3GPP TSG-RAN WG4 Meeting # 96-e 
                               R4-2009584
Electronic Meeting, 17 Aug – 28 Aug, 2020
Source:
China Telecom
Title:
UE demodulation and CSI reporting requirements for FR2 DL 256QAM
Agenda Item:
7.10.3
Document for:
Discussion
1. Introduction

In RAN4 #95e meeting, the UE demodulation and CSI reporting requirements for FR2 DL 256QAM were discussed, and the way forward was approved in [1]. This paper discusses the open issues.
2. Discussion
2.1 PDSCH demodulation requirements
Rx impairment
The following agreement was reached in RAN4 #95e:
· Rx impairment modelling and band agnostic requirements
· …
· FFS on whether to explicitly model Rx impairment until the next meeting
We prefer not to model Rx impairment in the FR2 256QAM demodulation requirement, which is aligned with Rel-15 FR2 demodulation tests.

Proposal 1: Not model Rx impairment in the simulation.
Rank number
Current options in the WF:
· Rank

· Option 1: Rank 1

· Option 2: Define requirements for Rank 1, FFS on whether to define requirements for rank 2

· Option 3: Define requirements for single Rank configuration, i.e., either rank1 or rank 2

For the high modulation order of 256QAM, we propose to use rank 1 for FR2 256QAM demodulation tests. Note that rank 1 is also used in FR1 256 QAM demodulation test. 
Proposal 2: Use rank 1 for FR2 PDSCH demodulation requirements.

Propagation condition and MCS
The following options on MCS and propagation condition need to be further discussed in this meeting:
· MCS

· MCS 20 for rank 1, if requirements for rank 1 are to be defined.

· FFS for rank 2

· Propagation condition
· Option 1: Fading channel

· Option 1A: TDLA30-300 

· Option 1B: TDLD30-75

· Option 1C: TDLD30-35 

· Option 2: Static channel

· TBD in the next meeting based on more companies’ simulation results.
Firstly, we have strong view not to define PDSCH requirements in static channel condition, because some essential receive algorithms such as channel estimation cannot be verified under static channel.
For the exact fading channel model, our preference is to use TDLA30-300, since NLOS is more practical for demodulation tests and only TDLA model is used in Rel-15 FR2 demodulation tests. Note that LOS channel models including TDL-D and TDL-E have been not specified in TS 38.101-4 yet. In additional, UE performance under slightly higher speed scenario is proposed to be verified.
It is also noted that in the last meeting, it was agreed to use 50MHz CBW and MCS 20 for rank 1 demodulation test, so the testability is no longer an issue when using TDLA30-300 channel.

Proposal 3: Use TDLA30-300 fading channel for rank 1.
2.2 SDR requirements
In the last meeting, we proposed to define SDR test for FR2 256QAM, and reuse the FR1 256QAM MCS indexes for 1 and 2 MIMO layers in Table 5.5A-5 of TS 38.101-4.
We provided simulation results in terms of SNR point at 85% throughput for 2T2R, AWGN condition, TDD 120 kHz SCS, 100 MHz bandwidth [2]. Here we copy the results below:

Table 1: FR2 SDR simulation results using different MCS index
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS
	85% SNR point (dB)

	
	
	
	
	Alignment simulation results
	Alignment results + 2dB IM + 0.8dB extra margin

	1
	8
	1
	26
	21.3
	24.1

	1
	8
	0.8
	21
	16.0
	18.8

	1
	8
	0.75
	20
	15.4
	18.2

	1
	8
	0.4
	11
	6.8
	9.6

	2
	8
	1
	26
	24.4
	27.2

	2
	8
	0.8
	21
	19.3
	22.1

	2
	8
	0.75
	20
	18.5
	21.3

	2
	8
	0.4
	11
	9.9
	12.7


According to the “Spreadsheet 2 - Demod SNR range calculator.xls” file attached to the TR 38.810, for indirect far field (IFF) method, at least the SNR of 19.9 dB is feasible for 100MHz channel bandwidth. It was also analyzed in [3] that higher SNR compared to the numbers in TR 38.810 is achievable based on commercial test equipment. Additionally, as pointed out in [4], the testable SNR for SDR requirement is different because generation of noise is not needed and more power can be used for generation of useful signal, which will result in much higher testable SNR points.
Moreover, as known, RAN4 has already agreed not to put any limit on the upper SNR into the specification [5]:

· RAN4 does not put any limit on the upper SNR into the specification, it is up to each test system implementation whether a test case can be performed or not.

With the above analysis, we think that the chance for using 256QAM in FR2 SDR test does exist, and it is not reasonable to prevent introducing FR2 SDR tests due to the testability issue. 
Observation 1: The chance for using 256QAM in FR2 SDR test does exist, it is not reasonable to prevent introducing FR2 SDR tests due to the testability issue.

