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Introduction
RAN #92e provides the following RAN guidance to WGs for CSI feedback enhancement:
	· Revised Recommendation1: Provide the following RAN guidance on CSI feedback enhancement [RAN1]
· Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details (e.g. how to calculate delta-MCS) are up to further working group discussions.


where the schemes in RP-211297 include increasing granularity of subband CQI and reporting of delta-MCS [2][3].  
In this contribution, we further elaborate our views on the CSI enhancements, focusing on the case-2 reporting of delta-MCS.
Discussion on reporting of delta-MCS
1. 
2. 
OLLA is used to assist MCS selection at the gNB side in order 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 typical logic may work well for eMBB with target BLER 1e-1; however, for URLLC service with target BLER around 1e-5, there exist some challenges against legacy OLLA operation, which motivates case-2 new reporting targeting at OLLA performance enhancements. 
· First, the NACK occurrences are so rare that the contribution of NACK-based adjustment can almost disappear; so when a TB is correctly decoded but the channel status starts to become worse, the next packet is likely to fail. In such a case, the latency and reliability may not be satisfied for traffic whose latency budget allows only one-shot transmission. 
· Secondly, 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.
In general, the basic principle of case-2 new reporting is to make the OLLA operation more efficient and to catch up the channel/interference variations more promptly. A straightforward way is to report additional OLLA guidance information together with ACK/NACK, e.g., reporting of delta-CQI/MCS as accurate guidance for gNB to select a suitable MCS. 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 judge that the estimated BLER (based on channel condition) is to be 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 delta-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 BLER is lower than target BLER, the UE can report to gNB a higher 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 conservative 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 certain conservative MCS for retransmissions, e.g. with target BLER of 1e-5. 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 packet retransmission. 
A simulation is performed with results shown in Figure 1. In simulation, the baseline scheme is legacy OLLA with wideband CSI report in 40ms periodicity; in the enhanced scheme, UE reports delta-MCS based on the soft information from the current PDSCH decoding and gNB selects MCS for the next transmission by taking into account the reported delta-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 #95~105, #135~145, #175~#185 (packets follows the same slot indices 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 disappearance of interference 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 target BLER tracking 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 not be enough packets being sacrificed to train the control loop upon target BLER. 
[image: ]
Figure 1: Convergence performance of reported MCS
Based on the analysis above, reporting of delta-MCS can improve convergence performance without consuming additional measurement resources. Moreover, the reported delta-MCS is obtained from PDSCH decoding, hence no extra computation and latency is required. Therefore, the reporting of delta-MCS is beneficial and should be supported in Rel-17.
Observation 1: The reporting of delta-MCS improves convergence performance with no additional overhead of measurement resource and no increase of computation time budget.
Proposal 1: The reporting of delta-MCS is supported in Rel-17.
Next, we further elaborate our views on detailed design for reporting of delta-MCS, including the reference MCS for delta-MCS reporting, the BLER target, the quantization of delta-MCS and the reporting resource for delta-MCS.
The reference MCS for delta-MCS reporting:
The delta-MCS is defined as the difference between the target MCS and the reference MCS. The target MCS is the largest MCS index such that the estimated BLER for a TB received with this MCS index would be smaller than or equal to a BLER target. For the definition of the “reference MCS”, the following alternatives can be considered:
· Alt 1: the reference MCS is the MCS derived from the previous delta- MCS report.
· [bookmark: _Hlk77600986]Alt 2: the reference MCS is the scheduled MCS for a reference PDSCH.
· Alt 3: the reference MCS is a configured MCS index
For Alt 1, if the previous delta-MCS report is not correctly received by gNB, the gNB and UE may have different interpretations for the current delta-CQI/MCS, which further results in wrong MCS selection. In such a case, Alt 1 would lead to error propagation due to the failure of one delta-CQI/MCS report, so Alt 1 is not preferred.
