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1 Introduction
This contribution discusses some identified issues regarding UCI feedback procedures for the Rel-15 specification. We propose to discuss and if agreeable corresponding CRs can be provided.
2 Discussion
2.1 UCI multiplexing
2.1.1 Overlapping of SR and PUSCH without UL-SCH

The agreements for the overlapping of SR and PUSCH without UL-SCH were made at the RAN1 #92bis as follows. 
	Agreements: [RAN1 #92bis]

· For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with SR/HARQ-ACK with the same starting symbol within the same CC, adopt the proposals in the table below 

SP-CSI on PUSCH without UL-SCH

A-CSI-only on PUSCH without UL-SCH

HARQ-ACK

SR

Proposal

*

*
Drop A-CSI-only on PUSCH, transmit SR on PUCCH. (follow LTE approach)

*

*

*

Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK on PUCCH. (follow LTE approach) 

*

*

Drop SP-CSI on PUSCH, transmit SR on PUCCH (follow LTE approach)

*

*

*

Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR on PUCCH (follow LTE approach)

· The symbol “*” in SR means when SR is positive

· FFS when the starting symbols among UL transmissions are different in the above scenarios.


Based on this agreement, the UE behavior is only specified for SR and PUSCH without UL-SCH on the same CC. However, SR and PUSCH without UL-SCH can be transmitted on different CCs, and UE behavior for such case is not captured in the specification. We propose to simply apply the same rule for overlapping of SR and PUSCH without UL-SCH on the same CC and different CCs.

Proposal 1: If a PUCCH carrying SR on one CC overlaps with a PUSCH without UL-SCH on a different CC,  the PUSCH without UL-SCH is dropped. An example TP is as follows:
	TP for Sec 9 of 38.213

------------------- unchanged text omitted ----------------------------
If a UE would transmit a PUSCH without UL-SCH that overlaps with a PUCCH transmission that includes positive SR information, the UE does not transmit the PUSCH. 
------------------- unchanged text omitted ----------------------------


2.1.2 Clarification of PUSCH selection for overlapping of PUCCH and PUSCH
If a UE transmits multiple PUSCHs on different serving cells and the UE would transmit UCI in a PUCCH overlapping with the PUSCHs, Sec 9 of TS 38.213, describes the procedure of selecting one of these PUSCHs for multuplexing UCI. However, the description of “multiple PUSCHs in a slot ” is not clear as to whether the slot refers to the PUCCH cell or the PUSCH cell. A distinction may need to be made for the case where PUCCH and PUSCH are transmitted on different serving cells with different numerologies, and resulting in different slot durations. 
An example is shown in Figure 1, where CC1 is the PUCCH cell and is configured with SCS = 15 KHz, while CC2 is configured with SCS = 30 KHz and two PUSCHs in consecutive slots overlap with the PUCCH in CC1. 
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Figure 1 Two PUSCHs in consecutive slots overlap with one PUCCH
There are two possible clarifications that could be made to remove the ambiguity:
· Option 1: remove the phrase ”in a slot” and “in the slot”. This makes the behavior independent of the respective PUCCH and PUSCH numerologies but doesn’t change the behavior since it is still clear from the text that the UE would multiplex UCI on a PUSCH.  A TP capturing this option is as follows:
	TP for Sec 9 of 38.213

------------------- unchanged text omitted ----------------------------
If a UE transmits multiple PUSCHs on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 

If a UE transmits multiple PUSCHs on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits. 
------------------- unchanged text omitted ----------------------------


· Option 2: clarify that the description of PUSCH transmission in a slot is with reference to the slot timing of the PUCCH cell. An example TP is shown below
	TP for Sec 9 of 38.213

------------------- unchanged text omitted ----------------------------
With reference to slots for PUCCH transmissions, if a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 

With reference to slots for PUCCH transmissions, if a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 
------------------- unchanged text omitted ----------------------------


Our preference would be the second option.
Proposal 2: For the PUSCH selection procedure in Sec 9 of 38.213 for multiplexing UCI when there are multiple PUSCHs overlapping with one PUCCH, clarify that the description of PUSCH transmissions in a slot is with reference to the slot timing of the PUCCH cell.

2.1.3 Overlapping of PUCCH with CSI and multi-slot PUSCH
In TS 38.213, there is no description of how to deal with the overlapping of PUCCH with CSI and multi-slot PUSCH. We think the same rule as for PUCCH with HARQ-ACK can be reused. That is, CSI can be transmitted on any PUSCH repetition that overlaps with a PUCCH carrying CSI.
Proposal 3: For the overlapping of PUCCH with CSI and multi-slot PUSCH, reuse the same multiplexing rule as for the overlapping of PUCCH with HARQ-ACK and multi-slot PUSCH. An example TP is as follows:
	TP for Sec 9 of 38.213

------------------- unchanged text omitted ----------------------------

If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK/CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for multiplexing the HARQ-ACK/CSI information, the UE multiplexes the HARQ-ACK/CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK/CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK/CSI information in the slot in case the PUSCH transmission was absent.
------------------- unchanged text omitted ----------------------------


