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Introduction

Rel-17 IIoT/URLLC working has been approved and scope was revised recently [1]. Among other objectives, the first objective says:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering:
a. UE feedback enhancements for HARQ-ACK [RAN1]
b. CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 

In this paper we present our view on several types of CSI feedback enhancements.  
[bookmark: _Ref178064866]Discussion
Support Aperiodic CSI Report on PUCCH
In RAN1#102e, it was agreed that RAN1 should study new triggering methods for aperiodic CSI (A-CSI). 
Currently PUSCH scheduling DCI (format 0_1 and 0_2) can trigger A-CSI on PUSCH via the “CSI request” field. As an enhancement, Rel-17 can support triggering the A-CSI by a PDSCH scheduling DCI, i.e., DCI format 1_1 and 1_2. This PDSCH scheduling DCI is UE-specific and called DL DCI in the discussion below. Since there is no associated PUSCH, the triggered A-CSI is carried by PUCCH. To introduce this enhancement, the following issues are to be resolved:
· The triggering mechanism;
· A mechanism to provide timing of the triggered A-CSI transmission;
· A mechanism to provide PUCCH resource for the triggered A-CSI;

[bookmark: _Toc54399972]Introduce A-CSI triggered by a UE-specific DL DCI.

Triggering Method of A-CSI Report on PUCCH
For aperiodic CSI reporting, a CSI resource setting for channel measurement can contain more than one NZP CSI-RS resource set for channel measurement. If the CSI resource setting for channel measurement contains multiple NZP CSI-RS resource sets for aperiodic CSI report, only one NZP CSI-RS resource set can be selected and indicated to a UE. For aperiodic CSI reporting, a list of trigger states is configured (given by the higher layer parameters CSI-AperiodicTriggerStateList). Each trigger state in CSI-AperiodicTriggerStateList contains a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference. For a UE configured with the higher layer parameter CSI-AperiodicTriggerStateList, if a Resource Setting linked to a CSI-ReportConfig has multiple aperiodic resource sets, only one of the aperiodic CSI-RS resource sets from the Resource Setting is associated with the trigger state, and the UE is higher layer configured per trigger state per Resource Setting to select the one NZP CSI-RS resource set from the Resource Setting.
Similar to the existing mechanism in PUSCH scheduling DCI (i.e., a DL DCI), an field of “CSI request” can be introduced to the PDSCH DCI formats 1_1 and 1_2. To control the DCI size, the same mechanism as that of PUSCH DCI can be applied to the PDSCH DCI. That is, a “CSI request” field of 0, 1, 2, 3, 4, 5, or 6 bits as determined by a higher layer parameter, for example, reportTriggerSize_DCI1_1, reportTriggerSize_DCI1_2.
Each codepoint of the DCI field "CSI request" is associated with one trigger state (see TS 38.321). Upon reception of the value associated with a trigger state, the UE will perform measurement of CSI-RS, CSI-IM and/or SSB (reference signals) and aperiodic reporting on L1 according to all entries in the associatedReportConfigInfoList for that trigger state.
[bookmark: _Toc54399973]A-CSI is triggered by a “CSI request” field in a DL DCI and transmitted on PUCCH.

Timing of A-CSI Report on PUCCH
After triggering, the timing of A-CSI report needs to be defined. Since the CSI computation delay is expected to be longer than the associated HARQ-ACK timing, the A-CSI report time can be also defined relative to the end of the PDSCH scheduled by the same DCI, except that the range of offset time for A-CSI should be configured separately from HARQ-ACK. In general, a range of longer offset should be configured for A-CSI than for HARQ-ACK.  While HARQ-ACK timing unit can be configured as slot-based or sub-slot based, A-CSI timing only needs to be slot-based. On the other hand, considering that the triggered A-CSI may overlap with sub-slot based HARQ-ACK (which is associated with a different DCI), it is simpler to also allow sub-slot based A-CSI timing, so that it is simpler to perform multiplexing between A-CSI and HARQ-ACK of the same time units.

