2.

Proposal 4: CRS-IC is proven to be very helpful in CoMP scenarios with non-colliding CRS. If non-colliding CRS is an important scenario in CoMP deployment, we suggest a new demodulation test with non-colliding CRS and CRS-IC as the reference receiver.
Proposal 5: Consider setting Pa of TP2 in Test 1 to -6 dB in order to verify UE estimating SNR based on DMRS.
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Simulation results
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Fig 1: Demod Test 1 - Timing offset 4QAM 1/3 under 0 dB serving cell CRS interference
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Fig 2: Demod Test 1 - Timing offset 4QAM 1/3 under 5 dB serving cell CRS interference
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 Fig 3: Demod Test 1 - Timing offset 16QAM 1/2 under 0 dB serving cell CRS interference
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Fig 4: Demod Test 1 - Timing offset 16QAM 1/2 under 5 dB serving cell CRS interference
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Fig 5: Demod Test 1 - Timing offset 64QAM 3/4 under 0 dB serving cell CRS interference
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Fig 6: Demod Test 1 - Timing offset 64QAM 3/4 under 5 dB serving cell CRS interference
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Fig 7: Demod Test 2 - Frequency offset 4QAM 1/3 under 0 dB serving cell CRS interference
[image: image10.png]Throughput (Mbps)

TEST2 (freq. offset): 4QAM 1/3 at Af = 200 Hz with 5 dB serving cell CRS interf. level

CoMP Scetario3 DPS/DPB 2 5 : I - Non-Colliding CRS Ideal (AT - 0 Hz)

| =€ Colliding CRS Ideal (Af = 0 Hz)

----- Nen-Colliding CRS Bhvr. A

=B Celliding CRS Bhvr. A

----- Nen-Colliding CRS Bhvr. B

-6~ Caolliding CRS Bhvr. B

----- Nen-Colliding CRS Bhvr. B + CRS-IC
| =7-Colliding CRS Bhwr. B + CRS-IC

p
Behaviour B: preFFT tied te TP1 CRS + postFFT tied to TP2 CRS
Nen-Colliding CRS: [TP1 cell ID] = [TP2 cell ID] :
Colliding GRS [TP1: celg D] = [TP2: gell 1D} med@

f
5 -4 2 0
PDSCH SNR (dB)




 Fig 8: Demod Test 2 - Frequency offset 4QAM 1/3 under 5 dB serving cell CRS interference
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Fig 9: Demod Test 2 - Frequency offset 16QAM 1/2 under 0 dB serving cell CRS interference
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Fig 10: Demod Test 2 - Frequency offset 16QAM 1/2 under 5 dB serving cell CRS interference
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Fig 11: Demod Test 2 - Frequency offset 64QAM 3/4 under 0 dB serving cell CRS interference
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Fig 12: Demod Test 2 - Frequency offset 64QAM 3/4 under 5 dB serving cell CRS interference
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Fig 13: Throughput performance of a MMSE receiver with mismatched-SNR. (TM9, Close loop CSI-FB mode 1-1, 64QAM and code rate =0.47, EPA5 )
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Fig 14: Throughput performance of a MMSE receiver with mismatched-SNR. (TM9, open loop, 64QAM and code rate =0.47, EPA5 )
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Fig 15: Throughput performance of a MMSE receiver with mismatched-SNR. (TM9, open loop, 16QAM and code rate =0.65, ETU5 )

Annex B

Simulation assumptions
Table 4: 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, -0.5

	Frequency error (Hz)
	0
	200

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