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In the RAN1 meeting #103-e, some agreements for Rel-17 CSI feedback enhancements have been achieved as shown below.
	Agreements:
· No change of CSI processing time relative to Rel-16 CSI in this WI
· CSI processing time specific to a new CSI reporting quantity/type (if supported) can be studied
· 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.
· 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 paper we firstly address new triggering methods for A-CSI. Then, we discuss fast CSI feedback including reporting the interference covariance matrix feedback or CQI with only updated interference information, and also other CSI related enhancements including sub-band CQI granularity enhancements, and PDSCH based OLLA performance enhancement.  
[bookmark: _Ref129681832]Discussion
2.1 New triggering methods for A-CSI/SRS
Aperiodic CSI reports ensure a high spectral efficiency since they help the gNB to make optimal scheduling decisions based on fresh channel state information while minimizing the UL overhead. 
Aperiodic CSI is very helpful for typical URLLC traffic types.
· For sporadic traffic bursts it can be ensured that a CSI report is sent in time without increasing the UL overhead. If SP-CSI/P-CSI would be used instead, a very short periodicity would need to be configured.
· A timely delivered A-CSI report can apply to the re-TX for some of the typical URLLC use cases (e.g. when the latency requirement is 4ms)
· A timely delivered A-CSI report can be used for sub-sequent TBs.
· For periodic traffic, A-CSI reports are beneficial as well. As opposed to SP-CSI/P-SCI, the A-CSI report only needs to be triggered when it is helpful to improve the performance.
From the above discussion it can be seen that A-CSI reports are very helpful for typical URLLC traffic scenarios. Using SP-CSI/P-CSI instead of A-CSI would result into too high UL overhead. 
Furthermore, there is no computation time requirement on the SP-CSI/P-CSI. Even if the high UL overhead would be acceptable in some cases and the UE would be configured with very short periodicities, it can still not be guaranteed how new the information is that the UE is using for the CSI computation. There is no guarantee that the latest channel state variations are taken into account.   
Based on the above discussion, we make the following observation that shows the need for A-CSI reports especially for URLLC use cases.
Observation 1: A-CSI reports are helpful for typical URLLC use cases, where SP-CSI/P-CSI would result into too much UL overhead and/or could not reflect the recent variations of the channel state. The utilization of A-CSI reports is providing the gNB with updated channel information that helps the gNB scheduler to optimize its MCS selection to achieve a better spectral efficiency.
A-CSI triggered by DL DCI
Based on observation 1, it is our view that RAN1 should ensure that A-CSI reports are possible to be utilized whenever they would show benefits for the system performance. This also means that obstacles related to the legacy mechanisms to trigger A-CSI should be overcome. The traditional method to trigger the A-CSI report is using an UL grant. However, for URLLC, this has multiple disadvantages:
· PDCCH blind decoding: URLLC UEs will typically be configured with span-based PDCCH monitoring and the number of PDCCH candidates per span is already limited. If the A-CSI is triggered by its own grant the blind decoding capabilities of the UE might be pushed over its limit.
· Channel estimation limit on non-overlapping CCEs decreases the reliability: The UE is only capable of performing channel estimation on a certain number of non-overlapping CCEs. If two PDCCHs (one for the DL scheduling and the other for the UL grant) would be required, then each of them could only use half the CCEs that would be available for a single transmission. This decreases the reliability of the PDCCH reception.
· Independent successful reception of two PDCCHs is required: In addition to the scheduling DCI that has to be received successfully, also the UL grant needs to be received successfully, which decreases the reliability.
· Increased latency of the A-CSI report. If the UL grant cannot be sent at the same time as the DL scheduling DCI, then the latency when the CSI report can be received at the gNB is increased. 
In our view, the above aspects motivate already sufficiently the introduction of a new triggering mechanism for A-CSI. However, one could also look into the system performance that is achieved when an UL grant is needed to trigger the A-CSI. In such scenarios, additional control resources are spent that otherwise could be used for data transmission.      
In R1-1903190, we have compared the performance of the traditional A-CSI triggered by an UL grant and compared to a new approach when the A-CSI report is triggered by the DL DCI. We have based our simulations on the Rel-15 enabled use case with traffic model FTP3 and a packet size of 32 Bytes at an arriving rate of 500 p/s. The latency budget is 1ms while the reliability requirement is 99.999%. The TTI length is set as 2 OS, and the DMRS density is 1/3, resulting into 16.67% DMRS overhead. In the simulations it is measured how many UEs meet the given requirements on latency and reliability. The outcome is shown in Table 1 below. The performance of the traditional method, i.e. triggering A-CSI by UL DCI, is worse than using the DL assignment due to the large DCI overhead. The performance gain is about 36.8% compared with A-CSI triggered by UL grant. 
 Table 1 - The ratio of UEs satisfying 1ms latency and 99.999% reliability [1]
	Scheme
	A-CSI triggered by DL DCI
	A-CSI triggered by UL grant

