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1 Introduction
This contribution discusses some open issues regarding UCI transmission and also provides corrections to UCI feedback procedures in the current Rel-15 specification.
2 Discussion
2.1 UCI multiplexing on PUCCH 

2.1.1 HARQ-ACK/CSI PUCCH overlapping with two time division multiplexed SR PUCCHs
The case of HARQ-ACK/CSI overlapping with multiple SR configurations needs further consideration. Two agreements were made at the RAN1 #90 and #91 meeting, where at the time overlapping PUCCHs were assumed to have the same starting symbol. 
	Agreements: [RAN1 #90]

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements: [RAN1 #90bis]
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2


The SR procedure in 38.321 Sec. 5.4.4 has the following note:

NOTE:      The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.

Our interpretation is that in case of overlapping PUCCHs for different SR configurations, the MAC instructs the PHY to send at most a single positive SR. However, there is no behaviour defined for non-overlapping SR configurations as shown in Figure 1 and indeed, positive SR can be triggered for both SR1 and SR2 from MAC layer. Then two positive SRs may be required to be multiplexed in one PUCCH resource according to the Step1 rule on overlapping PUCCHs for the scenarios depicted in Figure 1.
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Figure 1: HARQ-ACK/CSI overlapping with two SR PUCCHs corresponding to different SR configurations
Therefore, if we respect the RAN1 agreement that only a single positive SR can be indicated in a PUCCH, either RAN2 needs to introduce some restriction on how SR is triggered for multiple SR configurations with non-overlapping occasions, or RAN1 needs to specify the SR selection rule to select one positive SR when both SR configurations have positive SR and the corresponding PUCCH resources overlap with the HARQ-ACK/CSI PUCCH. The following options can be considered in RAN1:

· Opt 1: leave it to UE implementation to determine which SR is transmitted. 
· Opt 2: Selection rule to pick a certain SR, such as the first SR in time or the SR with lowest SR configuration index. 

If only the first SR or the SR with lower index can be selected with Opt2, it restricts the transmission opportunity of the other SR which however cannot help gNB to reduce the blind detection of SR since gNB cannot predict the SR state regardless whether there is rule for SR selection or not. For simplicity, we prefer Opt1, i.e. to leave to UE implementation. 
Proposal 1: For HARQ-ACK/CSI overlapping with PUCCH resources corresponding to more than one positive SR, it is up to UE to select one positive SR to be multiplexed with HARQ-ACK/CSI on the HARQ-ACK/CSI PUCCH resource.
2.1.2 UCI on CSI resource
In RAN1#91, the following agreement was made for RB number determination of one PUCCH transmission. 
	Agreement in RAN#91:

· The number of PRBs used to transmit a PUCCH Format 2 or 3 or 4 is determined by the total number of UCI bits and the configured max coding rate for PUCCH Format 2 or 3 or 4, upper bounded by the configured number of PRBs.


According to this agreement, there is no restriction that such RB number determination method is only used for HARQ-ACK transmission, so we consider it should be also used for CSI transmission. However, in Subclause 9.2.5 of 38.213, there is no description for the RB number determination for CSI only transmission and CSI+SPS HARQ-ACK/SR transmission. 

Proposal 2: When UCI is transmitted on a CSI PUCCH resource, the number of RBs should be determined according to the UCI bits and the configured max coding rate.
In addition, since SPS HARQ-ACK and/or SR can be multiplexed with CSI on the CSI resource when there is collision, there may be not enough resource on CSI resource to carry the total UCI bits under the configured coding rate. In this case, CSI dropping may be considered to ensure the coding rate is not larger than the configured coding rate.

Proposal 3: When UCI is transmitted on CSI resource, CSI should be dropped according to CSI priority if there is not enough resource for carrying CSI and SPS HARQ-ACK/SR on CSI resource.
Based on the above discussion, we provide the following TP. The TP also provides a few other necessary corrections as follows:

· The higher layer parameter multi-CSI-PUCCH-ResourceList is not mandatory for CSI configuration even if there is overlapping between different CSI reports. The current specification incorrectly states that multi-CSI-PUCCH-ResourceList should be configured when there is overlapping of multiple CSI reports.

· Even if multi-CSI-PUCCH-ResourceList is configured, it will be only used when there is collision between multiple CSI reports.

