Page 1

3GPP TSG-RAN WG4 Meeting #76

R4-154149
Beijing, China, 24 – 28 Aug, 2015
Agenda item:
6.3.2
Source:
Intel Corporation
Title:
NAICS CSI reporting test cases and requirements
Document for:
Discussion
1. Introduction

In accordance to the NAICS WI Performance part objectives the RAN4 WG needs to define the demodulation and CSI feedback performance requirements for the NAICS receivers [1]. In the previous meetings different CSI reporting approaches for the NAICS receiver were studied, however no strict conclusions on the algorithm were reached [2]:
	· RAN 4 acknowledges that the UE is capable of computing CQI based on LMMSE-IRC
· Tests are already available to verify this behavior (type A receiver tests)
· FFS if new tests are required to account for NAICS conditions
· RAN 4 acknowledges that the UE is capable of computing CQI involving CRS-IC with the configuration of measurement set…
· Under the agreement of 3 layers cancelled by the UE under NAICS, and in particular in the absence of serving cell PDSCH for the intended UE, RAN4 does not have consensus on the feasibility of the CQI computation based on dynamic post NAICS…
· For Rel-12 NAICS RAN 4 can adopt only CQI reporting based on solutions that are agreed to be feasible.
· Whether an LS to RAN 1 is required is FFS.


In the last RAN4 meeting the CSI test setup was discussed and the following agreements were made [3]:
	· Specify at least one NAICS test for CQI reporting.

· Test purpose: CQI robustness for NAICS to ensure CQI reporting not worse than MMSE-IRC CQI reporting under non-NAICS favourable condition assuming NAICS receiver is used for demodulation.


In addition, the following agreements on the CSI test methodology were made [4]:

	· the minimum requirements are … by the following a) the ratio of throughput with NAICS assistance information obtained when transmitting the transport format indicated by each reported wideband CQI index subject to interference sources with specified  and that obtained when the NAICS assistance information is not sent to the UE when transmitting the transport format indicated by each reported wideband CQI index shall be ≥ γ


In this contribution we share our further views on the NAICS CSI reporting test setup and also provide the simulation results for the proposed scenarios.
2. Discussion on NAICS CQI reporting test setup
In the last meeting a “WF for NAICS CQI robustness test” was discussed but not agreed [5]. This WF provides a good background for further discussion on the CQI reporting test setup. Below, we share our views on the test setup parameters based on the proposals in the WF.
Transmission modes scenarios
In [5] three potential scenarios in terms of TM configurations were proposed:

· Scenario #1: TM4/4/4 for CRS-based TM with non-colliding CRS, 2x2
· Scenario #2: TM9/9/9 for DMRS based TM with non-colliding CRS, 2x2
· Scenario #3: TM10/9/9 for TM10 with non-colliding CRS, 2x2
In our view, there are certain benefits to introduce NAICS CSI reporting tests for the TM4 and TM9 scenarios to verify CRS and CSI-RS based CQI reporting. The introduction of an additional TM10 NAICS CSI test has lower importance as long as TM10 demodulation test case is introduced. Therefore, in the light of limited WI time budget the TM10 test can be deprioritized.

CSI reporting parameters
The following CSI reporting parameters are suggested for the NAICS test cases:
· CQI: There is no principal difference in UE implementation in terms of wideband and subband NAICS CQI reporting. Furthermore, NAICS studies focus on the non-full buffer traffic conditions which are typically characterized by wideband resource allocation and, hence, rely on wideband CQI reporting. Therefore, Wideband CQI reporting is suggested to be used along with the “follow CQI” approach.
· RI: The NAICS studies focused on the low geometry UEs and fixed RI=1 is suggested to be used for the tests
· PMI: As shown in Section 3 (Figures 1 - 4) there is no qualitative difference between using “fixed” and “follow” PMI approaches with the latter one achieving somewhat better performance. So, follow PMI approach is proposed to allow verification of the correct PMI reporting along with the CQI reporting.
· Reporting mode: PUCCH 1-1
· Reporting periodicity: 5ms for the CRS-based TM4 test case and 10ms for the DMRS-based TM9 test case.
Interference model

Following the last meeting agreements, the CSI test cases should be introduced for the NAICS unfavourable conditions and, thus, Low INR conditions similar to the demodulation robustness test case can be applied (i.e. I1/Noc = 3.28 dB, I2/Noc = 0.74 dB).
As discussed in the last meeting, either fixed (16QAM RI = 1 or 64QAM RI = 2) or randomized interference models are considered as potential candidates for the NAICS CSI tests cases. As shown in Section 3 (Figures 5-8) the relative throughput ratio statistics does not depend on the interference model. Therefore, we suggest to focus on the worst case scenario in terms of blind detection with fixed 64QAM rank 2 interference.
As mentioned below, for the CSI test we suggest to consider PDSCH transmission in a subset of subframes. To avoid any impacts on the CSI measurements, the interference signals are suggested to be transmitted in all subframes.
CSI-RS configurations
For the TM9/9/9 test case either overlapping or non-overlapping NZP/ZP CSI-RS configurations in the serving and neighbouring cells can be used. As shown in Section 3 (Figures 9-10), the difference between the two cases is minimal. So, non-overlapping configurations can be applied similar to the demodulation test cases. The exact ZP/NZP CSI-RS configuration used in the demodulation tests can be applied here as well.
Reference measurement channels