	Results
	81.4% 
	59.5% 



Based on the above discussion, we make the following observation and proposal:
Observation 2: For URLLC use cases, triggering A-CSI in DL DCI is superior to the traditional method of using an UL grant, it extends the applicability of A-CSI on more scenarios that will be benefit, because:
· No extra demands on the PDCCH blind decoding
· No impact on the available number of CCEs that can be used for channel estimation.
· No independent successful reception of DL scheduling DCI and UL grant is required 
· No latency increase for CSI reporting
· No increase of DL overhead, resulting in better spectral efficiency. 
In addition to the above reasons, the possibility to include the A-CSI trigger in a DL DCI is also useful from the system operation point of view. 
Proposal 1: Support A-CSI on PUCCH triggered by DL DCI.
Joint or separate CSI and HARQ-ACK reporting 
Comparing the CSI computation time with the delay for HARQ-ACK feedback, as shown in Table 2 and Table 4 in section 2.3 below, it can be seen that the CSI delay already is smaller than the HARQ-ACK processing time for the case when DL additional DMRS is configured with PDSCH decoding capability 1. Even for DL front loaded DMRS, the extra delay caused by CSI compared to the HARQ-ACK is quite small (i.e. only 20%-30% of the PDSCH processing time). For the latter case, the gNB could therefore simply indicate the HARQ-ACK timing a few symbols later than the minimum required PDSCH processing time capability 1 and then meet the CSI computation delay requirement. Therefore, at least for these cases, the A-CSI can be triggered to be simultaneously transmitted with HARQ-ACK but in separate channels and can then be used for scheduling the PDSCH retransmission. 
Observation 3: A-CSI feedback can be used for PDSCH retransmission scheduling considering the combination of the CSI computation delay requirement 1 and PDSCH processing capability 1.
If A-CSI on short PUCCH triggered by DL DCI or triggered by NACK is supported, then it should be considered how to indicate the uplink slot and the PUCCH resource for the corresponding A-CSI report. 
One option is to separately indicate the resource for the A-CSI report and for the HARQ-ACK feedback, as shown in the left part of Figure 1 below.  This approach is generic, it would decouple the CSI computation time and the PDSCH processing time to generate the HARQ-ACK. It could then depend on the UE capability if A-CSI and HARQ-ACK can be sent in the same PUCCH or in two different PUCCHs. 
Based on Observation 3, if the UE for example is configured with capability 1, the gNB can indicate the same PUCCH resource for the A-CSI report and for the HARQ-ACK. Otherwise, the gNB would indicate separate resources. This separate indication of the feedback is more flexible but it requires extra fields in the DCI. It would be necessary to include a field for the timing value and the PUCCH resource for the A-CSI report in addition to those fields that are already used for the HARQ-ACK transmission. 
Another option is to indicate joint A-CSI and HARQ-ACK feedback, as shown in the right part of Figure 1  below. That is, the A-CSI and HARQ-ACK are indicated in the same DCI field and are transmitted on the same PUCCH resource. This option in general is beneficial for the retransmission, because HARQ-ACK and A-CSI are reported together. If the UE reports NACK, then the gNB could utilize the CSI information for the retransmission. For this option, a potential ambiguity between HARQ-ACK and the A-CSI codebook due to a missed DCI should be carefully considered. 
[image: ]
[bookmark: _Ref30624032]Figure 1  HARQ-ACK feedback and A-CSI report triggered by one DCI

Proposal 2: For A-CSI on short PUCCH triggered by DL DCI, the following enhancements should be considered.
· Feedback scheme (e.g. separate or joint reporting of A-CSI and HARQ-ACK);
· Timing indication and PUCCH resource allocation.

