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1. Introduction

In RAN4 #94e-bis meeting, we discussed the UE demodulation and CSI reporting requirements for FR2 DL 256QAM, and the way forward was approved in [1]. This paper discusses the open issues.
2. Discussion
2.1 PDSCH demodulation requirements
Tx EVM
Current options in the WF:

· Tx EVM
· Option 1: 3%
· Option 2: 3.5%
· Option 3: 2%

According to the agreement in RF session, the BS EVM core requirement for FR2 256QAM is agreed as 3.5%, which is the same as that for FR1 256QAM. As know, better EVM can be achieved in the test equipment. In Rel-15 NR single carrier PDSCH demodulation requirements, Tx EVM of 3% is used for FR1 256QAM simulation. Therefore, we propose to reuse 3% Tx EVM for FR2 256QAM simulation.

Proposal 1: Assume 3% Tx EVM in the simulation.
Rx EVM
Current options in the WF:

· Rx EVM

· Option 1: 2% 

· Option 2: Not Specified

· Option 3: Consider agreements from WF R4-1811394 as starting point and check if it is applicable to 256QAM discussion

We prefer not to specify Rx EVM in the FR2 256QAM demodulation requirement, which is aligned with Rel-15 FR2 demodulation tests.

Proposal 2: Not specify Rx EVM in the simulation.
Rank number
Current options in the WF:
· Rank

· Option 1: rank 1

· Option 2: rank 1 and 2

· Other options are not precluded

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 3: Use rank 1.

Propagation condition, MCS and PRB number
When deciding the propagation condition, MCS and PRB number, the FR2 OTA link budget can be taken into account.

For propagation condition, the following options are listed in WF:

· Propagation condition

· Option 1: Fading channel

· Option 1a: TDLA30-300
· Option 1b: TDLD30-75
· Option 1c: TDL-D for Rank 1, TDL-D for Rank 2
· Option 1d: TDL-A for Rank 1, TDL-D for Rank 2
· Option 1e: TDLD30-35
· Option 2: Static channel

· TBD based on simulation results

We do not think defining FR2 256QAM demodulation test under static channel is a good idea. As known, some essential receiver algorithms such as channel estimation cannot be verified under static channel. Moreover, we prefer to use NLOS channel, which is more typical for demodulation tests. Note that LOS channel models including TDL-D and TDL-E have been not specified in TS 38.101-4. As a result, we propose to use NLOS channel model for FR2 256QAM demodulation tests. 
In the last meeting, we provided simulation results for MCS 20 (the lowest MCS of 256QAM) and 100MHz bandwidth with full PRB allocation, which showed the required SNR for TDLA30-300, TDLA30-75 and TDLC60-300 channel are 17.76 dB, 17.82 dB and 17.80 dB respectively [2]. So it is obvious that the SNR under typical NLOS fading channels is testable in FR2. If companies still have concern on the testable SNR, we can compromise to consider partial PRB allocation. 
For the exact NLOS channel model, our preference is TDLA30-300, since TDLA is more widely used in FR2 demodulation tests and TDLA30-300 covers higher UE speed compared to TDLA30-75.
Observation 1: Based on our simulation results for MCS 20 and 100MHz bandwidth with full PRB allocation, the SNR under typical NLOS fading channels is testable in FR2.
Proposal 4: Use TDLA30-300 fading channel .
As for the channel bandwidth and PRB number, we have following options in the WF:

· Channel bandwidth and PRB allocation

· Option 1: 100MHz CBW with full PRB allocation

· Option 2: 100MHz CBW with partial PRB allocation

· Option 3: 50MHz CBW with full PRB allocation

We support to use either option 1 or option 2 since 100MHz CBW is more typical for FR2 UE. For 100MHz CBW, the allocated PRB number can be the same as that for 50MHz CBW, and we can decide the allocated PRB number based on the simulation results from more companies. Moreover, depending on whether full PRB or partial PRB allocation is used, we can use MCS 20 or higher MCS for 256QAM demodulation requirements.
Proposal 5: Use either option 1 or option 2 for channel bandwidth and PRB allocation, i.e., 100MHz CBW with full or partial PRB allocation.
Proposal 6: Use MCS 20 or higher MCS depending on the allocated PRB number.
Carrier frequency

Current options in the WF:

· Carrier frequency
· Option 1: band agnostic
· Option 2: Further analyze whether it is possible to define band agnostic requirements
We prefer option 1 because all the existing Rel-15 FR2 tests are defined in a band agnostic way.
Proposal 7: Define FR2 256QAM demodulation requirements in a band agnostic way.
Other parameters:
For the other parameters, we would like to share our views on the following open issues in the WF:

· DM-RS configuration
· Option 1: Type 1 single symbol front loaded, 1 additional DMRS
· Option 2: Type 1 single symbol front loaded, 0 additional DMRS