2.1.4 Reference CRC
In Sec 9.2 of 38.213 a reference CRC of 11 bits is assumed for determining the number of PRBs in subclauses 9.2.3, 9.2.5.1 and 9.2.5.2. An interpretaion therefore is that this reference CRC only applies to PRB determination and does not apply to other procedures  such as CSI dropping and CSI resource selection from J multi-CSI resources when J resources have the same number of RBs in Sec 9.2.5.2 of 38.213 as shown by the highlighted text below.  
	9.2.5.2
UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

------------------- omitted ----------------------------
If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH

-
if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with 
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 PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order 
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, the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource 
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else the UE uses the PUCCH format 2 resource 
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 CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 

-
else, the UE transmits the 
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 bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Subclause 9.2.5 

If a UE has HARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 

-
the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-
the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for 
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[image: image22.wmf]PUCCH

min

RB,

M

 of the 
[image: image23.wmf]PUCCH

RB

M

 PRBs satisfying 
[image: image24.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

min

RB,

part1

-

CSI

CRC,

part1

-

CSI

SR

ACK

 as described in Subclauses 9.2.3 and 9.2.5.1;

-
else, the UE selects 
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 CSI reports, for transmission together with HARQ-ACK and SR in ascending priority value [6, TS 38.214], where  the value of 
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If a UE has HARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 

-
the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-
the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for 
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else, 
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if for 
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the UE selects the first 
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 Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214], for transmission together with the HARQ-ACK, SR and 
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-
else, the UE drops all Part 2 CSI reports and selects 
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For the highlighted parts a reference number of CRC bits should be used as well when the number of respective UCI bits is larger than or equal to 360 and the UE determines one CSI resource from J multi-CSI PUCCH resources or determines the remaining CSI reports according to the capacity of a determined PUCCH resource. Otherwise, there may be ambiguity between UE and gNB of the CSI resource and the CSI reports on the determined PUCCH resource. 
Proposal 4: In addition to determining the number of PRBs the reference number of CRC bits should also be used for determining a CSI resource when a UE is configured with multi-CSI resources and for the CSI dropping procedure in Subclause 9.2.5.2 if the number of respective UCI bits is larger than or equal to 360 . An example TP is as follows:
	TP for Sec 9 of 38.213

------------------- unchanged text omitted ----------------------------
For the 
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 is the number of CRC bits calculated based on the number of respective UCI bits as described in [5, TS 38.212].
------------------ unchanged text omitted ----------------------------


2.2 On PUCCH spatial setting determination
As described in TS38.213 Sec 9.2.1, if a UE has not been provided a dedicated PUCCH resource configuration the UE transmits the PUCCH using same spatial domain transmission filter as for a PUSCH scheduled by RAR UL grant. When a UE is configured with dedicated PUCCH resource configuration Sec 9.2.2 states that the UE is provided with one or more values of PUCCH-SpatialRelationInfo. However, the UE is not necessarily provided with PUCCH-SpatialRelationInfo (contained in spatialRelationInfoToAddModList) in the PUCCH-Config of an UL BWP as this may only be strictly necessary for FR2. Therefore, we propose that if one or more values of PUCCH-SpatialRelationInfo are not provided in PUCCH-Config the same procedure as for PUCCH transmission using a PUCCH resource from pucch-ResourceCommon is adopted. 
Proposal 5: If a UE is provided pucch-Config for an UL BWP but spatialRelationInfoToAddModList is not provided in the pucch-Config, the UE transmits a PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by the most recent RAR UL grant.  An example TP is shown below.
In addition we make some corrections to the existing text to (1) align terminology with 38.331 and (2) correctly state that in the case of MAC CE activation the corresponding PDSCH doesn’t provide the PUCCH-SpatialRelationInfo but rather indicates a PUCCH-SpatialRelationInfo.
	TP for Sec 9.2.2 of 38.213

------------------- unchanged text omitted ----------------------------
If a UE has a dedicated PUCCH resource configuration but the UE is not provided spatialRelationInfoToAddModList the UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by the most recent RAR UL grant as described in Subclause 8.3. 

A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a single value of PUCCH-SpatialRelationInfo; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321]. The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH 3 msec after the slot where the UE transmits HARQ-ACK information with ACK value corresponding to a PDSCH reception indicating the PUCCH-SpatialRelationInfo
-
If PUCCH-SpatialRelationInfo provides ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId 

-
else if PUCCH-SpatialRelationInfo provides csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId
-
else PUCCH-SpatialRelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter as for a transmission of a SRS with resource index provided by resource for a same serving cell and/or active UL BWP or, if servingCellId and/or uplinkBWP are provided, for a serving cell indicated by servingCellId and/or for an UL BWP indicated by uplinkBWP
------------------- unchanged text omitted ----------------------------




2.3 HARQ-ACK codebook

The reference HARQ-ACK timing in current TS38.213 is defined as “
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 corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release”. 