[bookmark: _Toc54399974]The timing of DL DCI triggered A-CSI is defined relative to the end of associated PDSCH. 
[bookmark: _Toc54399975]The timing of DL DCI triggered A-CSI is at least in unit of slots.
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Figure 1: A-CSI timing is defined relative to the associated PDSCH, the same as HARQ-ACK.  
PUCCH Resource Configuration for A-CSI on PUCCH
In PDSCH scheduling DCI, currently there are PUCCH resource indicator (PRI) field for providing PUCCH resources for the corresponding HARQ-ACK.  There are no DCI fields to provide another set of PUCCH resources for A-CSI. Thus a mechanism needs to be introduced. 
The most straightforward way is to introduce a DCI field (e.g., ‘PRI for A-CSI’) for PUCCH resource indication. The concern here is the cost of increased DCI size. 
Alternatively, a set of periodic PUCCH resource can be configured, and the DCI only need to trigger the A-CSI, without a need to dynamically indicate PUCCH resource. After triggering, the UE knows implicitly the periodic PUCCH resource configuration, and transmit using the next PUCCH resource that is at least k’ slot away from the end of the associated PDSCH. This is illustrated in Figure 2.

[bookmark: _Toc54399976]Select a method to provide the PUCCH resource for DL DCI triggered A-CSI, either (a) introduce a DCI field to indicate an aperiodic PUCCH resource, or (b) implicitly use the next available periodic PUCCH resource.
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Figure 2: A-CSI is transmitted on the next available periodic PUCCH resource.

Reduction of CSI computation time
A-CSI scheduling delay according to CSI computation delay requirement according to table below is only possible if following restrictions are fulfilled: 
·  of the table 5.4-1 if the CSI is triggered without a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied (according to Clause 5.2.1.6) 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'.
Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



The values without prime determine the first symbol for the PUSCH that carries the CSI report after the end of last symbols of the PDCCH that triggered the CSI report while the values with prime determine the latest (in time) CSI measurement resources that can be used to determine the CSI report.
If when the restriction for CSI computation delay requirement 1 is not fulfilled, the CSI preparation takes longer time and is determined by CSI computation delay requirement 2 according to the table below:  
Table 5.4-2: 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,+ KB1)
	X2

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



Even the values  according to CSI computation delay requirement 2 are associated with restrictions: 
·  of the table 5.4-2 if the CSI to be transmitted 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', or
·  of the table 5.4-2 if the CSI to be transmitted corresponds to wideband frequency-granularity where the reportQuantity is set to 'ssb-Index-SINR', or reportQuantity is set to 'cri-SINR', or
For CSI including RI, PMI and CQI that does not fulfill above restrictions, it must obey the , which corresponds processing times of > 6 slots for 30 kHz, and > 11 slots for 120 kHz. Most of the time seems to be taken by CSI computation since the typical PUSCH preparation time (N2) is ~ a slot (for µ =1) or ~ 3 slots (for µ=3) for PUSCH timing capability 1. 
For URLLC it is desirable to relax the restrictions for shorter CSI computation delay to improve the accuracy in the CSI report. We agree that the CSI estimation burden on UE is challenging especially for sub-band CSI and/or when the pre-coder codebook is large (as it can be without rank and pre-coder subset restrictions for large number of CSI-RS ports). However, we think Rel-17 UEs should be more computationally capable so relaxation of Rel-16 restrictions should be possible especially if combined with CSI report configurations that reduce the CSI estimation burden for the UE.
[bookmark: _Toc54400016]Shorter CSI preparation time can help to get the most recent information about the channel and, thus, make MCS selection more accurate.
[bookmark: _Toc54399977]Study and specify methods to decrease CSI preparation time.

[bookmark: _Toc47621446][bookmark: _Toc47621523][bookmark: _Toc47621562]Introduce New CSI Report Type 
In NR, the reported CQI value can be with respect to one of three tables, ’table1’, ‘table2’ and ‘table3’. If ‘table1’  or ‘table2’ is configured, the UE reports a CQI value such that a PDSCH with modulation, target code rate and transport block size corresponding to the CQI value assigned on a so-called CSI reference resource could be received with a BLEP (Block-Error Probability) not exceeding 10%. For ‘table1’ the highest modulation is 64QAM while for ‘table2’ the highest modulation is 256QAM. For ‘table3’ the highest modulation is 64QAM but the BLEP shall not exceed . 
The CSI reporting can be configured with or without time-restriction for either or both of channel and interference measurement using the RRC parameters:
· timeRestrictionForChannelMeasurements
· timeRestrictionForInterferenceMeasurements   