For the CSI reporting test case we suggest the following resource allocation parameters:

· FDD mode: PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5) with 50 PRB resource allocation

· TDD mode: UL/DL configuration 1, PDSCH is scheduled in SFs 4,9 with 50 PRB resource allocation

Depending on the test case, duplexing mode and subframe type, different number of PDSCH REs may be available and hence different CQI-2-MCS mapping rules would apply:

· TM 4/4/4 test case:
· All subframes for both FDD and TMM modes would have 6000 REs are available for the PDSCH transmissions and the existing “MCS.2” CQI to MCS mapping can be used. 
· TM 9/9/9 test case:

· FDD mode subframes 2-4 and 6-9 and TDD mode subframe 4: 5400 REs are available and the existing “MCS.5” CQI to MCS mapping can be used
· FDD mode subframe 1 and TDD mode subframe 9: 5100 REs are available and the existing “MCS.25” CQI to MCS mapping can be used

The proposed CQI to MCS mappings are based on the current specification and are shown in Table 1. 

Table 1. CQI-2-MCS table
	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Target Coding Rate
	OOR
	0.0762
	0.1172
	0.1885
	0.3008
	0.4385
	0.5879
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.9258

	Modulation
	OOR
	QPSK
	16QAM
	64QAM

	MCS Scheme
	PRB
	Available
RE-s
	Imcs

	MCS.2
	50
	6000
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27

	MCS.5
	50
	5400
	DTX
	0
	0
	2
	3
	5
	7
	10
	12
	14
	17
	19
	21
	23
	24
	25

	MCS.25
	50
	5100
	DTX
	0
	0
	1
	3
	5
	7
	8
	12
	13
	15
	18
	20
	22
	23
	24


Other parameters

The following additional parameters are suggested for the NAICS CSI rest cases:

· EPA5 on all cells

· No HARQ retransmissions used

· 10 MHz system bandwidth

Performance requirements

As shown in Section 3, the relative throughput ratio γ is typically slightly larger or equal to 1. At the same time, the requirements should take into account potential enhancement to the reference LMMSE-IRC receiver and hence should be slightly relaxed. In particular, we suggest to use γ = 0.85 as the target requirement.
Test points
The results in Section 3 show that the CSI reporting performance is stable inside the investigated SINR region. For the requirements definition, SINR = 0 and 1 dB test points are suggested. The requirements should be fulfilled at least for one of the points.
3. Simulation results

In this section we provide the simulation results for the NAICS CSI reporting test cases in FDD mode as discussed in Section 2. The following throughput results are provided for comparison purposes:
· TP1: NAICS signalling is configured with NAICS receiver on demod + MMSE-IRC receiver on CQI (Note 1)

· TP2: NAICS signalling is configured with NAICS receiver on demod + MMSE-IRC receiver on CQI with fallback mode switched off

· TP3: NAICS signalling is not configured with MMSE-IRC receiver on both demod and CQI (up to UE implementation to perform pure blind detection to get better performance or not)

· In addition we provide the relative throughput ratio statistics:
· γ1 = TP1/TP3

· γ2  = TP2/TP3

PMI model impact

First, we compare the CSI reporting performance under assumption of using “fixed” and “follow” PMI approaches. The simulation results for different test cases and different metrics are illustrated in Figures 1-4. The results show that in case of correct UE implementation the throughput ratio between the case of using LMSME-IRC and NAICS receivers is ~1 for both cases. The only difference between “fixed” and “follow” PMI approaches is the absolute throughput performance which is slightly higher for the “follow” PMI approach.
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	Figure 1. T-put ratio. TM4/4/4 test. 
Interference model: fixed 64QAM RI=2.
	Figure 2. T-put ratio. TM9/9/9 test. 
Interference model: fixed 64QAM RI2.
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	Figure 3. PDSCH throughput. TM4/4/4 test. 
Interference model: fixed 64QAM RI=2.
	Figure 4. PDSCH throughput. TM9/9/9 test. 
Interference model: fixed 64QAM RI=2.


