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1	Introduction
At the RAN #102, R19 WI on AI/ML for NR Air Interface is approved and it includes several study objectives on the CSI feedback enhancement with corresponding checkpoints in RAN #105 (Sept ’24) [1]. In previous RAN1 #116 meeting, various evaluation assumptions for R19 study of CSI prediction and compression was discussed and it was agreed that 20ms CSI-RS periodicity is added and encouraged for CSI-RS configuration in further evaluation of temporal domain aspects of AI/ML-based CSI compression as below [2].
	Agreement
For the evaluation of temporal domain aspects of AI/ML-based CSI compression using two-sided model in Release 19, adopt the following evaluation assumptions:
· CSI-RS configuration
· Periodic: 5 ms periodicity (baseline), 20 ms periodicity(encouraged)
· Aperiodic (for cases with prediction): Optional, CSI-RS burst with K resources and time interval m milliseconds (based on R18 MIMO eType-II) 
· CSI reporting periodicity: {5, 10, 20} ms; other values are not precluded
· For cases with the use of past CSI information, to report observation window, including number/time distance of historic CSI/channel measurements.
· For cases with prediction, to report prediction window, including number/time distance of predicted CSI/channel.


In this contribution, we discussed the practical operation scenario of AI/ML-based CSI compression feature using temporal domain aspects considering practical configuration of current 5G commercial network (e.g., 20ms CSI-RS periodicity).
2	Discussion
2.1	Practical CSI-RS configuration
As discussed in [3], 5ms CSI-RS periodicity is not practical setting in commercial 5G network. Firstly, shorter CSI-RS periodicity is not free and it directly leads to a decrease of DL peak throughput due to increase of CSI-RS transmission in time. For example, the typical DL peak throughputs of mid-band TDD 5G system with 100MHz bandwidth, 30kHz sub-carrier spacing, 4:1 TDD pattern (i.e., DDDSU) and TDD S slot format of 10:2:2 (i.e., DL : Gap : UL) for various CSI-RS periodicities are shown in below table.
[Table 1. DL peak throughput for various CSI-RS periodicities]
	CSI-RS periodicity
	DL Peak Throughput (Mbps)
	Loss (%)
	Loss (%)

	160ms
	1539.1
	Ref.
	+1.2%

	20ms
	1521.2
	-1.2%
	Ref.

	5ms
	1459.9
	-5.1%
	-4.0%


Other detail assumptions based on current commercial 5G network setting are as follows.
· SSB: Single-SSB transmission per 20ms, no SSB power boosting (i.e., 3 RBGs are used for SSB).
· CSI-RS: Both 8 Port CSI-RS and 32 Port CSI-RS are transmitted in different DL slots (e.g., 2nd D and 3rd D) according to given periodicity, since there still exists legacy UEs which cannot support 32 Port CSI-RS.
· CSI-IM: 4 Port CSI-IM is allocated in same slot and symbol with 8 Port CSI-RS according to given periodicity.
· TRS: transmitted in 2 adjacent slots per 80ms. 4 symbols is used for TRS transmission in each slot.
· DM-RS: 1+1 single-symbol DM-RS (without considering MU-MIMO based on doubled-symbol DM-RS)
· FDM (Frequency Division Multiplexing) options between PDSCH and other channel
· CSI-RS & PDSCH FDM: unused REs in CSI-RS transmission symbol is used for PDCSH transmission
· PDCCH & PDSCH FDM: not used, the 1st symbol for each slot is used only for PDCCH transmission
· MCS was down-selected so that code-rate did not exceed 0.95 in FDM slots, since the number of REs for Data in FDM slot is lower than that of non-FDM slot.
Observation 1. For typical 100MHz bandwidth NR TDD mid-band system, theoretical DL peak throughput with 5ms CSI-RS periodicity is reduced by -4.0%, -5.1% compared to 20ms and 160ms CSI-RS periodicity, respectively.
Also, more importantly, it seems to be expected that AI/ML based CSI compression or prediction has positive gain at some high speed (e.g., 60km/h) only. However, -4% peak throughput loss due to CSI-RS periodicity change from 20ms to 5ms will be applied without uncertainty. So, as an operator, unless the percentage of fast-moving users is very high compared to that of stationary or walking users, it is very difficult to apply the AI/ML based CSI compression or prediction features from the perspective of overall cell capacity and performance optimization.
Observation 2. Peak throughput loss due to CSI-RS periodicity change from 20ms to 5ms affects all users without uncertainty. However, AI/ML based CSI compression or prediction can be useful to limited users who moves faster than a certain level. Therefore, it is very difficult to apply 5ms CSI-RS periodicity in commercial network unless the percentage of fast-moving users is dominate in target cells.
For the cross-check purpose, we performed the field trial with 5ms CSI-RS periodicity configuration in our live network to understand current implementation status and feasibility of  5ms CSI-RS periodicity configuration. Firstly, CSI reporting periodicity was maintained at 20ms even if we reduced CSI-RS transmission periodicity to 5ms from 20ms, since there is no gNB manufacturer in our network which supports 5ms CSI reporting periodicity configuration. Secondly, the UL SRS-based DL beamforming function was turned off to evaluate DL beamforming performance based on UE CSI reporting (i.e., PMI codebook).
[Figure 1. Field trial cluster with 5ms CSI-RS periodicity]
[image: 지도, 텍스트, 평면도, 스크린샷이(가) 표시된 사진