· Max coding rate is configured for each PUCCH format, and there may be different PUCCH formats within J multi-CSI PUCCH resources. Hence, r should be r0,rj, rj+1.
	9.2.5.2
UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
<Unchanged text omitted>
For a transmission occasion of a single periodic/semi-persistent CSI report, a PUCCH resource is provided by higher layer parameter pucch-CSI-ResourceList. For a transmission occasion of multiple periodic/semi-persistent CSI reports, corresponding PUCCH resources can be provided by higher layer parameter multi-CSI-PUCCH-ResourceList; otherwise if higher layer parameter multi-CSI-PUCCH-ResourceList is not provided, a PUCCH resource is provided by higher layer parameter pucch-CSI-ResourceList.
<Unchanged text omitted>
If a UE has 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 there is overlapping between multiple CSI reports and if the UE is provided by higher layer parameter 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, where for PUCCH format 4 the number of REs is 
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, the UE uses PUCCH format 2 resource 
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 as described in Subclauses 9.2.3 and 9.2.5.1
-
else if 
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, the UE transmits a PUCCH conveying HARQ-ACK information, SR and periodic/semi-persistent 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 order as described in [6, TS 38.214] 

-
else, the UE transmits the HARQ-ACK information, SR, and a CSI report on a PUCCH resource indicated by pucch-CSI-ResourceList 
     -
the UE determine the minimum number 
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<Unchanged text omitted>


2.2 PUCCH selection rule within one slot 

We notice that the following case is missed for CSI PUCCH selection for CSI-only reporting in a slot. The following TP should be considered to fix this issue.
· When higher layer parameter multi-CSI-PUCCH-ResourceList is configured but there is no overlapping among PUCCH resources for single CSI report within one slot, no behavior in current spec. In this case, at most two CSI PUCCHs should be selected according to the CSI reporting priority based on the agreement.

	9.2.5
UE procedure for reporting multiple UCI types

This Subclause is applicable to the case that a PUCCH transmission is over a single slot. The case that a PUCCH transmission is with repetitions over multiple slots is described in Subclause 9.2.6.

If a UE is configured with multiple PUCCH resources in a slot to transmit only semi-persistent or periodic CSI reports

-
if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, or if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and if none of the multiple PUCCH resources overlap, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS38.214] 

-
if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 

-
If the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-
if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 

<Unchanged text omitted>


Considering that we have CSI selection rule when there are multiple CSI reports within one slot, a network may configure more than two non-overlapping PUCCHs for carrying CSI reports within one slot, and it is permitted in the current specification to configure more than one non-overlapping long PUCCH for carrying CSI reports within one slot. If such configuration is also permitted for SR, it means there can be more than two PUCCHs with positive SR in non-overlapping SR occasions associated with different SR configurations within one slot, and/or more than one long PUCCH with positive SR in non-overlapped SR occasions associated with different SR configurations within one slot, since MAC layer can trigger multiple positive SRs in non-overlapped occasions as discussed in section 2.1.1. In such case, SR selection rule should be considered to ensure at most two non-overlapping PUCCHs within one slot, and one selected PUCCH should be short PUCCH if two PUCCHs are selected. Similar reason as for multiple positive SR overlapping with HARQ-ACK/CSI, it can be up to UE implementation to select PUCCHs with positive SR. 
Proposal 4: When there are multiple non-overlapping PUCCH resources with positive SR corresponding to different SR configurations within one slot, it is up to UE to select at most two PUCCHs with positive SR, and one of the selected PUCCH should be short PUCCH if two PUCCHs are selected.
After the SR/CSI selection rule for single SR/CSI transmission and the UCI multiplexing rule based on step1 for overlapped PUCCH resources, there may still more than two non-overlapped PUCCH carrying different types of UCI within one slot and /or more than one long PUCCH within one slot. PUCCH selection rule should be introduced to ensure at most two non-overlapped PUCCH within one slot, and one of the two selected PUCCH should be short PUCCH if two PUCCHs are selected. Generally, the following rules can be considered:
· Rule 1: PUCCH is selected according to priority of UCI carried on the PUCCH
· The UCI priority can be HARQ-ACK>SR>CSI (the CSI priority will be used for different CSI reports)
· Rule 2: PUCCH is selected according to starting symbol of the PUCCH

