
3GPP TSG RAN WG1 #104b-e		R1- 2102393
e-Meeting, April 12th – 20th, 2021

Source:	OPPO
Title:	CSI feedback enhancements for URLLC
Agenda Item:	8.3.1.2
Document for:	Discussion and Decision

Introduction
In RAN1 #102e, following agreements were made for CSI feedback enhancements:  
	Agreement:
· For Case-2 new reporting, continue studying with focus on the new reporting type based on PDSCH decoding for OLLA performance enhancement for initial and re-transmissions of PDSCH.
Agreements:
For Case-1 New reporting, the following candidate schemes have been identified to address the fast interference change over time. Continue studying with focus on the identified schemes below for further study and evaluation.
· Scheme 1a: New reporting quantity based on CQI/SINR statistics, e.g.,
· CQI/SINR statistics (e.g., mean, variance, etc.)
· CSI prediction
· Scheme 1b: New reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.)
· Scheme 1c: New reporting quantity based on modifying existing reporting format, e.g.,
· CQI reporting considering the worst subbands
· Subband CQI granularity enhancement
· Scheme 1d: New reporting quantity related to CSI expiration time
· Scheme 1e: New reporting quantity with partial information update, e.g.,
· CSI reporting with interference update only


In this contribution, we further elaborate our views on the CSI enhancements, focusing on case-1 and case-2 new reporting.
Discussion
1. 
2. 
2.1. Case-1 new reporting 
In Rel-15/16, there are periodic CSI (P-CSI), semi-persistent CSI (SP-CSI) and aperiodic CSI (A-CSI) reports. A-CSI report is triggered by DCI and the content types in CSI report can be semi-statically configured. Only PUSCH could be used for A-CSI transmission. As mentioned in the introduction, it was agreed in RAN1 #102e meeting to study case-1 new reporting to address the fast interference change over time. One simple way to achieve this is to make CSI report frequent enough so that gNB can obtain sufficient information of channel/interference variations to avoid out-of-date CSI being used to schedule PDSCH transmissions. For P-CSI or SP-CSI report, this requires small CSI reporting periodicity and dense measurement resources which increase DL signaling overhead. For A-CSI report, the CSI computation time is defined for different cases as summarized in following Table 1 and Table 2 [2], where Z represents the time requirement between the last symbol of PDCCH triggering the CSI report(s) and the first uplink symbol to carry the corresponding CSI report(s) and Z’ describes the timeline from last symbol of latest aperiodic CSI-RS resource and the first uplink symbol to transmit the CSI report(s). (Z1, Z1’) of table 1 can be used only if all of the following conditions are met: CSI is triggered without a PUSCH with either transport block or HARQ-ACK or both and the CSI to be transmitted is a single CSI and corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI'. For other cases, (Z, Z’) in table 2 is used. It is observed that the CSI computation time is much longer with regard to latency of URLLC service. Therefore, it is not feasible to rely on making existing CSI report very frequent to address the fast interference change over time, no matter from the perspective of signaling overhead of measurement resource or from the perspective of meeting latency requirement for URLLC. A simple way to cope with this is to reduce CSI computation time, i.e., CSI report with partial information update can be considered.
Table 1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



Table 2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2
	Z3
	Z'3

	0
	22
	16
	40
	37
	22
	X0

	1
	33
	30
	72
	69
	33
	X1

	2
	44
	42
	141
	140
	min(44,X2+ KB1)
	X2

	3
	97
	85
	152
	140
	min(97, X3+ KB2)
	X3



In Rel-15/Rel-16, the report quantity can be configured in CSI-ReportConfig. The candidate parameter includes 'none', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RSRP', 'cri-SINR', 'ssb-Index-RSRP', 'ssb-Index-SINR' and 'cri-RI-LI-PMI-CQI'. It is observed that CQI always needs to be reported together with RI and/or PMI. However, for typical URLLC scenario, such as factory automation, the spatial related information may not change frequently. It is also observed in LTE system that different report quantities exhibit different stability over time. So, it is reasonable to report CQI only.
[bookmark: _GoBack]If only CQI is updated based on the latest RI and PMI, the computation time could be decreased significantly since UE does not need to iterate all combinations of {RI, PMI, CQI}. For example, for a DL configured with 8 Tx antenna ports at gNB, 2 Rx antenna ports at UE and type-I single-panel codebook, as shown in Table 3, the computation complexity reduces from O(192) for report of {RI, PMI, CQI} to O(1) for report of CQI only. 
Table 3. CSI processing complexity per report content
	Report contents
	Processing complexity

	{RI, PMI, CQI}
	O(4*4*4 + 4*4*2*4 = 192)

	{CQI}
	O(1)