If time-restriction for measurement is configured, the reported CSI shall be based on only the most recent measurement (Section 5.2.2.1 in 38.214, v16.2.0). In other words, if time-restriction is enabled, the reported CSI is a momentary evaluation how the channel and interference looked like at the time of channel measurement and the time of interference measurement. The time for measurement of channel may not be the same as the time of interference measurement. If, however, the time-restriction is not configured, the UE can report CSI based on more than one measurement, but precisely how, or even if, the UE obtains CSI based on several measurements is up to UE implementation.
Scheduler and link adapter in a gNB have the task to select a transport format consisting of allocation, number of layers, modulation and coding scheme for a PDSCH transmission based on reported CSI from the UE. For URLLC this can be a challenging task due to the high reliability requirements, especially if the transport format also should be spectral efficient. Since the PDSCH transmission occurs later than when the CSI was measured, the scheduler and link adapter have to predict the SINR (Signal-to-Noise-and-Interference Ratio) at transmission based on a “reported” SINR that can be determined from reported CSI. In a simple case, the predicted SINR equals the “reported” SINR. This may work quite well in cases when unsuccessful transmissions can be “saved” by HARQ re-transmissions (e.g. for eMBB). However, for URLLC the latency and reliability requirements put limits on the number of re-transmissions and probability of their success to cater packet delivery in time.  Due to the fact that channel and interference are varying in time, the most difficult part is to guarantee probability of success, because gNB has to know probabilistic properties of a channel. As a consequence, the use of the “reported” SINR  as a prediction  of the SINR at the PDSCH transmission can lead to impossibility of requirements fulfillment. 
In order to demonstrate the problem, we obtain results shown in Figure 2.1 for one URLLC UE where link adapter uses . Simulation assumptions are collected in Table A-1 in Appendix.
[image: ]
[bookmark: _Ref47531551]Figure 3: Left figure: CDF of difference between true and predicted PDSCH SINR. Right figure: Reported Wide-Band (WB) CSI (rank limited to 1). 

Here we intentionally picked a UE experiencing quite good radio conditions most of the time. As it can be seen from reported CQI distribution, ~60% of time UE reports the highest CQI value “15”. Since UE cannot report value higher than “15” but radio conditions can be extremely good, the plot on the left-hand side shows that 60% of receptions experienced 10db higher SINR compare to what had been reported. This high-end tail doesn’t introduce much inefficiency and likely has no impact on reliability because in those cases highest MCS can be used in a robust way.
However, the low-end tail is of greatest interest. The left figure shows that the SINR difference is negative for ~25% of the PDSCH transmissions which means that ~25% of the PDSCH transmissions could likely not be decoded correctly unless the link adapter added an SINR backoff on top of the predicted SINR. In order to reach high reliability when re-transmissions are not permitted by latency requirements, the link adapter has to apply ~20 dB backoff if the reported SINR is used for SINR prediction directly. This shows that there is a rather high uncertainty in how well the CQI value reflects the channel quality at time of transmission. The uncertainty depends on how old the CSI is, i.e. UE CSI computation delay, but also on un-predictable interference variations.
[bookmark: _Toc54400017]There may be a high degree of uncertainty how well reported CSI reflects channel quality at time of PDSCH transmission.


Using a fixed backoff on the reported SINR as a prediction on the SINR at transmission time will not be spectral efficient. From right figure in Figure 2.2 the lowest CQI that is reported during simulation is CQI=5 and always adding a 20 dB backoff in link adaption will for sure not be spectral efficient. In case only single-transmission is possible within the latency budget, a more spectral efficient URLLC link adaption tries to find a transport format, e.g. MCS, such that estimated error probability , where  is the reliability requirement and   takes into account the probability distribution of CQI: 
.
From this formula it is clear that  depends on the CQI probabilities and if UE e.g. would just report lowest CQI value a spectral-efficient link adaptation is more difficult since gNB does not know how likely it is. 
In order to achieve this more spectral-efficient link adaptation the gNB needs knowledge about the CQI statistics. Currently, the only way for eNB to get this knowledge is by collecting several CSI reports over time, a method that both takes time and consumes UL resources. 
[bookmark: _Toc54400018]Spectral-efficient link adaptation need to take CSI statistics into account. 
[bookmark: _Toc54400019]In Rel-15/16, estimation of CSI statistics both takes time and consumes UL resources.
If gNB configures the UE without time-restriction on the channel and interference measurements the UE may report CSI filtered over several time instances. If link adapter assumes  CSI without time-restriction could lead to better results since un-certainties may be “filtered away”. But since it is UE-specific precisely how or if CSI is filtered the link adapter still needs to estimate remaining un-certainties in the CSI. Further, if re-transmissions are possible spectral-efficient link adaptation will benefit from choosing a more aggressive format. If UE filters CSI in an un-known manner it will be hard to judge how aggressive transport format could be used while still meeting latency and reliability requirements.