For Alt 2, because the scheduled MCS is for a reference PDSCH and independent from the previous report, there is no error propagation issue. Given the amount of change for channel quantity is usually not too much, the reported delta-MCS relative to the earlier-scheduled MCS can be a reasonable way to reduce the quantization bits. The reference PDSCH can be the scheduled PDSCH or configured SPS PDSCH if one PDSCH-to-one delta-MCS report is supported. If multiple PDSCHs-to-one delta-MCS report is supported, the reference PDSCH can be the latest PDSCH from the multiple PDSCHs. If the reference PDSCH is in initial transmission, the scheduled MCS can be the MCS index indicated by the scheduling DCI or activating DCI; if the reference PDSCH comes from retransmission, gNB can indicate MCS index with a determined modulation order while code rate and spectrum efficiency as “reserved” (i.e. MCS index 29~31 in 64QAM MCS table), in such a case, the scheduled MCS can be the equivalent MCS index (i.e. MCS index 0~28 in 64 QAM MCS table) with the same modulation order and non-reserved and closest code rate as the retransmission scheduling. For example, if gNB indicate MCS index 29 for the reference PDSCH for retransmission, and UE can calculate the code rate based on the indicated modulation order (Qm=2) and the derived TBS for the initial transmission, i.e. code rate =0.3, then, UE can determine the equivalent MCS index as MCS index 4 (Qm=2, code rate= 308/1024=0.3008), which corresponds to the same modulation order as indicated by gNB and the closest code rate as calculated by UE. If the code rate calculated by UE falls at exact mid-point between two code rates with adjacent MCS indexes, the lower MCS index can be selected as the equivalent MCS index.
For Alt-3, because the reference MCS is a configured MCS, it can avoid the misunderstanding issue for the reference PDSCH and guarantee that gNB and UE share aligned understanding for the delta-MCS reporting. However, the semi-static configuration characteristic is not beneficial to the quantization of delta-MCS.
Proposal 2: The delta-MCS is calculated from the difference between the target MCS and the reference MCS, where the reference MCS is defined as the scheduled MCS for a reference PDSCH or gNB configured MCS index.
Proposal 3: In delta-MCS reporting, when “delta” is defined relative to the scheduled MCS for a reference PDSCH:
· If delta-MCS is reported for every PDSCH, then the “reference PDSCH” can be the scheduled PDSCH or configured SPS PDSCH;
· If delta-MCS is reported for multiple PDSCHs, then the “reference PDSCH” can be the latest PDSCH from the multiple PDSCHs.
Proposal 4: In delta-MCS reporting, when the “delta” is defined relative to the scheduled MCS for a reference PDSCH:
· If the reference PDSCH is indicated to use MCS index with determined modulation order and code rate, the scheduled MCS is the MCS index indicated by the scheduling DCI or activation DCI;
· If the reference PDSCH is indicated to use MCS index with reserved code rate, the scheduled MCS is the equivalent MCS index with the same modulation order and the closest non-reserved code rate as eventually applied to the reference PDSCH.
The target BLER for delta-MCS reporting:
For reporting of delta-MCS, UE needs to know which BLER target it should use to calculate the target MCS. In Rel-15, three CQI/MCS tables are supported: 64QAM, 256QAM and lowSE64QAM, where, the target BLER of 64QAM table and 256QAM table is 1e-1 while the lowSE64QAM CQI/MCS table is designed with target BLER 1e-5. So from perspective of UE implementation, UE needs to maintain at least two sets of BLER curves with one set targets at 1e-1 and the other targets at 1e-5. When it comes to target BLER of delta-MCS reporting, we understand that the closer the target BLER used by gNB scheduling and for UE deriving delta-MCS are, the smaller the number of quantization bits. However, basically any target BLER can be used for data scheduling by gNB considering the traffic type (i.e. eMBB or URLLC), initial transmission or retransmission and so on. The burden of UE implementation would become large if UE needs to calculate delta-MCS based on any possible BLER values. Therefore, it is preferred that only 1e-1 and 1e-5 is used for derivation of target MCS. 
Proposal 5: Only 1e-1 and 1e-5 can be used as target BLER for calculation of delta-MCS.
