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Introduction
This contribution considers aspects on UE feedback enhancements for Rel-17 URLLC based on outcomes from RAN1#105-e and RAN#92-e [1]. 


UE Feedback enhancements
Increasing granularity of sub-band CQI
Throughput results for 3-bit and 4-bit sub-band CQI are presented in Table 1. Simulation assumptions are provided in the Appendix. It is observed that, with the exception of the 5% throughput for the 4-bit full sub-band CQI, a gain is marginal while a larger CQI report overhead would be needed. However, such trade-offs can be left for the gNB to decide (e.g. the gNB may configure a 4-bit full sub-band CQI only for UEs reporting small RSRP). The overall specification impact is marginal, the same applies to UE implementation impact, and the feature can be optional for a UE.

Table 1: Throughput difference between 2-bit differential sub-band CQI and (a) 3-bit differential sub-band CQI or (b) 4-bit full sub-band CQI
	
	Avg. UPT
	50% UPT
	5% UPT
	RU
	Avg. UPT gain
	50% UPT gain
	5% UPT gain

	2-bit diff SB
	9.17
	6.43
	1.65
	73.0%
	100.0%
	100.0%
	100.0%

	3-bit diff SB
	9.19
	6.56
	1.66
	72.9%
	100.2%
	101.9%
	101.0%

	4-bit SB
	9.22
	6.48
	1.90
	72.9%
	100.5%
	100.7%
	115.6%



Proposal 1: A gNB can configure the number of bits for sub-band CQI.


Reporting delta-MCS
The following was considered in RAN1#105-e for reporting delta-MCS. 

	Proposal:
· 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.



The determination of the delta-MCS would be a UE proprietary implementation aspect and there is no need for RAN1 to discuss. Testing needs only consider a BLER for an MCS used for a TB reception and a BLER that would result by applying the delta-MCS. The UE can determine a delta-MCS value, , that after addition to the MCS index for the received TB, , a resulting MCS value  would be the largest one for which the UE would receive the TB with a BLER that is smaller than or equal to a target BLER such as the BLER associated with the corresponding MCS table. It is noted that the “Estimated BLER for a TB is the largest error probability estimate of a code block within a TB” of the proposal from RAN1#105-e is unnecessary.

The number of bits for  can range from a minimum of 1 bit to a maximum of 5 bits (full MCS, instead of differential MCS). That would then be similar to configuring the number of bits for differential CQI as previously discussed. Given that, for a same SINR, decoding outcomes for TBs depend on a multitude of factors that cannot be predetermined (and are unknown to the gNB), a fine granularity/quantization of a single MCS entry for  values is generally inappropriate and the granularity/quantization should be left to the gNB to determine. Basically, a number of bits for  depends on the granularity/quantization for a shift of  indexes of the MCS table for the  values and on a link adaptation accuracy range that the gNB scheduler needs to cover for a given UE. For example, if different values of  correspond to successive indexes of the MCS table () and the gNB scheduler intends to cover a range of 6 dB in link adaptation error (e.g.  dB, or for -2 dB to 4 dB, …), then 3 bits are needed for the  as successive MCS entries differ by ~0.94 dB. Similar, if different values of  corresponding to every other index of the MCS table () and the gNB scheduler intends to cover a range of 6 dB in link adaptation error, then 2 bits are needed for the . The gNB can configure the granularity  for the  values and the number of bits for the  values, and that determines the MCS/SINR range for adaptation that can be covered. 

Values of  can be  for ACK and  for NACK/DTX of a TB. It is also possible that  if a UE reports ACK (received BLER is larger than target BLER) but it may not be necessary to optimize for that case, especially if . If a UE does not receive a TB due to PDCCH DTX, the UE can report . 

Proposal 2: A UE provides a differential MCS () relative to an MCS index of a received TB () so that the TB BLER for MCS with index  is smaller than or equal to the BLER of the MCS Table for the TB.

Proposal 3: A UE is provided by RRC a number of bits and a granularity for differential MCS () values.


As a UE provides CQI reports relative to a reference MCS table associated with a given BLER for corresponding TB receptions (10-1 or 10-5), and as the MCS indication is relative to a configured MCS table, the  values can be relative to the BLER associated with the same MCS table. A gNB can operate TB (re)transmissions with any other BLER but that can be transparent to the delta-MCS reporting as a relatively large SINR/MCS range can be covered. The concept is same as with having a configured MCS table and rely on a 5-bit MCS field to achieve practically any BLER. 

An alternative would be to include a new field in the DCI formats, e.g. with 2 bits, to indicate a BLER from a configured set of BLER values in order for the UE to determine the delta-MCS relative to the indicated BLER. That would actually be similar to dynamically indicating an MCS table. However, although variable BLERs for TBs should be supported, a more robust operation is achieved by having ~1 more bit to represent the  values in order to cover a larger BLER/SINR range because (a) quantization errors are smaller, (b) specification complexity is smaller, (c) PDSCH receptions without corresponding DCI (e.g. SPS PDSCHs) can be supported, (d) overhead is similar. Configuring an offset or a target BLER to apply to  values would be worse than indicating a target BLER by DCI, and would also be worse than defining an additional MCS/CQI table (e.g. for BLER of 10-3) as then the CQI reports and the MCS indication can also be more accurate – basically, such configurations are unnecessary.