[bookmark: _Toc54400020]CSI without time-restriction is UE-specific and does not give gNB enough information to perform spectral-efficient link adaptation for URLLC.
Based on observations we investigate the performance achievable with a Statistical-CSI-metric feature compared to a Baseline-CSI-metric feature in a system-level simulation with assumptions according to Table A-1. For both these features, CSI is evaluated based on periodic CSI-RS/IM where periodicity for CSI-RS is ~17 ms while periodicity for CSI-IM is ~0.7 ms. The reason why CSI-IM is allocated much more frequent is that interference is expected to vary much faster than the channel. With Baseline-CSI-metric, CSI is reported for every new available CSI-RS and/or CSI-IM, i.e. with ~0.7 ms periodicity, and where RI, PMI and CQI are evaluated at every occasion. Clearly, such frequent update of CSI (including periodicity of CSI-RS/IM) is not possible to configure in NR but is chosen here to let link adaptation for Base-CSI-metric have very frequent and accurate CSI. With Statistical-CSI-metric, CSI reported with ~17 ms periodicity where RI and PMI are evaluated only when a new CSI-RS is present while CQI is evaluated for every new CSI-IM conditioned the earlier determined RI and PMI as schematically illustrated in Figure 2-1.
 [image: ]
Figure 2-1: Schematic illustration of statistical CSI reporting scheme. 

When UE report CSI the CSI comprises RI, PMI, mean-CQI and variance-CQI, where mean- and variance-CQI are the mean and variance of CQI values determined at the CSI-IM occasions. The complexity for CSI reporting for Statistical-CSI-metric is thus less complex compared to Baseline-CSI-metric as summarized in Table 2-1.   
     Table 2-1: Summary of complexity difference between Statistical-CSI-metric and Baseline-CSI-metric. 
	Complexity measure
	Statistical-CSI-metric compared to Baseline-CSI-metric

	CSI reporting
	CSI report sent less frequent

	RI/PMI 
	Considerably lower computation effort for UE 

	CQI
	Slightly higher computation effort for UE (mean and std) 



For Baseline-CSI-metric, the link adaptation for URRLC UEs is performed based on a predicted SINR , where  is the SINR corresponding to the reported CQI value and where  is fixed back-off applied for all URLLC UEs. The scheduler and link adaption select the smallest-sized allocation and an MCS yielding a TB that fit available packets such that predicted BLEP is less or equal to  if SINR equals  , i.e. scheduler and link adaption attempt, given a number packets to send, to find the most spectral-efficient transport format that meets URLLC requirements. For Statistical-CSI-metric, scheduler and link adaptation work the same way except that is estimated based on mean-CQI and variance-CQI. The variance-CQI is a measure of the CQI uncertainty given the reported RI and PMI. Therefore, the mean- and variance-CQI are converted to corresponding SINR values and is taken as the SINR of a low percentile SINR, where SINR is assumed to be normal distributed (for simplicity reasons). We selected a low percentile  to have a margin to that the statistical confidence in reported mean- and variance-CQI may be somewhat poor, and that the assumption that SINR is normal distributed is likely in-accurate. For both Baseline-CSI-metric and Statistical-CSI-metric, the reported CSI is wideband CSI and for URLLC UEs the reported rank is restricted to 1. Based on simulation assumptions in Table A-2 we get the percentages of URLLC UEs fulfilling 1 ms latency and 99.999% reliability requirements as listed in Table 2-2 for Statistical-CSI-metric and Baseline-CSI-metric with different back-offs (0, 5, 10, 15 and 20 dB).  
Table 2-2: System-level simulation results with simulation assumptions in Table A-2. 
	Feature
	Percentage of URLLC UEs fulfilling 1 ms latency and 99.999% reliability 

