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The Ad Hoc for geographically non-collocated antennas (non-quasi-co-located antennas) was held on Thursday evening in RAN4 #64.
Legend:

Agreed Way Forward in the ad hoc discussion
Informal WF reached after the evening ad hoc among interested companies.
No consensus during the ad hoc discussion
1
Link level simulation results and observation
1.1
Reference
[1]R4-123987, Geographically non-colocated antennas, Qualcomm Incorporated
[2]R4-124282, UE performance in non-colocated antenna deployments, Renesas Mobile Europe Ltd

[3]R4-124283, Discussion on geographically separated antennas, Huawei, HiSilicon

[4]R4-124697, Discussion and way forward for non qualsi colocated work, Ericsson/ST-Ericsson

[5]R4-124695, Simulation results for non quasi colocated antenna ports, Ericsson/ST-Ericsson

[6]R4-123984, DRAFT LS response to antenna ports co-location, Qualcomm Incorporated

1.2
Simulation results and observation
1.2.1 Timing impact

· In [1] from Qualcomm:
[image: image1.emf]-6 -4 -2 0 2 4 6 8 10121416182022242628 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

x 10

4

TM9 throughput with positive timing offset

Geometry (dB)

Throughpout (kpbs) 

 

 

Time error 0 uS

Time error 1 uS

Time error 2 uS

Time error 3 uS

Time error 4 uS

Time error 5 uS

[image: image2.emf]-6 -4 -2 0 2 4 6 8 10121416182022242628 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

x 10

4

Geometry (dB)

Throughpout (kpbs) 

TM9 throughput with negative timing offset

 

 

Time error 0 uS

Time error -1 uS

Time error -2 uS

Time error -3 uS

Time error -4 uS

Time error -5 uS


Figure 1: TM9 throughput with DM-RS having timing offset w.r.t. CRS

Observation 1: Legacy UE may suffer significant throughput loss with -1 usec timing offset between DM-RS and CRS.

Observation 2: UE implementation with an optimized FFT timing could achieve only a small performance loss with +/-1 usec timing offset between DM-RS and CRS.
[In the simulations the UE employed a timing offset estimator to estimate the offset between DM-RS and CRS and utilized the timing offset for channel estimation. Certain legacy UE implementations that ignore the timing offset may see further throughput degradation due to the additional impact on channel estimation.]
For Rel-11 UEs, we propose to impose performance requirements that rule out UE implementation that is very sensitive to timing offset between DM-RS and CRS. 

Proposal: Define all Rel-11 TM9 UE performance requirements with +/- 1 usec timing offset.
DM-RS and CSI-RS antenna port mismatch:
In TM9 operation, a UE is expected to provide CSI-RS based CQI, PMI and RI, which leads to proper BLER over the reference resources. In general, it is expected that the choice of MCS, rank, and beam selection by eNB for PDSCH transmission from certain DM-RS antenna ports will be derived from the UE’s CSI reporting based on the same physical set (or a subset) of CSI-RS antenna ports as the DM-RS ports. In this regard, UE can expect that there should no timing offset between the DM-RS and its linked CSI-RS antenna ports (linked in the sense that the rate and beam selection for the DM-RS based PDSCH is derived from the feedback base on the CSI-RS).

Based on the above, for RAN4 testing, we do not recommend additional UE requirements with CSI-RS and DM-RS antenna ports timing offset.
· In [2] from Renesas:
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Figure 3: FRC (QPSK-1/3) – EPA5 – 2.604s       Figure 9: FRC (64QAM-3/4) – EPA5 – 2.604s      
-
Overall, most of the differences between the investigated cases show up in the low SNR range ([-6dB,+5dB]).

-
Demodulation timing obtained from CSI-RS timing estimation and DCI signalling [2] provides overall the best throughput performance, which is very close to the ideal/reference case (no delay, no timing estimation). The reason is that CSI-RS features larger amount of samples for (wideband) timing estimation wrt. DM-RS timing estimation per 3 or even 6 PRBs.

-
Timing estimation over DM-RS suffers up to ~1.3dB loss at low SNR with 3 PRB (=1 PRG) estimation width and with 6 PRB estimation the maximum loss reduces to ~1dB.
· In [3] from Huawei:
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· Figure 2. Impact of received timing offset
•
With an offset of 2us, the performance loss of the MMSE channel estimator is acceptable if the UE can correct the phase shift caused by the timing offset after the FFT.

•
With an offset of 2us, the LS channel estimator suffers a significant performance loss.

