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1	Introduction
RAN4#105 agreed with the way forward on physical layer throughput requirements [1]. This contribution discusses the open issues on the application layer throughput requirements. 
2	Discussion
2.1		Maximum rank and number of CSI-RS ports
	· Maximum rank and CSI-RS port number i.e., maximum rank 2 with 2 CSI-RS ports
Note) It’s not precluded to further discuss the possibility of extension the study with rank 4 and number of CSI-RS ports to 4 or 8 in future release.



In Rel-17 SI [2], RAN4 studied the feasibility of defining link adaptation absolute physical layer requirements in TS38.101-4. In the SI, RAN4 reused the RI reporting requirements defined in Rel-15 TS38.101-4. RAN4 RI reporting tests compare the DL throughputs between rank 1 and rank 2 with 2 CSI-RS ports.
One concern to extend the maximum rank from 2 to 4 is 1) it is applicable for 4Rx UE, and 2) the alignment of companies’ simulation results. For example, when we check the existing PDSCH demodulation requirements with FRC, the required SNR values to achieve 70% of maximum PDSCH throughput are about 11.0dB for rank 3 and 15.6dB for rank 4, with TDLA30-10 4x4 ULA condition (See, for example, TS38.101-4 Tables 5.2.3.1.1-5 and 5.2.3.1.1-6). For these tests, RAN4 configures MCS13 which corresponds to CQI index 8 in the case of CQI Table 1. 
From the network point of view, it is interesting whether UE reports lower rank with higher CQI index (e.g., rank 4 with CQI index 8) or higher rank with lower CQI (rank 2 with CQI index 13) to achieve the same throughput at SNR=15.6dB. On the other hand, we also have a concern simulation results are not aligned. In the worst case, if the span is very large, RAN4 cannot define the performance requirements. Since this is the first release for RAN4 to set the absolute physical layer throughput requirements, we prefer to follow the conclusion of SI results, which is up to rank 2.
It is also interesting to see the performance by configuring 4 or more CSI-RS ports but keeping the maximum reporting rank to 2. We think the benefit of this configuration is to apply for 2 Rx UE also. However the difference between the baseline 2 CSI-RS ports configuration and 4 or more CSI-RS ports configuration is only the reported PMI, and the PMI reporting performance can be verified with the exiting PMI reporting tests, where it is configured 4, 8, 16, and 32 CSI-RS ports with TypeI-SinglePanel Codebook. To minimize the impact of possible misalignment, we prefer to keep 2 CSI-RS ports for Rel-18. 
Proposal 1: Rel-18 absolute physical layer throughput requirements should be set with up to rank 2 with 2 CSI-RS ports.
2.2	Enabling OLLA or not
One of the open issues is whether to enable open loop link adaptation (OLLA) in the transmitter or not during the tests. 
	· Disabling OLLA for physical layer TP requirements as a baseline
Interested companies can bring further analysis on the OLLA impact 



Since RAN4 UE demodulation and CSI reporting requirements have never enabled OLLA, we have considered the simple OLLA algorithm to adjust the target code rate (CR) as shown in Figure 1.
	Delta_up := Delta_down / (1/BLER_Target - 1) 
For each slot UE returns HARQ-ACK
  If UE returns ACK
    CR := CR – Delta_downd
  Else // UE returns NACK
    CR := CR + Delta_up
  End
  Select CQI according to the updated target code rate (CR)
End


[bookmark: _Ref127271871]Figure 1	Example of OLLA algorithm. 
Figure 2 shows the BLER, scheduled MCS, and reported ranks over slots for FR1 SCS=15kHz TDLA30-5, 2Rx, with two SNR test points (SNR=5dB and 15dB). In this figure, BLER is derived from the average of last 500 slots. This simulation enabled OLLA in Figure 1, where we set BLER_Target to 10% and Delta_down to 0.1. 
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	(a) SNR=5dB
	(b) SNR=15dB


[bookmark: _Ref124793037]Figure 2	BLER, scheduled MCS, and reported rank. 