	Baseline-CSI-metric, dB
	28.8%

	Baseline-CSI-metric, dB
	47.0%

	Baseline-CSI-metric, dB
	83.4%

	Baseline-CSI-metric, dB
	79.7%

	Baseline-CSI-metric, dB
	9.1%

	Statistical-CSI-metric
	90.3%



We can see that using Statistical-CSI-metric better performance is achieved. However, it can be argued that Baseline-CSI-metric can achieve same performance as Statistical-CSI-metric by determining a back-off based on statistics of the reported CSI instead of applying a fixed value. In principle this is true, but baseline CSI scheme still suffers from several drawbacks: 
· The UE computation complexity for CSI is likely higher since for Statistical-CSI-metric rank and pre-coders are only evaluated when a new channel measurement is performed while for Baseline-CSI-metric rank and pre-coders are evaluated for each occasion of CSI-RS/IM. 
· The overhead for CSI reporting is higher. To provide gNB with accurate CSI statistics frequent CSI reporting is needed. 
· Determining CSI statistics in gNB become more complicated since rank and pre-coder in reported CSI may change due to variations in interference although the channel is rather stable. Hence, the number of samples of CQI values for a given rank and pre-coder pair may thus be very low which give very low confidence in estimated uncertainty. 

Based on our results and observations we propose: 

[bookmark: _Toc54399978]Rel-17 supports new CSI reporting with statistical CQI metric.
 
We are open to discuss further the details of new CSI reporting, such as:
· statistic measure: e.g., mean, standard deviation, percentile 
· reported metric: e.g., CQI, spectral efficiency
· quantization of reported values

Soft-ACK to Improve Outer Loop Link Adaptation
To maintain a desired BLER, an outer loop link adaptation may be implemented by the gNB. A typical operation is to decrease a back-off with a certain value upon each ACK, and increase it with a larger amount after a NACK. Depending on the desired BLER, the ratios of the ACK and NACK adjustments can be varied. This works well in the MBB case with a typical BLER target of 10-1, but in a URLLC scenario with much lower target BLER, there are almost no NACK events to act upon, in particular for a low-latency case where retransmissions should be avoided.
[bookmark: _Toc54400021]With low target BLER, not enough NACK events for outer loop to converge.

A way to make an outer-loop link adaptation work also for low BLER targets, is to make the outer loop act on events before they lead to a block error. This can be done by letting the ACK also include a measure of the decoding margin:
· ACK_high_margin:		PDSCH pass with high decoding margin
· ACK_low_margin:		PDSCH pass with low decoding margin
· NACK:				PDSCH fail

Compared to schemes that add additional information to the NACK, as a form of a soft-NACK, this soft-ACK conveys information for adjusting an outer loop without missing the first transmission attempt. Instead of operating on the NACK/ACK ratio, an outer loop could operate on the ratio (NACK + ACK_low_margin) / ACK_high_margin.
In order to let the ACK/NACK feedback fully utilize two bits, the three codepoints (ACK_high_margin, ACK_low_margin, NACK) could be extended into four, by adding one more ACK level (e.g. ACK_medium_margin), or by introducing also a soft-NACK: splitting the NACK into low and high amount of extra information needed, such as the MCS margin to achieve successful decoding.
How to generate the ACK and NACK bits may be according to UE implementation, and could e.g. be based on LDPC coder iterations, soft values, or comparing flipped bits before and after LDPC decoding. Since the actual implementations may vary, the behavior could be verified by RAN4 tests, e.g. such that the number of ACKs with high and low margin vary properly with varying SINR at a fixed MCS.
Illustrating simulations are shown in Figure 4 (simulation assumptions are listed in Table A-3). In addition to a baseline case, where the outer loop is triggered on NACKs, another curve shows the case where the outer loop is triggered on both NACK and ACK_low_margin, where the ACK_low_margin is reported if the LDPC decoder succeeded, but now within 6 iterations. The simulation uses an outer loop target rate of 1%, a value that is chosen smaller than for the MBB case, but not so small that convergence will be impossible. The resulting BLER will then be lower than the outer loop target rate, since the decoder is allowed to run several additional iterations even after ACK_low_margin is reported. The actual resulting BLER value will depend on where the event threshold is set. A smaller number of iterations before reporting an ACK_low_margin will lead to a lower BLER but will due to the larger resulting back-off also reduce the resulting throughput.
	[image: ]

	[image: ]


[bookmark: _Ref54174718]Figure 4. Resulting BLER and throughput after triggering outer loop on decoding success after a limited number of decoding iterations. Outer-loop target rate of 1%. If the outer loop is triggered before the decoder is finished decoding, the resulting BLER will decrease.