Proposal 4: Define FR2 SDR requirements for 256QAM:
· Add MCS indexes 26, 21, 20 and 11 in MCS table 2 for both 1 and 2 MIMO layers. 
· Run simulations to derive the required SNR at 85% throughput for MCS 20 to MCS 26 in MCS table 2, with both 1 layer and 2 layers.
2.3 CQI reporting requirements
Whether to define FR2 CQI reporting requirements for CQI table 2

We support to define CQI reporting test for FR2 256QAM, because CQI table 1 is used in Rel-15 FR2 CQI reporting requirements and CQI table 2 is needed to be covered for FR2 in Rel-16.
At the same time, we would like to make it clear that we are not intend to increase the number of test cases. For the test applicability for UE supporting FR2 256QAM, the corresponding Rel-15 FR2 CQI test using CQI Table 1 can be replaced by the new defined CQI Table 2 test.
Proposal 5: Define FR2 CQI reporting test using CQI Table 2.
Proposal 6: For the test applicability for UE supporting FR2 256QAM , the corresponding Rel-15 FR2 CQI test using CQI Table 1 can be replaced by the new defined CQI Table 2 test.
Propagation condition
For propagation condition, we propose to cover both AWGN and fading channels to align with the FR1 CQI test in Rel-15.
Proposal 7: Cover both AWGN and fading conditions.
SNR testing point and other parameters
In the last meeting, there were concerns about the testable SNR point, so here we would like to provide our simulation results under AWGN propagation condition.

In our simulation, the parameters for Rel-15 FR2 CQI Table 1 test under AWGN condition are reused. In additional, the percentage of reported CQI >11 (corresponding to 256QAM) is recorded.

Table 2. Simulation results of CQI table 2 reporting under AWGN condition
	SNR (dB)
	Percentage of reported CQI index in {median CQI1 -1, median CQI1 +1} (%)
	BLER with following median CQI - 1
	BLER with following median CQI + 1
	Percentage of reported CQI > 11 (%)

	16.0
	100.0
	0.00
	1.00
	0.00

	18.0
	100.0
	0.00
	1.00
	0.55

	19.0
	100.0
	0.00
	1.00
	49.00

	20.0
	100.0
	0.00
	0.99
	99.00


From the simulation results, it can be observed that when the SNR is 18dB or lower, the chance of reporting CQI cover 256QAM is nearly none.
To cover CQI reporting corresponding to 256QAM, we propose to configure higher SNR test points than that in CQI table 1 tests, i.e., use 19/20 dB for AWGN condition and 17/18 dB for fading condition in FR2 CQI table 2 test. In addition, we propose to use channel bandwidth of 50MHz for both AWGN and fading conditions to have higher achievable SNR. The other test parameters defined for Rel-15 CQI Table 1 test can be reused.
Observation 2: In AGWN condition, when the SNR is 18dB or lower, the chance of reporting CQI corresponding to 256QAM (i.e., CQI index > 11) is nearly none.

Proposal 8: To cover CQI reporting corresponding to 256QAM, configure higher SNR test points, i.e., 19/20 dB for AWGN condition and 17/18 dB for fading condition in FR2 CQI table 2 test.
Proposal 9: Use channel bandwidth of 50MHz for both AWGN and fading conditions to have higher achievable SNR.

Proposal 10: The other test parameters defined for Rel-15 CQI Table 1 test can be reused.
3. Conclusion
This paper discussed the open issues on UE demodulation and CSI reporting requirements for FR2 DL 256QAM.
The following proposals were given for PDSCH demodulation requirements:
Proposal 1: Not model Rx impairment in the simulation.
Proposal 2: Use rank 1 for FR2 PDSCH demodulation requirements.

Proposal 3: Use TDLA30-300 fading channel for rank 1.

The following observations and proposals were given for SDR requirements:
Observation 1: The chance for using 256QAM in FR2 SDR test does exist, it is not reasonable to prevent introducing FR2 SDR tests due to the testability issue.

Proposal 4: Define FR2 SDR requirements for 256QAM:
· Add MCS indexes 26, 21, 20 and 11 in MCS table 2 for both 1 and 2 MIMO layers. 

· Run simulations to derive the required SNR at 85% throughput for MCS 20 to MCS 26 in MCS table 2, with both 1 layer and 2 layers.
The following observations and proposals were given for CQI reporting requirements:

Proposal 5: Define FR2 CQI reporting test using CQI Table 2.
Proposal 6: For the test applicability for UE supporting FR2 256QAM , the corresponding Rel-15 FR2 CQI test using CQI Table 1 can be replaced by the new defined CQI Table 2 test.

Proposal 7: Cover both AWGN and fading conditions.
Observation 2: In AGWN condition, when the SNR is 18dB or lower, the chance of reporting CQI corresponding to 256QAM (i.e., CQI index > 11) is nearly none.
Proposal 8: To cover CQI reporting corresponding to 256QAM, configure higher SNR test points, i.e., 19/20 dB for AWGN condition and 17/18 dB for fading condition in FR2 CQI table 2 test.

Proposal 9: Use channel bandwidth of 50MHz for both AWGN and fading conditions to have higher achievable SNR.

Proposal 10: The other test parameters defined for Rel-15 CQI Table 1 test can be reused.
4. Reference
[1] R4-2008817, WF on UE demodulation and CSI reporting requirements for FR2 DL 256QAM, China Telecom, RAN4 #95e, May 2020.
[2] R4-2006041, UE demodulation and CSI reporting requirements for FR2 DL 256QAM, China Telecom, RAN4 #95e, May 2020.
[3] R4-1911684, Views on testability of DL 256QAM for FR2, Qualcomm Incorporated, RAN4 #92bis, Oct 2019.
[4] R4-2006529, Discussion on UE performance requirements for FR2 256QAM, Intel Corporation, RAN4 #95e, May 2020.
[5] R4-1904794, WF on Noc, Es power setting, Intel Corporation, RAN4 #90bis, Apr 2019.
2