One issue of such k=0 definition is the overlapping with PUCCH is based on the PDSCH itself but not on the slot containing the PDSCH. This will cause different reference k=0 slots for PDSCHs with different time domain resource allocations in the same DL slot. Consequently, different K1 values are required for different PDSCHs in the same DL slot to have HARQ-ACK feedback in the same UL slot. The result is that the semi-static codebook determination may not be aligned with DL scheduling for the case of different numerologies.
Taking an example as shown in Figure 2, aassuming K1 set = {1, 2}. For PUCCH in slot 2n+3, only K1=2 can go through the pseudo-code to determine the 
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 set associated with PUCCH in slot 2n+3 based on the highlighted condition in the following pseudo-code. However, for the first PDSCH in DL slot n with ending symbol before the end of UL slot 2n, although it is included in the 
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 set associated with PUCCH slot 2n+3, it cannot have HARQ-ACK feedback in PUCCH slot 2n+3 since the reference PUCCH slot for k=0 is slot 2n. For the first PDSCH in slot n+1, it can have HARQ-ACK feedback in PUCCH slot 2n+3 given K1=1 since the reference PUCCH slot for k=0 is slot 2n+2, while such PDSCH candidate is not included in the 
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Figure 2 unaligned HARQ-ACK timing and M set determination
	For the set of slot timing values 
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 occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a SPS PDSCH release is same as for a corresponding SPS PDSCH reception.
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  starts at a same time as or after a slot for an active DL BWP change on serving cell 
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continue;

else 

while 
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the UE is provided TDD-UL-DL-ConfigurationCommon  or TDD-UL-DL-ConfigDedicated and, for each slot from slot 
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if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and 
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The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
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To not affect the semi-static codebook determination for the case of different numerologies, the PUCCH slot for 
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 should be defined based on the slot of PDSCH/SPS PDSCH release transmission but not the PDSCH or SPS PDSCH release transmissions themselves. 

Another issue is that always defining the last overlapping PUCCH slot as k=0 will also introduce misalignment  of DL scheduling and semi-static codebook determination when extended CP is used for PUCCH. As shown in Figure 3, assuming K1 set ={1,2}, the 
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 set associated with PUCCH slot n+3 is determined as slot n+1 and slot n+2. For PDSCH in DL slot n, it can have HARQ-ACK feedback in PUCCH slot n+3 given K1=2 since the reference PUCCH slot for k=0 is slot n+1, while such PDSCH candidate is not included in the 
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 set associated with PUCCH slot n+3. For PDSCH in DL slot n+2, although it is included in the 
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 set associated with PUCCH slot n+3, it cannot have HARQ-ACK feedback in PUCCH slot n+3 since the reference PUCCH slot for k=0 is slot n+3. 
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Figure 3 unaligned slot boundary when extended CP is used
It is better to change the reference k=0 definition than to change the pseudo-code of semi-static codebook determination. One simple way is to define 
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 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release. Another way is to just change the k=0 definition for the special cases with the issues, such as define 
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 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release when extended CP (60kHz) is used for PUCCH and 60kHz or 120kHz is used for PDSCH transmission with normal CP, since only for such case, the collision of current k=0 definition and semi-static codebook exists.

Based on the above analysis, there are two problems of current reference HARQ-ACK timing definition which make it not aligned with semi-static codebook determination. We propose the following solutions to solve the problems.

Proposal 6: The following solutions should be considered to align the reference HARQ-ACK timing definition and semi-static codebook determination:

Solution1: k = 0 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release;
Solution2: k = 0 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release when extended CP is used for PUCCH and normal CP with 60kHz or 120kHz is used for PDSCH or SPS PDSCH release reception, otherwise, k = 0 corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release.

3 Conclusions
This contribution addressed a number of identified issues regarding UCI feedback procedure in the Rel-15 specification. A number of corresponding text proposals are provided throughout the document for consideration. 
Proposal 1: If a PUCCH carrying SR on one CC overlaps with a PUSCH without UL-SCH on a different CC,  the PUSCH without UL-SCH is dropped. 

Proposal 2: For the PUSCH selection procedure in Sec 9 of 38.213 for multiplexing UCI when there are multiple PUSCHs overlapping with one PUCCH, clarify that the description of PUSCH transmissions in a slot is with reference to the slot timing of the PUCCH cell.

Proposal 3: For the overlapping of PUCCH with CSI and multi-slot PUSCH, reuse the same multiplexing rule as for the overlapping of PUCCH with HARQ-ACK and multi-slot PUSCH. 
Proposal 4: In addition to determining the number of PRBs the reference number of CRC bits should also be used for determining a CSI resource when a UE is configured with multi-CSI resources and for the CSI dropping procedure in Subclause 9.2.5.2 if the number of respective UCI bits is larger than or equal to 360 . 

Proposal 5: If a UE is not provided a PUCCH-SpatialRelationInfo in PUCCH-Config the UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by the most recent RAR UL grant.  
Proposal 6: The following ways should be considered to align the reference HARQ-ACK timing definition and semi-static codebook determination:

· Solution1: k = 0 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release;
· Solution2: k = 0 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release when extended CP is used for PUCCH and normal CP with 60kHz or 120kHz is used for PDSCH or SPS PDSCH release reception, otherwise, k = 0 corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release.
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