[bookmark: _Toc54399979]In Rel-17, study HARQ-ACK transmission of successful reception with bundled decoding margin. 

The decoding margin described above refers to information send on successful decodings. A goal with such reporting is to increase the probability of first-transmission decoding success. Additional information can also be transmitted along with NACKs, as mentioned above, and proposed by different companies. This would help transmitter to do a retransmission with adequate amount of resources so that the retransmission checks and meeting a latency bound of a small number of retransmissions. 
However, the amount of information to bundle along with a HARQ-NACK should likely be limited. An ACK is transmitted the majority of times, and when the occasional NACK is transmitted, the return channel may also be more likely to be in a fading dip, making the reception harder. Reserving a lot of resources for a very infrequent event also implies overhead, that needs to be justified.
An alternative is to, as discussed above, use a two-bit ACK/NACK to allow for two levels of both ACK and NACK. This two-level NACK can then indicate the amount of more information that is necessary to decode.
[bookmark: _Toc54400022]NACK transmission with bundled information may improve decoding success within latency bound, but bundled information should be limited.

CSI feedback for PDCCH enhancement
There have been several variations of proposals to provide CSI feedback for PDCCH.
While the intention of improving PDCCH reliability is acknowledged, we do not see a strong need for CSI feedback for PDCCH specifically. In our view, current CSI reporting schemes are flexible enough to provide gNB with an acceptable CSI accuracy. For example, a CSI process could be allocated with an enforced rank 1 restriction. This could simplify PDCCH link adaption since otherwise a conversion from rank  CSI to rank 1 CSI is required. For eMBB where high-rank transmissions can be expected, a dedicated CSI process for PDCCH link adaptation could simplify but even in this case it is questionable if the potential performance gain justify the additional complexity. For URLLC the need is even more questionable since low rank PDSCH may often be preferred due to better interference suppression capability in the receiver. Therefore, configuring CSI reporting with rank restriction may often be desired for URLLC. Hence, in case of service mix of eMBB and URLLC within same UE it may anyway be desired to configure UE with two CSI processes, one without rank restriction and one with rank restricted to perhaps even 1. 
We agree that accuracy of current CSI can be improved due to differences between PDCCH and PDSCH, e.g. coding scheme, and that CSI reflecting a preferred aggregation level could improve accuracy. But still one of the main challenges for link adaptation is the SINR un-certainty often due to un-predictable interference variations. This un-certainty cannot be mitigated by improving the accuracy in reported CSI that may be too old to reflect the current interference situation. Furthermore, code rate adaptation of PDCCH is very coarse compared to PDSCH which means that even if accuracy of CSI is perfect it may result in same selected aggregation level as if CSI is less accurate.      
Un-certainty in SINR is often mitigated by applying a back-off to “reported” SINR, where back-off could be fixed or adjusted by an outer-loop component triggered by DTX detection of HARQ-ACK and/or PUSCH transmissions. Clearly, DTX detection is associated with potential error cases that can occur and therefore it may be tempting to introduce a more explicit feedback for DCI detection or un-detection. But such feedback will also be associated with error cases that can occur. In some cases, a new feedback could improve gNB ambiguity whether PDCCH or PDSCH failed. In our view, the benefit of such new feedback is limited compared to a behaviour that gNB take actions that PDCCH failed as well as PDSCH failed, especially if occasions for ambiguity are relatively rare events.    
Based on discussion above we propose: 
[bookmark: _Toc54399980]No Rel-17 CSI enhancements for PDCCH.

