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Introduction
At RAN1 #104bis-e, the following were agreed:

Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS

Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: how to report the updated CQI
During RAN #92-e, the scope of Rel-17 URLLC in general and CSI feedback enhancement in particular was much discussed, and it is recorded in RAN chairman’s notes:

conclusion: Revised recommendations 1 & 2 of 3.2 are endorsed (of [4])

And the recommendations from [4] are included below:
· 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.
· Revised Recommendation2: Provide the following RAN guidance on HARQ-ACK enhancement [RAN1]
· No further discussions on SPS HARQ-ACK skipping and size reductionbundling/compression.

In RP-211297, two potential enhancements are captured:
	Proposal:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is largest MCS index such that estimated BLER of the for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.
· Estimated BLER for a TB is the largest error probability estimate of a code block within a TB.
· FFS: whether to apply additional offset to delta-MCS (i.e. delta-MCS = IMCS_tgt – IMCS - offset)
· FFS: whether TB size for determining IMCS_tgt is TB size of received TB or other TB size
· FFS: How UE determines BLER target (e.g. explicitly indicated by network or linked to a CQI table)
· FFS: Number of bits and quantization for delta-MCS report
· FFS: whether delta-MCS is reported (Option 1) jointly with HARQ-ACK codebook or (Option 2) separately from HARQ-ACK codebook.




In this contribution we provide our initial views on those enhancements. 
Discussion on feedback with delta-MCS 
Testability for delta-MCS
 In the email discussion towards the end of RAN1 #105-e, the following proposal was discussed, which provides more details than what is included in RP-211297. 

[bookmark: _Hlk72993375]FL proposal 8.5-3:
RAN1 to focus on the following for CSI enhancements for IIoT/URLLC:
· Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is largest MCS index such that estimated BLER of the for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.
· Estimated BLER for a TB is the largest error probability estimate of a code block within a TB.
· FFS: whether to apply additional offset to delta-MCS (i.e. delta-MCS = IMCS_tgt – IMCS - offset)
· FFS: whether TB size for determining IMCS_tgt is TB size of received TB or other TB size
· FFS: How UE determines BLER target (e.g. explicitly indicated by network or linked to a CQI table)
· FFS: Number of bits and quantization for delta-MCS report
· FFS: whether delta-MCS is reported (Option 1) jointly with HARQ-ACK codebook or (Option 2) separately from HARQ-ACK codebook.

First we need to consider how the CSI feedback enhancement is used. If it is for the initial transmission for another transport block, the essence of the delta-MCS feedback can be described as 
1) the measurement resource is PDSCH instead of CMR/IMR as in conventional CSI feedback design, and 
2) the CQI feedback granularity is increased (roughly 5 bits as in MCS indication are used instead of 4 bits as in CQI feedback). 

Note any such CSI information is conditional on the current PDSCH’s presence: if there is no PDSCH transmission then the gNB cannot obtain such a CSI feedback. It is evident that for initial PDSCH, the existing CSI feedback framework is already there. If the case that the existing CSI feedback framework is broken cannot be made, we don’t see the necessity of such an enhancement. If finer CQI granularity in CQI feedback is so desirable (Aspect 2) as captured above), then that should be studied in the general CSI feedback setup, which does not suffer from the limit imposed by the required presence of PDSCH transmission.
We have
Observation: If the delta-MCS feedback is for initial transmission, compared with conventional CSI feedback, a key point is its finer granularity, but it suffers from the limit imposed by the existence of PDSCH. transmission.

Then if the CSI feedback enhancement is used for retransmission (delta-MCS feedback accompanies a NACK for the current transport block), as that is not supported by any existing standardized solution, studying it further perhaps can be justified. However, as deriving a supported MCS may require design/computation substantially different from that for CSI feedback, we need to lay out the required study and pursue the study in a systematic way.

From the previous transmission(s) of a transport block, the UE has already accumulated LLRs in the soft buffer for the transport block. For URLLC, it may be helpful for the UE to quantize additional redundancy needed for successful decoding of the transport block and indicate the needed additional redundancy to the gNB. Putting aside the differential encoding aspect of delta-MCS, the key behavior on the UE side is to report . 