Specifically, two target BLER (set) can be configured per CC with each target BLER (set) corresponding to one priority index. For example, for eMBB scheduling, a typical algorithm of gNB would be to select the target BLER as 1e-1, while for URLLC scheduling, if only one-shot transmission is allowed within the latency budget, gNB would schedule data transmission based on 1e-5 target BLER and if two transmissions are acceptable according to latency requirement, gNB usually use 1e-1 target BLER to schedule initial transmission to seek higher spectrum efficiency and use 1e-5 for retransmission scheduling to guarantee reliability. Then, {1e-1} and {1e-1,1e-5} target BLER can be configured where {1e-1} corresponds to priority index 0 and {1e-1,1e-5} corresponds to priority index 1. Additionally, when target BLER set {1e-1,1e-5} is configured for priority index 1, which target BLER is used can be based on whether the scheduled transmission is initial transmission or retransmission. That is, if the NDI is toggled, UE can use 1e-1 to calculate delta-MCS, while if NDI is not toggled, 1e-5 can be selected. Alternatively, UE can select the BLER target based on the HARQ-ACK information, that is, if UE correctly receives the packet, UE can select 1e-1 for next new data scheduling, while if UE does not successfully decode the packet, 1e-5 can be used for retransmission scheduling.
Proposal 6: Two target BLER (set) can be configured per CC with each target BLER (set) corresponding to one priority index. UE uses the configured/indicated target BLER to derive delta-MCS based on its serving cell, the priority index, NDI and HARQ-ACK information.
Quantization of delta-MCS:
The convergence performance gain of reporting delta-MCS is related with quantization of delta-CQI/MCS. Obviously, the finer the granularity, the better the performance. However, the UL resource overhead for reporting delta-MCS is also important which would increase together with the fineness of the quantification granularity. So how to achieve good balance between the quantization granularity and UL overhead needs to be carefully studied. A straightforward way would be to define the mapping of reporting quantity and delta-MCS per reference MCS. However, defining the mapping of reporting quantity and delta-MCS per reference MCS requires relatively large RRC or spec overhead. A compromised solution may be to define the above mapping relation per MCS range, i.e. three mapping tables are defined respectively for the high MCS index range, the middle MCS index range and the low MCS index range. For example, assume an 2-bits delta-MCS reporting, if the mapping table is defined to be independent from the reference MCS (range), a reasonable design of the mapping table is to cover variation range like [-1,0,1,2] or [-2, -1,0,1]. However, if separate mapping table is designed respectively for different reference MCS (range), larger variation range can be covered, i.e. for the smallest reference MCS index, the range of delta-MCS can be all non-negative, such as [0, +1, +2, +3], while for the largest reference MCS index, the range of delta-MCS can be all non-positive, i.e., [0, -1, -2, -3]. Therefore, more accurate channel status can be captured.
Proposal 7: Define the mapping between the reporting quantity and delta-MCS per MCS index range to achieve good balance among granularity, UL resource overhead and RRC/spec overhead.
Reporting resource:
As discussed in last RAN1 meeting, the delta-MCS can be reported jointly with HARQ-ACK codebook (option 1) or separately from HARQ-ACK codebook (option 2). To our understanding, the reported delta-MCS is obtained via PDSCH decoding, hence no extra computation and latency is required. In addition, reporting delta-MCS later than HARQ-ACK would increase gNB scheduling latency, while reporting delta-MCS earlier than HARQ-ACK seems meaningless since gNB would have no idea whether initial transmission for a new packet or retransmission for the earlier packet should be scheduled. Moreover, reporting delta-MCS separately from HARQ-ACK codebook may increase UL overhead since almost double CRC overhead may be needed. And for aperiodic delta-MCS report, additional DCI field, i.e. delta-MCS timing indication and PUCCH resource indication may be needed which increases PDCCH overhead and probability of blockage. Therefore, it is preferred to report delta-MCS jointly with HARQ-ACK codebook.
Proposal 8: Delta-MCS is reported jointly with HARQ-ACK codebook.
Report of delta-MCS for every PDSCH or for multiple PDSCHs:
For reporting delta-MCS jointly with HARQ-ACK codebook, the following alternatives can be considered:
1) Each HARQ-ACK bit in a HARQ-ACK codebook corresponds to one delta-MCS report
2) Each serving cell in a HARQ-ACK codebook corresponds to one delta-MCS report
3) Each serving cell in a HARQ-ACK codebook corresponds to N delta-MCS report
For the first alternative, it is simple and intuitively can achieve best performance. However, it would result in putting too much bits in the HARQ-ACK codebook and much increase of UL overhead. In addition, the channel status may have been changed so the latest channel condition report is the most valuable, this alternative leads to reporting of some information which is not much useful.