In this simulation, we modified the CSI reporting function so that it reports the preferred PMI and rank, but CQI index is fixed to 15 regardless of the measurement results. With this modification we have confirmed the UE cannot pass the existing CQI definition tests in TS38.101-4. 
When we observe the first few hundred slots, since the UE reports CQI index 15 only, the scheduled MCS indexes are high (>20), and therefore the BLER statistics is high (or PDSCH decoding success rate is low) compared with the target BLER of 10%. However after 500 slots, the scheduled MCS indexes are reduced and the BLER statistics becomes close to the target BLER of 10%, thanks to the OLLA algorithm at the transmitter. The simulation results imply, when OLLA is enabled in the test equipment, UE may pass the absolute throughput performance requirements even if UE does not report the proper CQI index.
Observation 1: OLLA does not adjust RI and PMI.
Observation 2: OLLA schedules proper MCS regardless of reported CQI index by UE.
We think the purpose of the absolute throughput performance requirements is also to verify UE reports the proper CQI indexes together with PMI/RI according to the channel condition, but enabling OLLA in the system simulator cannot verify the UE’s CSI estimation algorithm.
Proposal 2: Not apply OLLA for the absolute throughput performance requirements. TE should schedule PDSCH according to the reported CSI reporting only.

2.3	Channel model
	· Reuse channel models in SI phase
· FR1: Table 5.10.3-1 in TR 37.901-5, i.e., TDLA30-5
· FR2: Table 5.10.3-1 in TR 37.901-5, i.e., TDLA30-35
· Note) For FR1, other options such as high-doppler not precluded pending on further evaluation



Rel-17 SI studied TDLA30-5 for FR1 and TDLA30-35 for FR2 only, by reusing the Rel-15 RI reporting requirements. In our understanding, one of the motivations of this absolute throughput performance requirement is to introduce the conformance tests that measure throughput close to what would be experienced by a user [2]. 
RAN4 discussed the possibility of considering larger delay spread and/or higher Doppler conditions, but several companies had concern to set higher Doppler frequency. Since the CQI/RI/PMI delay is 6ms for FR1 SCS=15kHz test, the maximum Doppler frequency should be less than 70Hz (≈ 0.423/delay_period) to keep the channel coherency during the delay period at least. Moreover RAN4 assumes the wideband CQI/PMI reporting and FR1 SCS=30kHz test uses CBW=40MHz in the tests. If we keep the flat fading condition over the CBW, the delay spread should be less than 25ns (= 1/BW). Considering the minimum performance requirements and simulation result alignment purpose, we are fine to use the same channel models as Rel-17 SI, that is TDLA30-5 for FR1 and TDLA30-35 for FR2. 
Proposal 3: Use TDLA30-5 for FR1 test cases.
Proposal 4: Use TDLA30-35 for FR2 test cases. 
2.4	Maximum number of HARQ transmission
	· Set the maximum number of HARQ transmission to 1’ is a baseline assumption
· Note) Further analysis the TP difference between physical layer and upper layer with re-Transmission disabled are not precluded.  



RAN4 usually don’t assume HARQ retransmission for CQI/RI reporting tests because the purpose of these tests is to verify the CQI definition as specified in TS38.214 5.2.2.1, e.g., PDSCH BLER should not exceed 10% for CQI tables 1, 2, and 4. On the other hand, the absolute throughput performance requirements do not verify the reported CQI indexes but verify the PDSCH demodulation performance. 
Figure 3 shows our simulation results for 2Rx UEs where we compare the result throughputs between disabling and enabling HARQ retransmissions. For HARQ retransmission case, we allow 3 retransmissions as same as the existing PDSCH demodulation requirements. According to our simulation results, the result PDSCH throughputs are improved especially in higher SNR regions. However our general concern is the alignment of simulation results. Theoretically if UE reports the conservative (lower) CQI/RI values, PDSCH can be decoded with the initial transmission and retransmissions may not happen so often. Alternatively, UE may report aggressive (higher) CQI/RI values then HARQ retransmissions help to decode PDSCH since the probability of PDSCH decoding success rate at the initial transmission is low. The retransmission may be a risk since the reported CQI/RI values become obsolete due to the channel coherent time limitation, as we discussed in channel model part.
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	(a) FR1 FDD SCS=15kHz, 2Rx
	(b) FR1 TDD SCS=30kHz, 2Rx
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	(c) FR2 TDD SCS=120kHz, 2Rx
	


[bookmark: _Ref124779546]Figure 3	Performance comparison between enabling and disabling HARQ retransmissions. 