Proposal 1: For case-1 reporting, RAN1 focuses on CSI report with partial information update, i.e. with CQI report only.
2.2. Case-2 new reporting 
OLLA is used to assist MCS selection at the gNB side and the outcome of OLLA operation is to maintain a target BLER. A typical and reasonable implementation for OLLA is to set the adjustment step for ACK and NACK depending on the target BLER. This may work well for eMBB with target BLER 1e-1; however, for URLLC service with target BLER 1e-5, there exist some challenges for legacy OLLA operation. On one hand, there is so few NACK that the contribution of NACK-based adjustment can almost disappear; so when the transport block is correctly decoded but the channel status starts to become worse, it is likely for the next packet to fail. In such a case, the latency and reliability may not be satisfied for traffic with tight latency budget which allows only one-shot transmission. On the other hand, once a NACK occurs, the MCS would be dragged down significantly and a catch-up with high MCS needs hundreds or thousands of ACK events even when the channel and interference return to normal. In such a case, the efficiency of OLLA would be lower, which finally reduces spectral efficiency as well. Therefore, case-2 new reporting targeting at OLLA performance enhancements is desirable.
In general, the basic principle of case-2 new reporting is to make the OLLA operation more efficient and keep up with the channel/interference variations more promptly. A straightforward way is to report additional OLLA guidance information together with ACK/NACK. For example, UE can report suitable MCS or delta MCS compared to the MCS of current PDSCH based on the PDSCH decoding status. To be more specific, 
· When the PDSCH decoding results in an ACK: Even with ACK is reported, UE may observe that the channel condition is getting worse and the estimated block error rate (based on channel condition) is higher than the target BLER. If this happens, UE can report a lower MCS which can fulfill the target BLER under the current channel and interference condition so that the OLLA outer loop is adjusted before a PDSCH decoding error occurs. In contrast, without this additional MCS report, gNB would select an equal or even higher MCS for the next transmission, which has high chance to fail in a getting-worse channel environment. If UE observes that the estimated block error is lower than target BLER, the UE can report a higher MCS along with ACK to inform gNB of an MCS that can better fit current channel state for higher spectral efficiency.
· When the PDSCH decoding results in a NACK: In legacy OLLA, gNB lowers the selected MCS upon reception of NACK without knowing how bad the channel becomes, hence the adjustment step may be either not large enough to catch up with the channel variations or too large to achieve appropriate scheduling. With UE reported (delta) MCS, gNB can get more information of the current channel status and then adapt to suitable MCS for retransmission with consideration of combining gain. Some companies may argue that gNB can schedule the retransmissions or next packet on other PRB resources with better CQI. However, with tight latency budget of URLLC traffic, gNB might not get updated CQI report in most of cases, since the computation time for A-CSI is large in relative to the URLLC latency and P-CSI/SP-CSI needs very dense CSI-RS resource for measurement which enlarges DL signaling overhead. In addition, for URLLC service with relatively relaxed latency budget which allows more than one transmission, a typical implementation method for gNB is to use relatively aggressive MCS for the initial transmission, e.g., with target BLER equal to 1e-1, and more conservative MCS for retransmissions, e.g. with target BLER of 1e-3. In this case, the reason of NACK event is due to aggressive MCS selection, instead of bad channel and/or interference condition. It does not make sense then to seek different PRB resources for the retransmission. 
Simulation results are illustrated in Figure 1. The baseline scheme is legacy OLLA with wideband CSI report in 40ms periodicity. In the enhanced scheme, UE reports suitable MCS based on the current PDSCH decoding status and gNB selects MCS for the next transmission based on the reported MCS. The simulation uses outer loop target rate of 1%; other assumptions and parameters can be found in appendix. Around -3dB interference is added for packets #15~24, #55~64, #75~100 (packets shown in Figure 1) in order to explore the impact of sporadic interference. The results show that the baseline scheme needs to wait for the updated CQI report or many OLLA adjustments to return to target BLER performance while the enhanced scheme can go back to normal over very few packets. Therefore, the proposed scheme provides better capability of converging than the baseline scheme. It is worth to note that the converging capability is of significant importance for sporadic traffic, since in most of cases there may be not enough packets being sacrificed to train to target BLER performance. 
[image: ]
Figure 1: Convergence performance of reported MCS 
Based on the analysis above, case-2 new reporting can improve convergence performance without consuming additional measurement resources. Moreover, the reported (delta) MCS is obtained via PDSCH decoding, hence no extra computation and latency is required. Therefore, it is preferred that case-2 new reporting is supported with details further studied.
Observation 1: The report of (delta) MCS in case-2 reporting improves convergence performance with no additional overhead of measurement resource and no increase of computation time budget.
Proposal 2: The report of (delta) MCS is supported as case-2 reporting in Rel-17, with details FFS.
Conclusions
In this contribution, we discuss on case-1 and case-2 new reporting and following proposals are made:
Proposal 1: For case-1 reporting, RAN1 focuses on CSI report with partial information update, i.e. with CQI report only.
Observation 1: The report of (delta) MCS in case-2 reporting improves convergence performance with no additional overhead of measurement resource and no increase of computation time budget.
Proposal 2: The report of (delta) MCS is supported as case-2 reporting in Rel-17, with details FFS.
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Appendix
Table 1: Link-level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2 GHz

	Channel model 
	TDL-C, 300 ns

	SCS 
	15 kHz

	BS antenna configuration
	4 Tx

	UE antenna configuration
	2 Rx

	Number of layers
	1

	PRB number
	50 PRB 
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