For the second alternative, it means to report delta-MCS per HARQ-ACK codebook and per CC, it is also simple and can save lots of UL overhead. However, the performance depends on how to derive the per-CC delta-MCS report from measurement of several PDSCHs. For example, UE can report the per-CC delta-MCS only based on the latest PDSCH measurement since it represents the most recent channel status. However, since different PDSCH may be scheduled to occupy different PRBs, so only report the latest PDSCH measurement results may lead to loss of channel status information for some PRBs. As another example, UE can derive the per-CC delta-MCS based on all the PDSCHs whose HARQ-ACK is in the HARQ-ACK codebook, i.e. some filtering mechanism such as average/worst can be used to derive the target MCS. But this method is more complicated from UE implementation perspective and the filtering mechanism needs carefully studied.
For the last alternative, the consumed UL overhead depends on the value of N, so the mechanism to design N needs to be further studied. For example, N can represent the sub-band number in the active BWP of the CC, in other words, sub-band delta-MCS report is added at the end of the HARQ-ACK codebook. For example, UE performs measurement based on each PDSCH whose HARQ-ACK information is in the HARQ-ACK codebook, then UE groups and maps the derived channel status to the sub-band delta-MCS report if certain conditions occur, i.e. the overlapped PRBs of the PDSCH and the sub-band is higher than a threshold. As another example, UE can generate and report delta-MCS when it detects the counter-DAI is equal to a specific value. This method can achieve reporting delta-MCS based on DCI indication and robust to DCI missing problem.
Proposal 9: For reporting delta-MCS jointly with HARQ-ACK codebook, the following alternatives can be considered:
· Alt 1: Each HARQ-ACK bit in a HARQ-ACK codebook corresponds to one delta-MCS report
· Alt 2: Each serving cell in a HARQ-ACK codebook corresponds to one delta-MCS report
· Alt 3: Each serving cell in a HARQ-ACK codebook corresponds to N delta-MCS report
Conclusions
In this contribution, we discuss CSI enhancements with focus on reporting of delta-MCS and following proposals are made:
Observation 1: The reporting of delta-MCS improves convergence performance with no additional overhead of measurement resource and no increase of computation time budget.
Proposal 1: The reporting of delta-MCS is supported in Rel-17.
Proposal 2: The delta-MCS is calculated from the difference between the target MCS and the reference MCS, where the reference MCS is defined as the scheduled MCS for a reference PDSCH or gNB configured MCS index.
Proposal 3: In delta-MCS reporting, the “delta” is defined relative to the scheduled MCS for a reference PDSCH:
· If delta-MCS is reported for every PDSCH, then the “reference PDSCH” can be the scheduled PDSCH or configured SPS PDSCH;
· If delta-MCS is reported for multiple PDSCHs, then the “reference PDSCH” can be the latest PDSCH from the multiple PDSCHs.
Proposal 4: In delta-MCS reporting, when the “delta” is defined relative to the scheduled MCS for a reference PDSCH:
· If the reference PDSCH is indicated to use MCS index with determined modulation order and code rate, the scheduled MCS is the MCS index indicated by the scheduling DCI or activation DCI;
· If the reference PDSCH is indicated to use MCS index with reserved code rate, the scheduled MCS is the equivalent MCS index with the same modulation order and the closest non-reserved code rate as eventually applied to the reference PDSCH.
Proposal 5: Only 1e-1 and 1e-5 can be used as target BLER for calculation of delta-MCS.
Proposal 6: Two target BLER (set) can be configured per CC with each target BLER (set) corresponding to one priority index. UE uses the configured/indicated target BLER to derive delta-MCS based on its serving cell, the priority index, NDI and HARQ-ACK information.
Proposal 7: Define the mapping between the reporting quantity and delta-MCS per MCS index range to achieve good balance among granularity, UL resource overhead and RRC/spec overhead.
Proposal 8: Delta-MCS is reported jointly with HARQ-ACK codebook.
Proposal 9: For reporting delta-MCS jointly with HARQ-ACK codebook, the following alternatives can be considered:
· Alt 1: Each HARQ-ACK bit in a HARQ-ACK codebook corresponds to one delta-MCS report
· Alt 2: Each serving cell in a HARQ-ACK codebook corresponds to one delta-MCS report
· Alt 3: Each serving cell in a HARQ-ACK codebook corresponds to N delta-MCS report
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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 





1

image1.jpeg
BLER

imeteo)

et 5
s g