The usage of  can be described as follows:

With suitable transmission conditions, as long as the gNB gives a grant for that transport block’s retransmission (with the same TBS size as for the initial transmission) with a spectral efficiency no higher than the reported MCS, then the UE can guarantee the successful decoding of the transport block with a certain probability (“BLER target”). 

The term “suitable transmission conditions” is discussed in the next section. Mathematically the condition for reported  can be formulated as below:
If CBG (Code Block Group) based transmission is supported by the UE and configured by the network, then the condition for reported  can be formulated as below:With suitable transmission conditions, if [the spectral efficiency of a retransmission of the transport block] = (TBS size in bytes )/(available REs for PDSCH data  modulation order)  [spectral efficiency of the indicated MCS ],
then the UE can decode the transport block with the retransmission meeting a BLER target.






With suitable transmission conditions , if [(fraction of TBS size in bytes due to CBGs not correctly received yet )/(available REs for PDSCH data  modulation order)  [spectral efficiency of the indicated MCS ],
then the UE can decode the CBGs not correctly received yet or the transport block with the retransmission meeting a BLER target.

In the determination of spectral efficiency of a retransmission, the REs/PRBs not available due to rate matching are not counted towards available REs. However, that is ensured through gNB’s scheduling decision, and it is UE’s responsibility that is indeed the case.

Other conditions such as requiring HARQ redundancy version 0 for the retransmission can be also considered, so the retransmission uses redundancy version 0.

In some cases there is a single code block for the transport block, in other cases there are multiple code blocks for the transport block. Since the goal is for the successful reception of the whole transport block, conditioning the MCS feedback on the code block with the worst condition is not desired, hence it is not necessary to adopt that “estimated BLER for a TB is the largest error probability estimate of a code block within a TB” .

Note for regular CSI feedback, the BLER target for CQI computation is either  and . For each BLER target, the need design and test work is substantial. It is unreasonable to open many possibilities for the BLER target for MCS feedback, and throw the problem to implementation teams. From that, as linking the BLER target to CQI would lead to multiple BLER targets, such a design is clearly undesirable. Also giving network the full flexibility in configuring BLER target leads to the same problem. If the MCS feedback is supported, then it is preferred that a small number of BLER targets is supported, e.g. just one BLER target.
We have
Proposal 2-1: If the (delta)-MCS feedback is supported, a single value for BLER target is specified.

Suitable transmission conditions
When the gNB transmits the current PDSCH to the UE, there are many transmission parameters to decide: among transmission parameters visible to the UE, there are the FDRA, PRB bundling size, number of spatial layers, TCI state, etc., among transmission parameters invisible to the UE, there are precoders used for PRGs, MU-MIMO pairing including DL power control, etc. When the UE generates a reported , the calculation and estimate is conducted with the current PDSCH’s transmission parameters implicitly and/or explicitly used by the gNB. It is to the gNB’s advantage to replicate all the parameters as much as possible for retransmission, so the discrepancy between the UE’s assumption on transmission parameters and those actually used for retransmission is reduced. However, from feedback point of view, the conditions under which the UE generates  must be clearly specified.

If the current PDSCH transmission from which the  is derived occupies a large frequency bandwidth (a large number of PRBs) but a few OFDM symbols, the gNB can give the retransmission the same frequency domain resource allocation as the current PDSCH but more OFDM symbols in time domain resource allocation to satisfy the spectral efficiency requirement. However, when the frequency domain resource allocation of the current PDSCH transmission is small, under the condition the gNB does not use frequency domain resource not included in the transmission of the current PDSCH, the gNB may use all 14 OFDM symbols in a slot yet it still cannot meet spectral efficiency requirement. In this case, as practical solution, the gNB can allocate more frequency resources for retransmission than what is used in the current PDSCH transmission to meet the spectral efficiency requirement. However, as the UE’s MCS reporting is conditional on the frequency resource allocation of the current PDSCH’s, the UE shall not be expected to meet the BLER target in that case.
We have
Proposal 2-2: the reported  is conditioned on the frequency domain resource allocation of the current PDSCH. For retransmission, if the gNB allocates frequency domain resources outside the frequency domain resource allocation of the current PDSCH, the UE is not required to meet the BLER target.