2.2 Fast CSI feedback based on new CSI reporting quantity/type
2.2.1 CSI computation time in Rel-16
In the current specification 38.214, the CSI computation time is defined for different cases as shown in Table 2 and Table 3 below. 
The values for seen in Table 2 are applicable for the case where there is only a CSI report to be carried on the PUSCH, i.e. without any other information such as data and/or HARQ-ACK, and also these numbers are only applicable when L = 0 CPUs are occupied. 
In Table 3,, are relaxed, these numbers are defined for cases other than the underlying scenario from for Table 2. 
Table 2 - CSI computation delay requirement 1 [2]
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


Table 3 - CSI computation delay requirement 2 [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



Table 4 - PDSCH processing time for PDSCH processing capability 1 [2]
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5 - PDSCH processing time for PDSCH processing capability 2 [2]
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1



Reduced CSI computation time has started to be discussed for Rel-17 and in RAN1#103-e it was agreed that it should be further studied with a new CSI report quantity/type. In our view, it is highly desirable to achieve this goal as it can help to capture the channel fading and interference more timely and accurately. From the implementation perspective, if only partial information (e.g., interference information) needs to be updated then the CSI computation time could be extremely reduced.  
2.2.2 Fast CSI based on new CSI reporting quantity/type
For comparison, in Table 4 and Table 5, the PDSCH processing times under capability 1 and capability 2 are presented. It can be observed that the CSI computation time is much longer than the PDSCH processing capability 2. For URLLC traffic bursts, the gNB would then obtain out-of-date CSI to schedule the transmissions. For the legacy CSI computation, it is extremely difficult to speed-up the processing time, since the fast CSI feedback from Table 2 is already very tight and also only applicable under the assumption that all CSI CPUs in the UE are free. For achieving a faster CSI computation without increasing the UE complexity, the measurement procedure itself or the reporting quantity/type should be modified.
As an example, for slow-varying channels, only the interference would need to be updated, while the rank and PMI could remain unchanged for a long scale of time. This would also account for the situation that has been observed by many companies already, i.e. that in the short term perspective the dominant component of the channel state is the interference. Hence, if only interference is updated, the CSI can be computed faster without increasing the UE complexity. One straightforward way is that only CQI is computed and reported frequently with semi-static rank and PMI, in which the interference is reported as a part of CQI. Another way is that the UE can directly report the interference. As an example, the interference covariance matrix can be reported by the UE (as thoroughly discussed in Section 2.3). Both methods should be considered for the further study of fast CSI reports. 
Proposal 3: The CSI processing time should be reduced by only updating the interference information. At least two schemes can be considered further:
· Reporting of CQI for only updating the interference information;
· Reporting the interference covariance matrix.
It should be emphasized, however, that a reduced CSI processing time does not necessarily need to be tied to all other aspects that are discussed for this agenda item. For example, A-CSI triggered by the DL DCI is useful to have, regardless if the CSI processing time can be shortened or not.
2.2.3 System level simulation for fast CSI based on new CSI reporting quantity/type
For the system level simulation, the deployment scenario shown in Figure 2 below is assumed. We consider downlink transmissions in the indoor factory environment, where the users are affected by interfering BSs surrounding the serving area. Four interferers are deployed, one on each side of the service area of size 120m*50m, with 10m distance to its edge. Within the service area, a single cell with 12 sets of distributed antennas is used to serve the UEs. It is further assumed that the 12 sets of antennas cooperate with each other to form a distributed multiple-input multiple-output (D-MIMO) system.
[image: ]
Figure 2 - The deployment of the system simulation.