자동 생성된 설명]
From the driving test (average speed: 22km/h) in trial cluster with 5 NR cells as shown in Figure 1 above, we found that there is huge throughput loss (-53%) when we changed CSI-RS periodicity to 5ms under current implementation status.
[Table 2. DL throughput performance with 5ms CSI-RS periodicity ]
	TC
	CSI-RS
Periodicity
	CSI Report
Periodicity
	SRS based DL Beamforming
	NR MAC
(Mbps)
	SS-RSRP
(dBm)
	DL MCS
	PDSCH
BLER

	TC1
	20ms
	20ms
	Off
	917.5 
	-82.7 
	19.6 
	13.0 

	TC2
	5ms
	20ms
	Off
	435.3 
	-82.8 
	13.1 
	25.2 


From the detail slot level analysis, we found that decoding of all DL transmissions in slots includes 32 ports CSI-RS with 5ms CSI-RS periodicity are failed at the UE side. The root cause of this issue was not further analysed (it can be implementation issue of base station or/and UEs). However, from this field trial activity with latest gNB software and flagship UE, it is clear that 5ms CSI-RS periodicity is not widely used setting in commercial 5G network. (i.e., it requires additional implementation and interoperability test for commercialization).
[Figure 2. Slot-level BLER of 5ms CSI-RS periodicity field trial]
[image: ]
Observation 3. From the field trial with 5ms CSI-RS periodicity configuration, it is observed that there is huge throughput loss (-53%) when we changed CSI-RS periodicity to 5ms from 20ms under current implementation status. So, it is clear that 5ms CSI-RS periodicity is not widely used setting in commercial 5G network. (i.e., it requires additional implementation and interoperability test for commercialization).
2.2	Practical scenario of CSI compression
In previous RAN1 #116 meeting, AI/ML-based CSI compression evaluation scenario was categorized into 6 cases based on target CSI slots, whether to use past CSI information in UE and/or network as below.
	Agreement
For the evaluation of temporal domain aspects of AI/ML-based CSI compression using two-sided model in Release 19, adopt the following categorization for study:
	Case
	Target CSI slot(s)
	Whether the UE uses past CSI information
	Whether the network uses past CSI information

	0
	Present slot
	No
	No

	1
	Present slot
	Yes
	No

	2
	Present slot
	Yes
	Yes

	3
	Future slot(s)
	Yes
	No

	4
	Future slot(s)
	Yes
	Yes

	5
	Present slot
	No
	Yes



Note 1: For the UE, the past CSI information may include past model inputs and/or any information derived from them. For the network, the past CSI information may include past CSI feedback instances and/or any information derived from them.
Note 2: For case 3 and case 4, the UE may perform prediction as a separate step or jointly with compression. Similarly, the network may perform prediction as a separate step or jointly with reconstruction. Companies to report which option is selected, the number of future slots, and whether the prediction is AI/ML-based or not.
Note 3: “Target CSI slot(s)” refers to the slot(s) to which the CSI feedback in the report corresponds. “Present slot” refers to the slot of the most recent CSI-RS measurement used to generate the CSI report. “Future slot(s)” includes at least one slot after the present slot and may include the present slot as well. 
Note 4: Down-selection is not precluded. 