Similarly, for PRG signaling, the same transmission condition for the current PDSCH should apply. We have examined the DCI fields for DCI formats 1-0/1-1/1-2. If the current PDSCH is scheduled by DCI format 1-1 and DCI format 1-2, the following fields are assumed to be the same for the retransmission when the UE reports :
· carrier indicator
· BWP indicator
· Frequency resources as indicated by FDRA of the current PDSCH
· VRB-PRB mapping of the current PDSCH
· PRB bundling size according to PRB bundling size indicator of current PDSCH
· HARQ Process number
· Number(s) of spatial layers according to “antenna ports” signaling for transport block(s) the current PDSCH
· For retransmission of a transport block, it should not be paired with more spatial layers for another transport block as in the current PDSCH.
· TCI state according to TCI of the current PDSCH
If CBG based transmission is used, then the CBGTI assumed for retransmission is according to the CBG feedback from the UE, just for CGBs which are not received correctly yet.

If the current PDSCH is scheduled by DCI format 1-0, the following fields are assumed to be the same for the retransmission when the UE reports :
· Frequency resources as indicated by FDRA of the current PDSCH
· VRB-PRB mapping of the current PDSCH
· NDI for TB
· HARQ Process number

We have:

Proposal 2-3:
· If the current PDSCH is scheduled by DCI format 1-1 and DCI format 1-2, the suitable conditions are met if the following transmission parameters can be assumed to be the same for the retransmission and the current PDSCH transmission:
· Frequency resources as indicated by FDRA of the current PDSCH
· VRB-PRB mapping of the current PDSCH
· PRB bundling size according to PRB bundling size indicator of current PDSCH
· Number(s) of spatial layers according to “antenna ports” signaling for transport block(s) in the current PDSCH
· TCI state according to TCI of the current PDSCH

· If CBG based transmission is used, then the CBGTI assumed for retransmission is according to the CBG feedback from the UE, just for CGBs which are not received correctly yet.

· If the current PDSCH is scheduled by DCI format 1-0, the suitable conditions are met if the following transmission parameters can be assumed to be the same for the retransmission and the current PDSCH transmission:
· Frequency resources as indicated by FDRA of the current PDSCH
· VRB-PRB mapping of the current PDSCH

Proposal 2-4: If the suitable conditions are not met,  the UE is not required to meet the BLER target. 

Remarks on delta-MCS feedback for initial transmission
As discussed above, while we are not convinced that providing delta-MCS feedback for initial transmission of another transport block is used, we can still analyze the issues will be encountered if that is pursued:
For delta-MCS feedback for retransmission, the feedback is actually an indication of gap what is accumulated now in the UE’s soft buffer from all previous transmissions to what is needed for the successful decoding of the transport block. 
For the feedback for initial transmission, which occurs when the current PDSCH is successfully decoded (i.e. delta-MCS feedback accompanies ACK for the current transport block), whether the feedback is conditional on 
A. all previous transmission(s) if any and current PDSCH’s transmission for the transport block, or 
B. the current PDSCH’s transmission for the transport block 
needs to be decided. 

For A), the condition can be formulated as:
For transmission with CBG based transmission for a transport block, there seems not a clear way to define the UE assumptions as increasingly more CBGs can be decoded correctly, and there is no fixed target such as decoding a transport block correctly to refer to.With transmissions for a new transport block with the same TBS size of the current PDSCH with the same transmission parameters as for the previous transmissions for the current transport block’s, and 
If [the spectral efficiency of a retransmission of  the new transport block] = (TBS size in bytes )/(available REs for PDSCH data  modulation order)  [spectral efficiency of the indicated MCS ],
then the UE can decode the transport block meeting a BLER target.

For B), the condition can be formulated as:If [the spectral efficiency of an initial of a transport block at the same TBS size of the current PDSCH] = (TBS size in bytes )/(available REs for PDSCH data  modulation order)  [spectral efficiency of the indicated MCS ],
then the UE can decode the transport block meeting a BLER target.