In the simulations, a periodic deterministic traffic model with a data arrival interval of 1ms is considered for the UEs in the serving area. The packet size is 32 Byte. And the latency and target reliability are 1ms and 99.999%, respectively. A single user in each RB is considered. Moreover, the carrier frequency and transmission bandwidth are set to 3.5GHz and 20MHz, respectively. The channel model is set to sub-case 4, i.e., dense-high (DH) deployment of Indoor Factory (assuming a factory size of 120m*50m*10m) [3]. 
The interfering BSs randomly allocate RBs and beams at each TTI, and in average 30% of the resources are affected by interference. The other simulation assumptions can be found in Table A1-1 in the Appendix. Moreover, to enhance the system performance, we assume that in the deployment the interfering BSs can communicate with the distributed antennas located in the serving area. As shown in Figure 3 below, the interfering BSs transmit the NZP-CSI-RS to simulate the scheduled PDSCH at TTI n+x. In other words, the NZP-CSI-RS will have the same transmit power, resource allocation, and precoding matrix as the scheduled PDSCH will have at TTI n+x. If the channel remains stable, then the UE in the service area can utilize the NZP-CSI-RS at TTI n to predict the interference that will be caused by the PDSCH at TTI n+x. The serving gNB can utilize the interference measured at TTI n to schedule the PDSCH transmission at TTI n+x. In our simulation, the time difference between TTI n and TTI n + x is 1 ms. As an example shown in Figure 3, NZP-CSI-RS 1 is transmitted at T1, which is used for simulating PDSCH 1 transmission at T2. If the channel is varying slowly, the UE can obtain the accurate interference caused by PDSCH 1 already at Time T1. 
 [image: ]
Figure 3 - Scheduling diagram in the simulations
Since only small packets of size 32 Bytes are considered in the simulation, using the sub-band granularity for the CSI report is more suitable. 
To evaluate the baseline performance, the CSI computation time shown in Table 3 is considered, it is about 3ms for SCS = 60 kHz. This is then compared to a fast CSI computation time of 1ms. Note that the previous 3ms and 1ms both include the time for CSI measurement/report and gNB scheduling. Two schemes have been evaluated to realize the fast CSI feedback. In scheme 1 on the CQI is updated and reported and in scheme 2 the interference covariance is reported to the gNB. The latter method is a generic approach that can be used for both SU-MIMO and MU-MIMO and is explained in more detail in the next section. The results are summarized in Table 6 below. The performance gain for the fast CSI schemes is about 42%. Please note that the gap between NZP-CSI-RS and the PDSCH transmission should be rather short, e.g. 1ms to ensure a stable channel and consequently an accurate prediction of the interference. Larger gaps, e.g. 3ms, would cause unreliable results, this is also one of the reasons why a fast CSI computation time is needed. Additionally, a large gap would also impact the UE perceived throughput of UEs served by the interfering gNB considering about 3ms pre-scheduling needs to be performed in order for URLLC UEs to track the interference from the interfering gNB.   
Table 6 – Supported #UEs for different schemes under 100% availability
	
	Baseline CSI computation – 3ms 
	Fast CSI computation – 1ms

	
	