If we ignore the ‘Case 0’ which does not use past CSI information at both UE and network, it can be broadly divided into two types based on target CSI slots: i) Case 1, 2, 5 = present slot, ii) Case 3, 4  = future slot(s)
When target CSI is present slot (i.e., for case 1,2 and 5), AI/ML-based CSI compression operation diagram can be illustrated as in Figure 3. From this figure, it is clear that it still has ‘CSI aging issue’ even if we use some temporal domain past information for CSI compression and/or reconstruction (i.e., UE and/or NW uses past CSI information for its CSI encoder and decoder, respectively). Also, more importantly, since target CSI is fixed to a single slot (=present slot), it cannot be smoothly extended for high speed UE (e.g., 60km/h) performance enhancement when we consider more longer and practical CSI-RS periodicity e.g., 20ms.
[Figure 3. AI/ML-based CSI compression when target CSI is present slot (case 1, 2, 5)]
[image: ]
Observation 4. When target CSI is present slot (i.e., for case 1,2 and 5), it still has ‘CSI aging issue’ even if we use past CSI information for CSI compression and/or reconstruction. Also, more importantly, since target CSI is fixed to a single slot (=present slot), it cannot be smoothly extended for high speed UE (e.g., 60km/h) performance enhancement when we consider more longer CSI-RS periodicity e.g., 20ms.
When target CSI is future slot(s) (i.e., for case 3, 4), AI/ML-based CSI compression operation diagram can be illustrated as in Figure 4. 
[Figure 4. AI/ML-based CSI compression when target CSI is future slot(s) (case 3, 4)]
[image: ]
In contrast, since case 3 and 4 allow multiple future CSI reports, AI/ML-based CSI compression feature can be designed to reduce ‘CSI aging issue’ and ‘performance gain degradation’ for high speed UE (e.g., 60km/h) when we consider more longer CSI-RS periodicity e.g., 20ms. For example, if AI/ML model at UE and network can successfully encode and decode four future CSIs (i.e., n +  5/10/15/20ms) per each latest CSI-RS measurement (i.e., n), respectively, we can achieve similar beamforming performance when we use 5ms CSI-RS and CSI report periodicity without CSI aging effect.
Observation 5. If target CSI is future slot(s) (i.e., for case 3, 4), AI/ML-based CSI compression feature can be designed to reduce ‘CSI aging issue’ and ‘performance gain degradation’ for high speed UE (e.g., 60km/h) even if we consider more longer CSI-RS periodicity e.g., 20ms.
Based on above observations, we proposed as follow:
1. For the evaluation of temporal domain aspects of AI/ML-based CSI compression using two-sided model in Release 19, Case 3 and 4 (i.e., Target CSI slot(s) = Future slot (s)) are prioritized than others.
[bookmark: _Hlk527071819]3	Conclusions
In this contribution, we discussed the practical operation scenario of AI/ML-based CSI compression feature using temporal domain aspects considering practical configuration of current 5G commercial network (e.g., 20ms CSI-RS periodicity).
Observation 1. For typical 100MHz bandwidth NR TDD mid-band system, theoretical DL peak throughput with 5ms CSI-RS periodicity is reduced by -4.0%, -5.1% compared to 20ms and 160ms CSI-RS periodicity, respectively.
Observation 2. Peak throughput loss due to CSI-RS periodicity change from 20ms to 5ms affects all users without uncertainty. However, AI/ML based CSI compression or prediction can be useful to limited users who moves faster than a certain level. Therefore, it is very difficult to apply 5ms CSI-RS periodicity in commercial network unless the percentage of fast-moving users is dominate in target cells.
Observation 3. From the field trial with 5ms CSI-RS periodicity configuration, it is observed that there is huge throughput loss (-53%) when we changed CSI-RS periodicity to 5ms from 20ms under current implementation status. So, it is clear that 5ms CSI-RS periodicity is not widely used setting in commercial 5G network. (i.e., it requires additional implementation and interoperability test for commercialization).
Observation 4. When target CSI is present slot (i.e., for case 1,2 and 5), it still has ‘CSI aging issue’ even if we use past CSI information for CSI compression and/or reconstruction. Also, more importantly, since target CSI is fixed to a single slot (=present slot), it cannot be smoothly extended for high speed UE (e.g., 60km/h) performance enhancement when we consider more longer CSI-RS periodicity e.g., 20ms.
Observation 5. If target CSI is future slot(s) (i.e., for case 3, 4), AI/ML-based CSI compression feature can be designed to reduce ‘CSI aging issue’ and ‘performance gain degradation’ for high speed UE (e.g., 60km/h) even if we consider more longer CSI-RS periodicity e.g., 20ms.
Based on above observations, we proposed as follow:
1. For the evaluation of temporal domain aspects of AI/ML-based CSI compression using two-sided model in Release 19, Case 3 and 4 (i.e., Target CSI slot(s) = Future slot (s)) are prioritized than others.
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