The TB used by a UE to compute a  value can only be the received TB as the UE cannot know what the instantaneous BLER would be for another TB (e.g. due to dependence on transmission scheme, MCS, channel medium, etc.). Further, in case of spatial multiplexing, as transmission parameters (e.g. MCS) can be different for different TBs,  needs to be reported per TB in order to be meaningful. Ideally, for CBG-based HARQ-ACK,  should be provided per CBG but that would be an over-optimization for the purposes of delta-MCS and would increase reporting overhead.   

Observation 1:  values can capture a large SINR/BLER range with few (2-3) bits as fine granularity/quantization is generally unnecessary. 

Observation 2: Configuration of an offset to apply to  values, or indication of a BLER target by DCI, is unnecessary.

Observation 3: The TB used for the calculation of a  should be the received TB. 

Proposal 4: The BLER target is the BLER of the MCS table used for the PDSCH receptions.

For the reporting of  (jointly with or separately from HARQ-ACK), it is first noted that each  value should have a one-to-one correspondence with a TB instead of being a filtered value over multiple TBs because then there is practically no information that a gNB can derive from a  value. For example, even for only 2 TBs, a UE may report  when 1 TB is “high ACK” and 1 TB is “high NACK”. Further, by having a  value being a filtered value, additional specifications would be needed for what the “filter” can be and the result is unlikely to be something meaningful.

Observation 4: A reported  value should have a one-to-one correspondence with a received TB. 

Due to the correspondence between a decoding outcome for a TB and for a  value, a  value is essentially a “soft HARQ-ACK” value and should be reported together with the HARQ-ACK codebook. Having a separate reporting for  values and for corresponding HARQ-ACK information is detrimental at least due to the following:
a) Specification impact:  values would essentially become a new UCI type and every corresponding aspect will need to be defined (e.g. determination of PUCCH resources, additional procedures for resolving PUCCH/PUSCH overlapping, new UCI multiplexing procedures or rules for dropping UCI in PUCCH/PUSCH, etc.)
b) Performance: Separate encoding of  values and for corresponding HARQ-ACK information would have smaller encoding gains and therefore require more UL resources for a same BLER compared to joint coding. Also, error events in link adaptation can occur in case of no CRC protection for one or both of HARQ-ACK and  values (i.e. payloads less than 12 bits) when, for example, a wrong  value can be associated with a correct HARQ-ACK value or a wrong HARQ-ACK value can be associated with a correct  value.   
c) Feasibility: For the TDD NR bands, having separate PUCCHs for HARQ-ACK and  values is not meaningful as, unlike SR or CSI, the occurrence of reports for HARQ-ACK and  values is linked and there is no reason for having separate corresponding PUCCHs in a slot and reduced coverage (in case of overlapping, a same PUCCH would be used which also makes support of separate PUCCHs unnecessary).  

Observation 5: There is no reason and there are multiple drawbacks in reporting  separately from HARQ-ACK. 

Proposal 5: Differential MCS values () for TBs are jointly coded with HARQ-ACK information for the TBs. New UE procedures for PUCCH transmission or for UCI multiplexing, or modifications to any Rel-16 UE procedure, are not defined.


It is currently not possible for a UE to indicate delta-MCS values for both priority 0 and priority 1 as only a single MCS table is supported for a DCI format that can schedule traffic with either priority 0 or 1. If the MCS table is a high spectral efficiency one, URLLC is compromised; else, eMBB is compromised. Similar to mapping the priority indicator value to one of two PUCCH-Config for HARQ-ACK reporting, the priority indicator value should be mapped to two MCS tables.

Proposal 6: Support configuration of two MCS tables for PDSCH/PUSCH and association of an MCS table with the priority indicator field value in the DCI format.


Conclusions
This contribution considered CSI feedback enhancements for Rel-17 URLLC and proposes the following.

Proposal 1: A gNB can configure the number of bits for sub-band CQI.

Proposal 2: A UE provides a differential MCS () relative to an MCS index of a received TB () so that the TB BLER for MCS with index  is smaller than or equal to the BLER of the MCS Table for the TB.

Proposal 3: A UE is provided by RRC a number of bits and a granularity for differential MCS () values.

Proposal 4: The BLER target is the BLER of the MCS table used for the PDSCH receptions.

Proposal 5: Differential MCS values () for TBs are jointly coded with HARQ-ACK information for the TBs. New UE procedures for PUCCH transmission or for UCI multiplexing, or modifications to any Rel-16 UE procedure, are not defined.

Proposal 6: Support configuration of two MCS tables for PDSCH/PUSCH and association of an MCS table with the priority indicator field value in the DCI format.


In addition, the following are observed.

Observation 1:  values can capture a large SINR/BLER range with few (2-3) bits as fine granularity/quantization is generally unnecessary. 

Observation 2: Configuration of an offset to apply to  values, or indication of a BLER target by DCI, is unnecessary.

Observation 3: The TB used for the calculation of a  should be the received TB.

Observation 4: A reported  value should have a one-to-one correspondence with a received TB. 

Observation 5: There is no reason and there are multiple drawbacks in reporting  separately from HARQ-ACK. 
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