•
With an offset of -2us, which means signal from the serving cell is 2 us earlier than the FFT timing window, the performance of UE demodulation breaks down even when a better channel estimator is used due to the introduction of severe ISI. It is therefore critical for UE to be capable of estimating the timing offset of the serving transmission point and adjust the timing of the FFT window accordingly.

Observation 2: Without a correct timing adjustments there would be a significant performance loss especially for the cases where the signal of the serving cell arrives earlier than that of the macro cell, which frequently happens in CoMP scenarios.
Proposal 2: Signaling of a CSI process index for the scheduled PDSCH can provide a UE with a reference for received timing and channel characteristics experienced by the DMRS and the PDSCH.
· In [4] [5] from Ericsson/ST-Ericsson:

· [image: image6.png]throughput_actual

10

ETU, FFT size 512

12

10

CRS and DM-RS :n—\n:ated\

E3




· Figure 5: ETU5 performance for 64QAM, 16QAM and QPSK.
For 64QAM, the introduction of a timing offset (even a timing offset of +1 sec) degrades the performance by ~2dB at 90% of the maximum throughput.
Discussion points:
1. Timing offset defined for Rel-11 TM9 UE performance requirements [1]:

Question: Do we define timing offset for all Rel-11 TM9 UEs?

E//: postpone the decision in RAN4, focus on simulation assumptions in this meeting.
Renesas: focus on simulation assumption.

QC: we actually mean new TM mode.

2. Timing offset to be evaluated in RAN4 performance requirements?
Options: -2, -1, 1, 2 (us) etc.
E//: this should be discussion in the simulation assumption as below.
3. Timing estimation over DM-RS vs. additional knowledge on co-located CSI-RS and DMRS, only from RAN4 performance’s perspective [1][2][3]:
Question 1: Does additional knowledge on co-located CSI-RS and DMRS provide an important performance gain? 
E//: RAN1 is still discussing this. 

QC: same as E//

Renesas: assume DCI first in RAN4 and then see RAN1 decision.

E//: keep it open for time being. Interested companies to study.

Renesas: Include it in RAN4 study for time being.

E//: what kind of simulation to run?

Question 2: Does RAN4 need to report to RAN1 and RAN2 about the performance comparison by LS?
4. For the performance evaluation, do we also consider timing impact on the channel estimation?
QC: Yes
E//: practical algorithm should be used.

QC: in addition to practical algorithm, companies are free to study the impact separately

5. Is a common simulation assumption needed for future RAN4 evaluation?

Details are in Section 2 below.

E//: consider initial simulation assumption now 

Way forward:
1. Do we define timing offset for all Rel-11 TM9 UEs?

WF: postpone the decision in RAN4, focus on simulation assumptions in this meeting.
2. For the performance evaluation, do we also consider timing impact on the channel estimation?
WF: in addition to practical channel estimator, companies are free to study the impact separately

3. Is a common simulation assumption needed for future RAN4 evaluation?

WF: RAN4 only consider initial simulation assumption now.
1.2.2 Impact of frequency tracking error
· In [3] from Huawei:

According to TS36.104, frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The minimum requirement of frequency error defined in 36.104 is quoted here in Table 1. Assuming the modulated carrier frequency is 2.6GHz, the maximum frequency shift between two Wide Area BSs could be 0.1 ppm, which is 260Hz.
Table 1. Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm
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Figure 3. Impact of frequency shift
Based on the results shown in Figure 3, we have the following observations:

1)
The performance loss is about 1.5dB at medium to high SNR region when the fixed frequency error is 40Hz.

2)
The performance breaks down when the frequency shift is fixed to 80Hz.
· In [4] from Ericsson/ST-Ericsson:

Proposal 5: Evaluate the impact of frequency error on the overall performance when quasi collocation assumption cannot be assumed.
Discussion:
Way forward:
Interested companies are encouraged to study frequency error between BSs in next meeting.
1.2.3 Frequency-selective DPS (DM-RS and DM-RS antenna port mismatch)
· In [1] from Qualcomm:

It was decided in RAN1 that DM-RS for PDSCH may be assumed as quasi co-located within a subframe. Therefore, no additional UE requirement needs to be defined in RAN4.
· In [2] from Renesas:

Observation 1: It is a RAN1 decision whether to introduce frequency selective DPS feature. Should RAN1 agree on FS-DPS, RAN4 would then work on the corresponding requirement scenarios based on further input in a future LS from RAN1. 

Observation 2: A link level loss of up to ~1.3dB at low SNR was observed if the more restrictive assumption of quasi-colocation of DM-RS within one PRG is selected.