	CQI only
	Interference covariance

	Total UE Num. in the serving area
	70
	100
	100



Observation 4: Using fast CSI feedback can greatly increase the number of supported UEs. In the system level simulations for factory automation a CSI delay of 3ms has been compared with a fast delay of 1ms. About 42% more users can be supported with an enhanced scheme.
2.3 Separate interference measurement and reporting
Currently, the interference information is fed back to the gNB as part of the CQI, which causes a performance loss especially in MU-MIMO systems. In MU-MIMO, multiple users are scheduled in the same resource block (RB), and the allocated resources are determined based on the estimated SINR at the gNB. 
It has been shown for factory automation that MU-MIMO schemes are superior to SU-MIMO. In [4] simulation results are presented where the capacity in terms of supported number of users is doubled when going from 1 user per RB to 2 users. When multiplexing 4 users, the capacity gain is even higher.
Observation 5: MU-MIMO schemes show clear performance gain compared to SU-MIMO for the preferred use case control-to-control in factory automation.
Given the significant performance gain from MU-MIMO schemes for such an important and prioritized use case as factory automation, CSI enhancements should be applicable to both single user and multi user MIMO schemes. In order to save specification effort and to simplify the implementation one unified solution for both cases is desired.
Proposal 4: CSI enhancements shall be applicable to SU-MIMO and MU-MIMO schemes. A unified solutions is desired. 
The accuracy of the estimated SINR is very important, if it is larger than the actual SINR at the receiver, then there is a high risk that the transmitted data would not be decoded correctly, which is unacceptable for URLLC. On the other hand, if the estimated SINR is smaller than the actual SINR at the receiver, transmission resources will be wasted, which is harmful to the system capacity. Therefore, it is necessary to have an accurately estimated SINR available at the gNB side. 
The estimated SINR can be calculated as
,
where Pi is the transmit power on one RB for the i-th user, Hi is the channel matrix of the i-th user, and  is the precoding matrix of the i-th user, which can be computed based on the MU pairing algorithm, just like zero forcing (ZF). ui is the receiving vector of the i-th UE. Rlayer, Rinter and  represent the inter-layer interference, inter-cell interference and additive noise covariance matrices, respectively. As it can be seen from the equation above, in order to obtain an accurate SINR estimate, knowledge of the interference covariance matrix is necessary. If the number of receiving antennas is 4, the interference covariance matrix is a 4×4 matrix. 
In the current specification, PMI and CQI are reported to the gNB, and the CQI is a value rather than a matrix. In order to obtain an accurately estimated SINR, the gNB has to utilize CQI for reconstructing the interference covariance matrix. However, in order to minimize the inter-layer interference, the precoding matrix after multi-user pairing may not be equal to the precoding matrix that the UE reported. Then, the interference covariance matrix reconstruction based on the CQI derived from the reported PMI would result into a performance loss. Therefore, if the UE instead would feedback the interference covariance matrix, then the estimated SINR would become more accurate and the performance is improved. We have performed system level simulations in order to evaluate the impact of an accurate SINR estimate. In these simulations, the CQI based MU-MIMO is denoted as Baseline 1 and the results are shown in Table 7 below. 
The detailed assumptions for system level simulations to compare the current CSI estimation and reporting methods with the separate reporting of the interference covariance matrix are shown in Appendix 1. 
For the simulation, we consider downlink transmissions in the indoor factory environment, where the users are affected by outdoor macro base stations 50 meters away from the factory boundary. Since most of the assumptions in this simulation are similar to the one shown in Section 2.2, we only focus on the differences in this section. 
The MU-MIMO scheme is utilized for indoor users. The major difference between a MU and a SU scheduler is that one RB can be occupied by more than one user, i.e. there is more than one layer on each RB (in our simulation, the rank is fixed to be one for each user in the MU scenario). Therefore, the MU scheduler will decide which UEs should be paired on a single RB, and how many of them should be paired. The maximum number of paired users in same RB is 4 in the simulations. Moreover, the same scheduling scheme as shown in Figure 3 also considered. 
The results of the performance comparison between the different schemes are shown in Table 7 and Table 8 below. In the Baseline, the UE pair selection and the resource allocation for each user is based on the CQI. For the new enhanced scheme, the UE pair selection and the resource allocation is based on the interference covariance matrix. As shown in Table 7, 60% performance gain is achieved. In Table 8, the resource utilization for different schemes for 100 served users with 100% availability is shown. It can be seen that 62% performance gain can be achieved by the proposed scheme. 
Table 7 - UE number for different schemes under 100% availability
	
	UE number in the factory

	Baseline
	100

	Proposed scheme
	160



Table 8 - Resource utilization (RU) for different schemes under 100 UEs
	
	RU

	Baseline
	100%

	Proposed scheme
	37.69%



Observation 6: For MU-MIMO schemes, reporting the interference covariance instead of CQI increases the performance greatly. For the simulated case it is observed that, 160 instead of 100 UEs can be supported with 100% availability and for the same number of 100 users, the resource utilization is reduced by 62%.
Proposal 5: RAN1 shall support separate interference reporting since it helps to significantly improve the system performance for SU-MIMO and MU-MIMO schemes.
Note that for the current CSI measurement and report, the interference covariance matrix is indispensable. Hence, there is no extra processing required to measure and to determine the interference covariance matrix. Then, for the interference reporting, if the codebook-based quantization method is used, the UE only needs to determine which matrix within the codebook matches the interference matrix best, and this computation is simple since the codebook size is often small considering that the number of Rx antennas at the UE often is small. For example, assuming 4 Rx antennas at the UE and that the Type-I codebook for PMI feedback is reused, there are 16 matrices within the codebook, and hence the UE only needs to perform 16 matrix multiplications. Obviously, this processing is simpler and less time-consuming than the traditional CSI computation which requires the UE to traverse all possible Rank values and PMI values. Additionally, the number of bits for the matrix quantization is 4 based on the codebook assumption above. The corresponding overhead is very small, similar to the current CQI report. Finally, since the interference is reported directly, the UE may not need to feedback CQI as the gNB can recover the SINR from the channel estimated from SRS and the interference matrix fed back by the UE. Then, the overhead of CQI reporting can be used to report interference, which implies that no additional overhead for interference reporting is introduced.
2.4 Enhanced CSI feedback mode
The report quantity accuracy is another issue that should be considered for URLLC. Note that the current low-latency CSI is limited to the wideband report. However, many URLLC applications are restricted to small packet transmissions and hence often occupy only one or just a few sub-band(s). Hence sub-band CSI is more appropriate to use for these cases. The current sub-band CSI feedback is based on differential feedback for overhead reduction, and a 2-bit delta CQI index over the wideband CQI is reported as shown in Table 9. However, this unavoidably leads to a large granularity and inaccuracy of the CSI report, especially in frequency selective channel conditions. Then, if the gNB would make the MCS selection based on the coarse CSI report, it will either resulting into low spectrum efficiency (if the good sub-band is selected) or an unreliable transmission (if the poor sub-band is selected). To overcome this issue, an enhanced sub-band feedback method should be introduced to enable accurate CSI feedback, e.g., disabling the differential operation for sub-band CSI report.
Table 9 - Mapping sub-band differential CQI value to offset level [2]
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