Conclusion
 In section 2, the following observations and proposals were made:

Observation 1	Shorter CSI preparation time can help to get the most recent information about the channel and, thus, make MCS selection more accurate.
Observation 2	There may be a high degree of uncertainty how well reported CSI reflects channel quality at time of PDSCH transmission.
Observation 3	Spectral-efficient link adaptation need to take CSI statistics into account.
Observation 4	In Rel-15/16, estimation of CSI statistics both takes time and consumes UL resources.
Observation 5	CSI without time-restriction is UE-specific and does not give gNB enough information to perform spectral-efficient link adaptation for URLLC.
Observation 6	With low target BLER, not enough NACK events for outer loop to converge.
Observation 7	NACK transmission with bundled information may improve decoding success within latency bound, but bundled information should be limited.

Proposal 1	Introduce A-CSI triggered by a UE-specific DL DCI.
Proposal 2	A-CSI is triggered by a “CSI request” field in a DL DCI and transmitted on PUCCH.
Proposal 3	The timing of DL DCI triggered A-CSI is defined relative to the end of associated PDSCH.
Proposal 4	The timing of DL DCI triggered A-CSI is at least in unit of slots.
Proposal 5	Select a method to provide the PUCCH resource for DL DCI triggered A-CSI, either (a) introduce a DCI field to indicate an aperiodic PUCCH resource, or (b) implicitly use the next available periodic PUCCH resource.
Proposal 6	Study and specify methods to decrease CSI preparation time.
Proposal 7	Rel-17 supports new CSI reporting with statistical CQI metric.
Proposal 8	In Rel-17, study HARQ-ACK transmission of successful reception with bundled decoding margin.
Proposal 9	No Rel-17 CSI enhancements for PDCCH.
[bookmark: _In-sequence_SDU_delivery]
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Appendix
Table A-1 : Scenario 1 - System level simulation assumptions
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid
3 sites with 3 sectors per site

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4Tx/4Rx ports; (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2), dH = 0.5λ, dV = 0.8λ; 3 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	UE antenna height
	3m

	UE antenna gain
	0dBi 

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	Simulation bandwidth 
	20 MHz DL and 20 MHz UL

	Duplex mode
	FDD

	SCS 
	30 kHz

	UE distribution
	eMBB: 2 UEs / cell (on average)
URLLC: 2 UEs / cell (on average)
100% of users are outdoors 

	UE speed
	3 km/h

	UE power control
	alpha = 0.8, target SINR = 20 dB

	HARQ/repetition
	Adaptive HARQ re-transmissions 

	Channel estimation
	Ideal

	Traffic 
	URLLC DL: Periodic, 200 packets/sec, TBS 162 bytes
URLLC UL: Periodic, 200 packets/sec, TBS 87 bytes
eMBB: FTP model, object size = 200 kbit, exponential reading time, min = 1.5 s, max = 5.0 s 




Table A-2: Scenario 2 - System-level simulation assumptions 
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23 dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) 

dH = 0.5λ, dV = 0.8λ;

Antenna tilt: 3 degrees

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	1 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;


	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC 

	Number of UEs per cell
	URLLC: 5, eMBB: 10 

	Simulation bandwidth 
	FDD, 40 MHz for DL and 40 MHz for UL

	SCS 
	30 kHz

	UE distribution
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss model 
3 km/h (URLLC indoor, eMBB) and 30 km/h (URLLC outdoor) for modeling fading channel 

	UE power control
	No UL data simulated  

	HARQ/repetition
	Adaptive HARQ

	Channel estimation
	Realistic: PDCCH, PDSCH, PUSCH
Ideal: PUCCH 

	Traffic
	FTP model 3
Intensity: URLLC: 100 pkt/s, eMBB: 800 pkt/s
Packet size: URLLC: 32 bytes, eMBB: 1500 bytes

	CSI report configuration
	Periodic CSI-RS/IM: CSI-RS: 120 TTIs, CSI-IM: 5 TTIs
Target CSI report periodicity: 5 TTIs, 120 TTIs
Rank restriction: URLLC: rank 1, eMBB: no restriction
TTI: 4-OS TTI (7000 TTIs per second)

	URLLC requirements 
	Latency: 1 ms, Reliability: 99.999%




Table A-3: Link-level simulation assumptions
	Parameters
	Value

	Carrier frequency
	4 GHz

	Channel model 
	TDL-C, 300ns

	SCS 
	30 kHz

	BS antenna configuration
	4 Tx

	UE antenna configuration
	2 Rx

	Number of layers
	1

	MCS table
	MCS index table 3 for PDSCH

	CQI table
	4-bit CQI table 3

	Allocation size
	52 PRB
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