RAN4 also discussed the impact to application layer throughput performance especially for the case application layer uses TCP instead of UDP. However we think RAN4’s performance requirements only need to ensure the decoding performance (e.g., throughput or BLER) at PHY/MAC layers, and it is the RAN5’s responsibility how to use RAN4’s performance requirements when they specify the conformance tests. 
Proposal 5: Disable HARQ retransmissions for the absolute throughput performance requirements. 

2.5	Other open issues
2.5.1	Section for ATP specification in TS38.101-4
	· Option 1. Specify the absolute physical layer throughput requirements with link adaptation under the CSI reporting requirements in TS38.101-4, i.e., clause 6.x for FR1 and clause 8.x for FR2
· Option 2. Create new sub-clause 5.6 and new sub-clause 7.6 for ATP requirements



Since the absolute throughput performance requirements with link adaption is a combination of PDSCH demodulation and CSI reporting requirements, RAN4 should discuss where the requirements to be specified in TS38.101-4. 
Option 1 is to specify the requirements under the CSI reporting such as 6.x for FR1 and 8.x for FR2, and Option 2 is to specify the requirements under the demodulation requirements such as 5.x for FR1 and 7.x for FR2.
We slight prefer to specify the requirements under the CSI reporting requirements because the test framework is very close to the existing RI reporting requirements. But we are also fine to specify in the PDSCH demodulation sections. 
Proposal 6: RAN4 specify the absolute physical layer throughput requirements with link adaptation under the CSI reporting requirements in TS38.101-4, that is, clause 6.x for FR1 and clause 8.x for FR2.
2.5.2	Applicability and release independency
	· Option 1: The requirement with link adaptation should be applicable for all NR UEs without any new applicability rules, and the requirement should be release independent from Rel-15
· Option 2: The requirement with link adaptation should be applicable from Rel-18 and not release independent from Rel-15 considering that companies are providing the latest results.



Since the test parameters of the absolute physical layer throughput requirements discussed so far are almost same as Rel-15 RI reporting requirements, the requirements can be set from Rel-15. However Rel-15 specification has frozen long time ago, and many Rel-15 UE chipsets have already been in the market. Also, the absolute physical layer throughput requirements will reuse almost same test configuration as Rel-15 RI reporting tests. Therefore, we think the legacy UE should be able to pass the absolute physical layer throughput requirements as far as the UE passes the Rel-15 RI reporting test. Therefore, we think it is sufficient to define the new absolute physical layer throughput requirements from Rel-18.  
Proposal 7: Absolute physical layer throughput requirements should be applicable from Rel-18.
4	Summary
Proposal 1: Rel-18 absolute physical layer throughput requirements should be set with up to rank 2 with 2 CSI-RS ports.
Observation 1: OLLA does not adjust RI and PMI.
Observation 2: OLLA schedules proper MCS regardless of reported CQI index by UE.
Proposal 2: Not apply OLLA for the absolute throughput performance requirements. TE should schedule PDSCH according to the reported CSI reporting only.
Proposal 3: Use TDLA30-5 for FR1 test cases.
Proposal 4: Use TDLA30-35 for FR2 test cases. 
Proposal 5: Disable HARQ retransmissions for the absolute throughput performance requirements. 
Proposal 6: RAN4 specify the absolute physical layer throughput requirements with link adaptation under the CSI reporting requirements in TS38.101-4, that is, clause 6.x for FR1 and clause 8.x for FR2.
Proposal 7: Absolute physical layer throughput requirements should be applicable from Rel-18.
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