UCI feedback aspects
On Delta-MCS enhancements, the resulted CSI payload depends on the PDSCH decoding outcome: if the PDSCH is decoded successfully with a high margin, then a simple ACK is enough, on the other hand, if the PDSCH decoding is not successful or succeeds with a low margin, beyond HARQ-ACK, additional information is required. 

First, we observe Delta-MCS feedback can be treated as something between HARQ-ACK feedback and CSI feedback. 
Delta-MCS feedback for both ACK and NACK
[image: Diagram
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Figure 1 Soft NACK/ACK schemes as example for Delta-MCS enhancement


Assume there can be up to four states for PDSCH decoding outcome: high ACK, low ACK, low NACK, high NACK as shown in Figure 1. With high ACK, PDSCH decoding succeeds with a high margin, little or no additional feedback information is generated; with low ACK, PDSCH decoding succeeds with a low margin, additional feedback information is generated such as (delta CQI/MCS, equivalent CQI/MCS for the reception up to now, etc); with low NACK, PDSCH decoding fails with a low margin (PDSCH decoding almost succeeds), additional feedback information is generated such as (delta CQI/MCS, equivalent CQI/MCS for the reception up to now, etc); with high NACK, PDSCH decoding fails with a high margin (PDSCH decoding fails miserably), additional feedback information is generated such as (delta CQI/MCS, equivalent CQI/MCS for the reception up to now, etc).

In general, the Delta-MCS feedback payload can be small for some code states, and it can be large for other cases.
First we consider the case where the Delta-MCS feedback is carried over PUCCH, and we have a similar consideration for PUSCH. Due to the uncertainty in the feedback payload, in general, we want to divide the UCI payload into two parts, in the first part (UCI part I), a fixed payload is carried irrespective of PDSCH decoding outcome; in the second part (UCI part II), additional feedback information may be carried according to the payload content in the first part.

We can consider the following scheme: 
a modified HARQ-ACK is carried in UCI part I, ”1” for high ACK, ”0” for the other cases (note in this case low ACK will be represented by ”0” in UCI part I). And delta-MCS  is present in in UCI part II, and further information about HARQ-ACK is included in UCI part II.
high ACK: UCI part I:  ”1”, UCI part II: empty
low ACK: UCI part I: ”0”, UCI part II, delta-MCS  value in range 1, or a code state for low ACK and delta-MCS 
low NACK: UCI part I: ”0”, UCI part II, delta-MCS  value in range
2, or a code state for low NACK and delta-MCS 
high NACK: UCI part I: ”0”, UCI part II, delta-MCS  value in range 3, or a code state for high NACK and delta-MCS 
the delta-MCS  ranges can be RRC configured, MAC CE indicated, or specified.  For example, 
there are  levels for delta-MCS   for low ACK
there are  levels for delta-MCS   for low NACK
there are  levels for delta-MCS   for high NACK

then log2() bits can be used to indicate one code state out of  code states. 

In this case, UCI part I provides a bitmap: for each PDSCH with a single transport block, “1” means the PDSCH is received correctly and no further information is provided; “0” means delta CQI/MCS is provided for the corresponding PDSCH, which may include further information.

If fixed overhead is used, then a conversion of an existing HARQ codebook is also possible without utilizing two part UCI feedback.
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Figure 1 conversion on an existing HARQ-codebook

Delta-MCS feedback for NACK only
If Delta-MCS feedback is for NACK only, then there is no additional feedback overhead incurred for ACK. It is also clear depending the number of NACKs in a HARQ-ACK codebook, the required feedback overhead for delta-MCS varies. The number of NACKs can be indicated in UCI part 1, and the delta-MCS feedback is included in UCI part 2:
· UCI part 1:
· HARQ-ACK codebook
· # of NACKs 
· UCI part 2:
· Delta-MCS for each NACK if delta-MCS feedback is needed/configured for that NACK.