Interference model impact

Next, we investigate the CSI reporting performance for the case of using different interference models including the fixed 16QAM RI = 1, fixed 64QAM RI = 2 and randomized models. The simulation results for different test cases and different metrics are illustrated in Figures 5-8. The results show that in case of correct UE implementation performance is almost same for all considered scenarios. 
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	Figure 5. T-put ratio. TM4/4/4 test. Follow PMI.
	Figure 6. T-put ratio. TM9/9/9 test. Follow PMI.
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	Figure 7. PDSCH throughput. TM4/4/4 test. Follow PMI.
	Figure 8. PDSCH throughput. TM9/9/9 test. Follow PMI.


CSI-RS configurations
Finally, we compare the CSI reporting performance for the case of using overlapping / non-overlapping CSI-RS configurations for the TM9/9/9 test case and the respective results are shown in Figures 9-10. The results indicate that both approach have almost similar performance in terms of both absolute throughput and relative throughput ratio metrics.
	[image: image9.emf]SINR, dB

-6 -4 -2 0 2 4 6 8 10

T

-

p

u

t

 

r

a

t

i

o

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Gamma 1, Non-Overlap CSI cfg

Gamma 1, Overlap CSI cfg


	[image: image10.emf]SINR, dB

-6 -4 -2 0 2 4 6 8 10

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

0

2

4

6

8

10

12

14

TP 1, Non-overlap CSI cfg

TP 3, Non-overlap CSI cfg

TP 1, Overlap CSI cfg

TP 3, Overlap CSI cfg



	Figure 9. T-put ratio. TM9/9/9 test. 
Follow PMI. Interference 64QAM RI=2.
	Figure 10. PDSCH throughput. TM9/9/9 test. 
Follow PMI. Interference 64QAM RI=2.


4. Conclusions

In this contribution we have shared our views on the NAICS CQI reporting test setup. In summary, we make the following proposal.
Proposal #1:
Use the following NAICS CSI reporting test parameters:

· Transmission modes scenarios:

· Scenario #1: TM4/4/4 for CRS-based TM with non-colliding CRS, 2x2

· Scenario #2: TM9/9/9 for DMRS based TM with non-colliding CRS, 2x2, non-overlapping CSI-RS

· CSI reporting: 

· Wideband CQI with follow CQI
· Fixed RI = 1

· Follow PMI
· PUCCH 1-1 reporting with 5ms periodicity for CRS-based TMs and 10ms periodicity for DMRS-based TMs

· Interference model

· Low INR profile with I1/Noc = 3.28 dB, I2/Noc = 0.74 dB

· Fixed 64QAM RI =2 interference model
· No interferer time/frequency offsets

· Interferers have active transmissions in all subframes
· Resource allocation

· FDD mode: PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5) with 50 PRB resource allocation

· TDD mode: UL/DL configuration 1, PDSCH is scheduled in SFs 4,9 with 50 PRB resource allocation

· CQI-to-MCS mapping

· TM4/4/4 test case: Use “MCS.2” CQI to MCS mapping table for subframes with 6000 PDSCH REs.

· TM9/9/9 test case: Use “MCS.5” and “MCS.25” CQI to MCS mapping table for subframes with 5400 and 5100 PDSCH REs.
· Other parameters

· EPA5 on all cells

· No HARQ retransmissions used

· 10 MHz system bandwidth

· 6% Tx EVM
· Performance requirements
· γ ≥ 0.85 for SINR = 0, 1 dB
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Annex – Simulation assumptions

	Parameter
	Value

	TX parameters

	Channel
	EPA-5Hz for all links

	Duplexing mode
	FDD

	System bandwidth
	10 MHz

	Number of interference BS
	2

	Cell ID
	Serving cell - 0, Interferer cell #1 - 1, Interferer cell #2 - 6

	Antenna configuration
	2x2, low correlation

	HARQ modelling
	Maximum 1 HARQ retransmissions

	Interference scenario
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Low INR:       I1/Noc = 3.28 dB,  I2/Noc = 0.74 dB

Interference pattern: ON/ON interference profile

	Useful signal transmission parameters
	PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

          50 PRB resource allocation

	Interference signal transmission parameters
	PDSCH is scheduled in SFs 0-9
          Randomized or fixed model

	Tx EVM
	6%

	CSI-RS 
	NZP CSI-RS TCSI-RS = 10, ∆CSI-RS = 1

ZP CSI-RS ICSI-RS = 6

Non-overlap configurations:

NZP CSI-RS configuration: 

Serving cell = 5

Interference cell 1 = 6

Interference cell 2 = 7

ZP CSI-RS bitmap: 

Serving cell            1000000000000000

Interference cell 1  0100000000000000

Interference cell 2  0010000000000000
Overlap configurations:

NZP CSI-RS configuration: 

Serving cell = 5

Interference cell 1 = 0

Interference cell 2 = 0

ZP CSI-RS bitmap: 

Serving cell            1000000000000000

Interference cell 1  0000010000000000
Interference cell 2  0000010000000000
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