Proposal 6: Sub-band CSI report mode without differential operation should be enabled in Rel-17.
2.5 PDSCH based OLLA performance enhancement
In the last meeting, the agreement below was achieved to study on reporting additional information based on a PDSCH decoding margin in order to improve outer-loop link adaptation.
	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.



Accurate CSI helps to achieve a better system performance in assisting the gNB scheduler to select a suitable MCS. OLLA could be used to track the channel fading and interference based on the ACK/NACK. This could help if the reported CSI is inaccurate or outdated in order to achieve a better performance. However, if the reported CSI already is accurate, the performance gain of OLLA is not clear. That means, if the gNB already is provided with an accurate CSI, then it can also schedule the UE directly based on this report. The OLLA is not needed in this situation. 
Observation 7: OLLA based enhancement is not needed if accurate CSI can be acquired. 
Observation 8: The current ACK/NACK based OLLA without specification impact is still there to be used in case of inaccurate or outdated CSI.
In the last meeting, some companies proposed several new reporting quantities for OLLA, such as low or high margin of ACK/NACK, MCS offset, small CSI range, reason for decoding failure, Delta-SINR, absolute value of BLER probability exponent. Based on our understanding, most of the new quantities can be treated as a kind of CSI which is obtained based on the PDSCH or DMRS. These kinds of CSI can be used for describing the channel state information which is used for PDSCH transmission. The difference between these kind of new quantities and the CSI in current specification is that the latter is based on the CSI-RS while the new quantities are based on the PDSCH or DMRS. Therefore, we prefer to discuss these new quantities under the CSI framework, and we are only open to discuss the new quantity if it is a type of CSI. 
On the other side, the PDSCH or DMRS based CSI can only represent the channel information of the sub-bands which are allocated for the PDSCH. The information of other sub-bands is still unknown. So, the gNB cannot fully utilize the frequency diversity when scheduling the data, just utilizing the PDSCH based CSI. Hence, we should put more effort into a study how to obtain more accurate CSI, just like fast CSI discussed above, which can help to provide more accurate CSI. Moreover, simulation results should be provided firstly to show the performance gain of PDSCH or DMRS based CSI before we discuss it thoroughly.
Proposal 7: Simulation results should be provided to RAN1 to show potential benefits of OLLA when CSI is accurately reported.
[bookmark: _GoBack]Proposal 8: The OLLA based enhancement should be only discussed under the CSI framework if benefits can be shown.
If performance gain in OLLA simulations could be shown, even under the assumption of accurate CSI, RAN1 could continue in its efforts to study modifications.  
The current method adjusts the gNB transmission parameters depending on if ACK or a NACK has been received. For URLLC this may cause problems, since the target BLER is so low that only very few PDSCH would be incorrectly decoded. Therefore, channel state information obtained from the PDSCH decoding could be reported in addition to the ACK/NACK. 
Proposal 9: If simulations for the prioritized use cases show that OLLA can provide a performance gain in addition to fast CSI, then additional channel state information obtained from the PDSCH decoding can be considered for improving outer-loop link adaptation when operating at a very low BLER target.
Conclusions 
According to the discussion, following proposals and observations are provided:
Observation 1: A-CSI reports are helpful for typical URLLC use cases, where SP-CSI/P-CSI would result into too much UL overhead and/or could not reflect the recent variations of the channel state. The utilization of A-CSI reports is providing the gNB with updated channel information that helps the gNB scheduler to optimize its MCS selection to achieve a better spectral efficiency.
Observation 2: For URLLC use cases, triggering A-CSI in DL DCI is superior to the traditional method of using an UL grant, it extends the applicability of A-CSI on more scenarios that will be benefit, because:
· No extra demands on the PDCCH blind decoding
· No impact on the available number of CCEs that can be used for channel estimation.
· No independent successful reception of DL scheduling DCI and UL grant is required 
· No latency increase for CSI reporting
· No increase of DL overhead, resulting in better spectral efficiency. 
Proposal 1: Support A-CSI on PUCCH triggered by DL DCI.
Observation 3: A-CSI feedback can be used for PDSCH retransmission scheduling considering the combination of the CSI computation delay requirement 1 and PDSCH processing capability 1.
Proposal 2: For A-CSI on short PUCCH triggered by DL DCI, the following enhancements should be considered.
· Feedback scheme (e.g. separate or joint reporting of A-CSI and HARQ-ACK);
· Timing indication and PUCCH resource allocation.
Proposal 3: The CSI processing time should be reduced by only updating the interference information. At least two schemes can be considered further:
· Reporting of CQI for only updating the interference information;
· Reporting the interference covariance matrix.
Observation 4: Using fast CSI feedback can greatly increase the number of supported UEs. In the system level simulations for factory automation a CSI delay of 3ms has been compared with a fast delay of 1ms. About 42% more users can be supported with an enhanced scheme.
Observation 5: MU-MIMO schemes show clear performance gain compared to SU-MIMO for the preferred use case control-to-control in factory automation.
Proposal 4: CSI enhancements shall be applicable to SU-MIMO and MU-MIMO schemes. A unified solutions is desired. 
Observation 6: For MU-MIMO schemes, reporting the interference covariance instead of CQI increases the performance greatly. For the simulated case it is observed that, 160 instead of 100 UEs can be supported with 100% availability and for the same number of 100 users, the resource utilization is reduced by 62%.
Proposal 5: RAN1 shall support separate interference reporting since it helps to significantly improve the system performance for SU-MIMO and MU-MIMO schemes.
Proposal 6: Sub-band CSI report mode without differential operation should be enabled in Rel-17.
Observation 7: OLLA based enhancement is not needed if accurate CSI can be acquired. 
Observation 8: The current ACK/NACK based OLLA without specification impact is still there to be used in case of inaccurate or outdated CSI.
Proposal 7: Simulation results should be provided to RAN1 to show potential benefits of OLLA when CSI is accurately reported.
Proposal 8: The OLLA based enhancement should be only discussed under the CSI framework if benefits can be shown.
Proposal 9: If simulations for the prioritized use cases show that OLLA can provide a performance gain in addition to fast CSI, then additional channel state information obtained from the PDSCH decoding can be considered for improving outer-loop link adaptation when operating at a very low BLER target.
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Appendix
Table A1-1 System simulation for separate interference feedback for factory automation
	Parameters
	Value

	Distance between interference BSs and the boundary of serving area
	50m/10m

	Carrier frequency
	3.5GHz

	Duplex mode
	TDD

	Frame structure
	[image: ]

	Channel model 
	InF(R16 IIOT indoor factory) for 3.5 GHz
sub-scenario 4 is adopted
h_c = 6,r=0.6 

	UE Tx power
	23dBm

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

	BS antenna height
	10 m (indoor)
25m (outdoor)

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 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;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	UE antenna height
	1.5m

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	24 dBm for indoor BS
46 dBm for outdoor BS

	BS receiver
	MMSE-IRC 

	Simulation bandwidth 
	20 MHz

	SCS 
	60 kHz

	UE distribution
	100% of users are indoor: 3 km/h UE-speed

	HARQ/repetition
	Without HARQ

	Channel estimation
	Realistic

	CSI configuration
	Realistic,
P-CSI with periodicity of 1ms

	Latency
	1 ms (air interface latency)

	Reliability (%)
	99.999%

	Data packet size and traffic model
	32 bytes, 
Periodic deterministic traffic model with data arrival interval 1 ms

	Payload of the outdoor BS
	30%

	Penetration loss
	20 dB
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