For delta-MCS feedback both NACK and ACK and for NACK only designs, to limit the feedback overhead, the delta-MCS feedback can configured on a per CC basis. For example, with 4 CCs configured/activated, only CC1 is configured for delta-MCS feedback leads to a potential feedback in UCI part 2. For enhanced Type 3 HARQ codebook, it is also possible only delta-MCS feedback is required for a subset of HARQ processing numbers on a CC or all CCs, so the delta-MCS feedback is required for subset(s) of HARQ process numbers over a subset of configured/activated CCs.
We have 
Proposal 2-5:  If Delta-MCS enhancement feedback is supported, the feedback is as part of enhanced HARQ codebook. Delta-MCS feedback can be included UCI part 2 and the number of NACKs with delta-MCS feedback is indicated in UCI part 1.
Discussion on finer granularity for subband CQI

For URLLC traffic, wideband scheduling can be used to mitigate frequency selective fading and/or interference. It seems worst-M CQI, worst-Best CQI, etc can be beneficial for localized scheduling (e.g. several clusters of resources in the BWP), and interference profile over those clusters does not change from CSI feedback to PDSCH scheduling. It is not clear such stationarity for interference can be safely assumed. If some network coordination for cells can be used to make interference more predictable, e.g. with fractional frequency use following certain reuse patterns across cells, then CSI measurement with reportFreqConfiguration can be already used, assume there are 12 subbands are present in the active BWP, a bitmap with subbands12 such as [110011…1] can be used from Rel-15 to limit the subbands where the UE will report the CQI. Thus the benefits of those schemes are not clear. We note worst-M CQI and worst-Best CQI are already excluded from further study.

As for finer subband CQI granularity, quantitation error in CQI is reduced. A fundamental fact is that while there are 5 bits for MCS levels and there are only 4 bits for CQI; some kind of OLLA adaption is inevitable. Also to justify the finer differential CQI granularity, the stationarity of interference/CQI is also implicitly assumed, the question raised for worst-M/worst-Best CQI can be asked here also. If interference is not stationary, then CQI fluctuation can be much larger than the quantization error in CQI; It is dubious whether finer CQI granularity brings much benefit in that case.  From these considerations, the benefits with such schemes are also not clear. 

We have
Proposal 3-2: Clarify the assumption on stationarity of interference for sub-band CQI.

3. Conclusions
In this contribution we share our views on CSI feedback enhancements. We have
Observation: If the delta-MCS feedback is for initial transmission, compared with conventional CSI feedback, a key point is its finer granularity, but it suffers from the limit imposed by the existence of PDSCH. transmission.

Proposal 2-1: If the (delta)-MCS feedback is supported, a single value for BLER target is specified.

Proposal 2-2: the reported  is conditioned on the frequency domain resource allocation of the current PDSCH. For retransmission, if the gNB allocates frequency domain resources outside the frequency domain resource allocation of the current PDSCH, the UE is not required to meet the BLER target.

Proposal 2-3:
· If the current PDSCH is scheduled by DCI format 1-1 and DCI format 1-2, the suitable conditions are met if the following transmission parameters can be assumed to be the same for the retransmission and the current PDSCH transmission:
· Frequency resources as indicated by FDRA of the current PDSCH
· VRB-PRB mapping of the current PDSCH
· PRB bundling size according to PRB bundling size indicator of current PDSCH
· Number(s) of spatial layers according to “antenna ports” signaling for transport block(s) in the current PDSCH
· TCI state according to TCI of the current PDSCH

· If CBG based transmission is used, then the CBGTI assumed for retransmission is according to the CBG feedback from the UE, just for CGBs which are not received correctly yet.

· If the current PDSCH is scheduled by DCI format 1-0, the suitable conditions are met if the following transmission parameters can be assumed to be the same for the retransmission and the current PDSCH transmission:
· Frequency resources as indicated by FDRA of the current PDSCH
· VRB-PRB mapping of the current PDSCH

Proposal 2-4: If the suitable conditions are not met, the UE is not required to meet the BLER target. 

Proposal 2-5:  If Delta-MCS enhancement feedback is supported, the feedback is as part of enhanced HARQ codebook. Delta-MCS feedback can be included UCI part 2 and the number of NACKs with delta-MCS feedback is indicated in UCI part 1.
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