· PUCCH with earlier starting symbol will be selected

· Rule 3: Reselect one HARQ-ACK resource with short PUCCH format if there will be more than one long PUCCH in one slot
· Cannot solve the problem for all case, such as if there are one long PUCCH for CSI and one long PUCCH for SR without overlapping.
Since rule 2 cannot ensure the important UCI transmission performance and rule3 cannot solve more than two non-overlapped PUCCH issue, we prefer to adopt rule 1.
Proposal 5: When there are multiple non-overlapped PUCCH within one slot, at most two PUCCHs will be selected according to the priority of UCI carried on the PUCCH, and one of the selected PUCCH should be short PUCCH if two PUCCHs are selected.
2.3 UL channel overlapping
2.3.1 Multi-slot PUCCH overlapping with single slot PUCCH

In RAN1#94, the following agreement was made with the following FFS.
	Agreements:

When multi-slot PUCCH with repetition overlap with multi-slot PUCCH with repetition in time within the same PUCCH group

· The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority

· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.

· For UCI with different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met. 

· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority

· In overlapping slots, the de-prioritized UCI is dropped without any postponing of the transmission

· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots

· FFS: multi-slot PUCCH with repetition overlap with single-slot PUCCH in time


Actually, we do not see a special requirement for multi-slot PUCCH overlapping with single slot PUCCH compared with multi-slot PUCCH overlapping with multi-slot PUCCH. Hence, we prefer to just reuse the rule defined for multi-slot PUCCH overlapping with multi-slot PUCCH for simplicity.

Proposal 6: Reuse the rule defined for multi-slot PUCCH overlapping with multi-slot PUCCH for multi-slot PUCCH overlapping with single slot PUCCH

2.3.2 Single PUCCH overlapping with PUSCH
We notice that there is conflicting UE behavior for multiplexing UCI on PUSCH as described in section 9 of 38.213.
· A first paragraph describes the condition for multiplexing UCI that includes HARQ-ACK on a PUSCH containing A-CSI or SP-CSI.

· The second paragraph describes how given a first set of PUSCHs scheduled by DCI and a second set of configured PUSCHs, the UE multiplexes UCI on the first set of PUSCHs, i.e. prioritize scheduled PUSCH over configured PUSCH for multiplexing UCI. It is not clear if SP-CSI is considered a scheduled PUSCH or configured PUSCH as technically only the first PUSCH corresponding to the activation PDCCH can be said to be scheduled.

· The third paragraph specifies that if a UE transmits multiple PUSCHs in a slot where none of the PUSCHs carries A-CSI, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex. The third paragraph makes a distinction for A-CSI but not SP-CSI and so describes different UE behavior compared to the first paragraph depending on whether the UE transmits multiple PUSCHs (first paragraph) or multiple PUSCHs (third paragraph).

For a consistent UE behavior we suggest that SP-CSI PUSCH is included in the set of PUSCHs that are not scheduled by DCI formats. The corresponding TP is provided below.
	9
UE procedure for reporting control information
<Unchanged text omitted>
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
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  that are not scheduled by DCI format(s) 0_0 or DCI format(s) 0_1, 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 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>


For CA case, there may be different CCs with different numerologies, and multiple PUSCHs on different CCs with different numerologies may overlap with one single slot PUCCH, as shown in Figure 2. In such case, the PUSCH with smallest SCS should be selected to carry UCI so as to ensure the UL coverage of UCI.
Proposal 7: When there are multiple PUSCHs overlapping with a single slot PUCCH, the PUSCH with smallest SCS should be selected to carry UCI.
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Figure 2: Single PUCCH overlapping with multi-slot PUSCH with different numerologies with CA
2.3.3 Timeline definition for UCI multiplexing
We have a few comments on the description of the timeline for UCI multiplexing in Sc. 9.2.5 of 38.213.

· The parameter 
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should be removed in the timeline condition for SPS PDSCH release since there is no actual PDSCH reception.