Observation 3: CSI-RS timing estimation as reference for DM-RS demodulation provides the most robust solution in terms of performance and with the least implementation complexity.
· In [3] from Huawei:

Proposal: frequency-selective DPS could be more sensitive to synchronization and channel properties than non-frequency-selective DPS. It may also increase the UE complexity due to the support of additional timing and frequency adjustment.
· In [4] [5] from Ericsson/ST-Ericsson:
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· Figure 9. EVA, performance degradation of per PRG wrt per subframe estimation for several delays (delay= DM-RSs timing –CRS timing).

For EVA the performance degradation is small for positive delays up to 2usec. For negative delays the loss in performance is high for delays <-1usec, while negligible for delays -0.5msec. Again when FFT shift is considered it can be argued that delays up to -1 usec can be acceptable.
If a timing delay of 1 us is considered in the RAN 4 test set up it will be difficult to discriminate between a UE which does per PRG estimation and a UE which does per subframe estimate.
Recommendation: (for future study) If per PRG DM-RS timing estimation UE capability needs to be verified, the timing offset should be reduced in order to make sure to discriminate between a wrong and a correct UE implementation.
Discussion points:
1. RAN4’s role in the discussion on FS-DPS:
Question: Does RAN4 need to provide performance evaluation and UE complexity evaluation on FS-DPS to facilitate RAN1’s discussion?
2. Performance impact [2]:
Is there a performance impact for per PRG estimation?
Way forward:
Not discussed due to the latest RAN1 decision.
1.2.4 Quasi-co-location assumption
Discussion points:
Quasi-co-location assumption for RAN4 simulation
Table for RAN4 simulation assumptions
	Cases
	Quasi-collocation assumption

	CRS ports
	Quasi-collocated within serving cell (agreed at RAN1#69)

	CSI-RS ports in the same resource (measurement set)
	Quasi-collocated

	CSI-RS ports in different resources (measurement set)
	Not quasi-collocated (agreed at RAN1#69)

	DMRS ports associated with the same PDSCH
	Quasi-co-located within subframe

	CRS and DMRS
	Not quasi-collocated Timing range = -2.5:0.5:2.5 usec

	CRS and CSI-RS
	Not quasi-collocated

	CSI-RS and DMRS
	Follow the agreements in RAN1#70. 


Way forward:
Table above for RAN4 simulation assumptions to be used as the Quasi-colocation assumption for next meeting RAN4 simulation.
2
Framework of simulation assumptions for quasi-co-located antennas
2.1
Simulation assumptions
Open loop simulations (FRC) 

64QAM with coding rate 0.75, 

16QAM with coding rate 0.5 

QPSK with coding rate 0.33 

Optional case to be studied in RAN4#64bis: Closed loop simulations (adaptive CQI and adaptive PMI). RAN4 will make decision ONLY until closed loop is also studied in RAN4 
E//: this case depends on collocation CSI-RS and DMRS.

Intel: this case is even more important.

Companies to indicate whether Bundling of DMRS for channel estimation in next meeting.
Metric: Tput vs SNR
Carrier bandwidth=10MHz, Carrier frequency =2GHz
Channel model: EVA5, EPA5, ETU5. Interested companies can study the impact of higher Doppler
Renesas: CoMP UE all in low speed.
Transmission mode: TM9, 4x2 low, optional 2x2
PDSCH Resource allocation: 3, 6, 25, 50 

HARQ: 8 processes and max 4 retransmissions
Simulation length= 10000 subframes
Timing range = -2.5:0.5:2.5musec for the purpose of the study only
Channel estimation, synch algorithms, frequency tracking algorithms, PDP and delay spread estimators: practical
FFT timing: sync to CRSs 

Interested companies can also study frequency errors between non colocated ports: within 0 and 300Hz 
Separate simulation results for timing error and frequency error.
Discussion:

Way forward:
Open loop simulations (FRC) 

64QAM with coding rate 0.75, 

16QAM with coding rate 0.5 

QPSK with coding rate 0.33 

Companies to indicate whether Bundling of DMRS for channel estimation in next meeting.
Metric: Tput vs SNR
Carrier bandwidth=10MHz, Carrier frequency =2GHz
Channel model: EVA5, EPA5, ETU5.

Transmission mode: TM9, 4x2 low, optional 2x2
PDSCH Resource allocation: 3, 6, 25, 50 

HARQ: 8 processes and max 4 retransmissions
Simulation length= 10000 subframes
Timing range = -2.5:0.5:2.5usec for the purpose of the study only
Channel estimation, synch algorithms, frequency tracking algorithms, PDP and delay spread estimators: practical
Separate simulation results for timing error and frequency error.
2.2
Work plan for the simulation in next meeting:
Way forward:
Companies to simulate in next meeting according to the WF above.
3
Any other business (depending on the meeting time)


