· PRB bundling size and Precoding model
· Option 1: 
· PRB bundling size: 2
· Precoding model: Random Precoding, per slot, WB granularity
· Other options are not precluded
Since we have proposed to use TDLA30-300 channel model for the demodulation test, we prefer option 1 for DM-RS configuration, which is more typical for fading channels. Similarly, we prefer option 1 for PRB bundling size and precoding model.
Proposal 8: Use option 1 for DMRS configuration, i.e., DMRS 1+1.
Proposal 9: Use option 1 for PRB bundling size and precoding model 
· PRB bundling size: 2

· Precoding model: Random Precoding, per slot, WB granularity
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.
Several companies raised the testable SNR issue. Hence we run simulation using the MIMO layer and MCS indexes we proposed in the last meeting. The required SNR at 85% relative throughput for 2T2R MIMO, AWGN condition, TDD 120 kHz SCS, 100 MHz bandwidth are shown 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

	Note:
MCS Index for maximum modulation format 8 is based on MCS index table 2 defined in clause 5.1.3.1 of TS 38.214 [12]


It is worth noted that the spectral efficiency for 64QAM MCS 27 in MCS table 1 (spectral efficiency of 5.332) and 256QAM MCS 21 in MCS table 2 (spectral efficiency of 5.5547) are very close, and their required SNRs are similar. In Rel-15, FR2 SDR requirements have already been defined for 64QAM MCS 27 in MCS table 1. So, it is reasonable to define FR2 256QAM SDR requirements at least for MCS up to 21.
For 256QAM MCS 26, the required SNR is much higher especially for 2 layers, which might be challenging for the real test. Meanwhile, we already had the following agreement in Rel-15 [3]:

· 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. 
So, following the approach for Rel-15 FR2 SDR requirements, we propose to define the required SNR at 85% throughput for MCS 20 to MCS 26 in MCS table 2, with both 1 layer and 2 layers. 
Observation 2: The spectral efficiency and required SNRs for 64QAM MCS 27 in MCS table 1 and 256QAM MCS 21 in MCS table 2 are very close.
Observation 3: For 256QAM MCS 26, the required SNR is much higher especially for 2 layers, but RAN4 already agreed not to put any limit on the upper SNR into the specification.
Proposal 10: 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

In the last meeting, we proposed 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 should be covered for FR2 in Rel-16.
There were concern raised about the testable SNR point, but we have not seen the issue considering the following:

· In NR Rel-15 FR1 CQI tests with CQI table 2, the maximal SNR is only 15 dB or 13 dB.
· In LTE 256QAM CQI test, the maximal SNR in AWGN and fading conditions is 21dB and 17 dB respectively.

As a result, we propose to define FR2 CQI reporting requirements for CQI table 2.

Proposal 11: Define FR2 CQI reporting requirements for CQI table 2.
SNR testing point
Regarding the SNR testing point, we propose to define higher SNR test points because if we reuse the SNR setup for NR Rel-15 FR1 CQI tests, the opportunity of reporting CQI indexes corresponding to 256QAM is quite small or none.

Proposal 12: Cover higher SNR testing point compared to that in Rel-15 FR2 CQI tests.
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 13: Cover both AWGN and fading conditions.
Other parameters
For the other parameters, it is proposed to reuse the Rel-15 FR2 assumptions.

Proposal 14: For other parameters, reuse the assumptions in Rel-15 FR2 CQI tests.
3. Conclusion
This paper discussed the open issues on UE demodulation and CSI reporting requirements for FR2 DL 256QAM.
The following observations and proposals were given for PDSCH demodulation requirements:

Proposal 1: Assume 3% Tx EVM in the simulation.
Proposal 2: Not specify Rx EVM in the simulation.
Proposal 3: Use rank 1.
Observation 1: Based on our simulation results for MCS 20 and 100MHz bandwidth with full PRB allocation, the SNR under typical NLOS fading channels is testable in FR2.
Proposal 4: Use TDLA30-300 fading channel .

Proposal 5: Use either option 1 or option 2 for channel bandwidth and PRB allocation, i.e., 100MHz CBW with full or partial PRB allocation.

Proposal 6: Use MCS 20 or higher MCS depending on the allocated PRB number.

Proposal 7: Define FR2 256QAM demodulation requirements in a band agnostic way.

Proposal 8: Use option for DMRS configuration, i.e., DMRS 1+1.
Proposal 9: Use option 1 for PRB bundling size and precoding model 

· PRB bundling size: 2

· Precoding model: Random Precoding, per slot, WB granularity
The following observations and proposals were given for SDR requirements:

Observation 2: The spectral efficiency and required SNRs for 64QAM MCS 27 in MCS table 1 and 256QAM MCS 21 in MCS table 2 are very close.

Observation 3: For 256QAM MCS 26, the required SNR is much higher especially for 2 layers, but RAN4 already agreed not to put any limit on the upper SNR into the specification.
Proposal 10: 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 proposals were given for CQI reporting requirements:

Proposal 11: Define FR2 CQI reporting requirements for CQI table 2.
Proposal 12: Cover higher SNR testing point compared to that in Rel-15 FR2 CQI tests.
Proposal 13: Cover both AWGN and fading conditions.
Proposal 14: For other parameters, reuse the assumptions in Rel-15 FR2 CQI tests.
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