· In the third and fourth bullets of the same section, it seems there are two cases to test whether the timeline is satisfied. One case is according to the last symbol of UL grant, and the other case is according to the last symbol of any DL grant. However, it is not clear which PDCCH will be considered for the timeline check when there are both UL grant and DL grant. Actually, the last PDCCH among the UL grant and DL grant should be considered for the timeline check in such case. 
· In the third bullet, when there is no PUSCH but only PUCCH and PUCCH overlapping, 
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 are not used which should be assumed as 0; and when there is a PUSCH without UL grant, 
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 is not used which should be assumed as 0. We propose to leave to the editor how to capture clarifications that some of the parameters may be set to zero if not applicable for a certain overlapping case.

· The phrase “for PDSCH receptions” in the last bullet should be removed since
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 are not all for PDSCH receptions.
	9.2.5
UE procedure for reporting multiple UCI types

<Unchanged text omitted>
If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol 
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 of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
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 after a last symbol of any corresponding PDSCH, where 
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 after a last symbol of any corresponding SPS PDSCH release, where 
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 is described in Subclause 10.2 and 
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 corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH providing the SPS PDSCH release and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs or overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the detection of the SPS PDSCH release 
-
if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs, 
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 after a last symbol of any  PDCCH scheduling the PUSCH or PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot, where 
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-
if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs, 
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 after a last symbol of any PDCCH with the DCI format scheduling the PUSCH or PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot, where 
[image: image60.wmf]m

 corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCHs, the smallest subcarrier spacing configuration for the group of the overlapping PUCCHs and PUSCHs, and the smallest subcarrier spacing configuration of aperiodic CSI-RS associated with the DCI format scheduling the PUSCH, and 
[image: image61.wmf]2

=

d

 for 
[image: image62.wmf]1

,

0

=

m

, 
[image: image63.wmf]3

=

d

 for 
[image: image64.wmf]2

=

m

 and 
[image: image65.wmf]4

=

d

 for 
[image: image66.wmf]3

=

m


-

[image: image67.wmf]1

N

, 
[image: image68.wmf]2

N

, 
[image: image69.wmf]1

,

1

d

, 
[image: image70.wmf]1

,

2

d

, 
[image: image71.wmf]2

,

2

d

, and 
[image: image72.wmf]Z

 are defined in [6, TS 38.214], and 
[image: image73.wmf]k

 and 
[image: image74.wmf]C

T

 are defined in [4, TS 38.211]. 
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in response to a DCI format detection, the UE expects that the first symbol 
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 of the earliest PUCCH or PUSCH satisfies the first of the previous timeline conditions with the exception that components associated to a subcarrier spacing configuration for a PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions. 
<Unchanged text omitted>


2.4 Reference CRC
In RAN1#94, it was agreed to use 11 bits reference CRC for the determination of the number of PRBs in 38.213 section 9.2.5.1 and 9.2.5.2. Similar reference CRC should be also used for HARQ-ACK transmission in 38.213 section 9.2.3 since there is no restriction of HARQ-ACK bits no larger than 360 bits. 

In addition, except the RB number determination, reference CRC should be used for the following cases in 38.213 section 9.2.5.1 and 9.2.5.2 as well, since there are related total bits including CRC bits.
· CSI part1 and part2 resource segmentation
· Multi-CSI PUCCH selection
· PUCCH resource set selection
Proposal 8: 11bits reference CRC should be used for all PUCCH resource determination related procedure in 38.213 including the determination of the number of PRBs of all kind of UCI transmission, CSI part1 and part2 resource segmentation, multi-CSI PUCCH selection and PUCCH resource set selection.

2.5 Remaining issues for UCI on PUSCH

2.5.1 Special cases where UCI cannot be multiplexed on PUSCH 
It was agreed that DMRS and UL-SCH data can be FDM’ed for CP-OFDM waveform, but UCI cannot be FDM’ed with DMRS. Hence, there are some special cases that UCI cannot be transmitted. 

Special case A: When there is only one symbol used for PUSCH or there are two symbols used for PUSCH with frequency hopping, there are no resources for UCI transmission on PUSCH. Therefore, even if PUSCH and PUCCH have same starting symbol, UCI cannot be multiplexed on PUSCH.

Special case B: In case of PUSCH mapping type A and 4 symbols are allocated to PUSCH, if higher-layer parameter dmrs-TypeA-Position is 3, or higher-layer parameter dmrs-TypeA-Position is 2 and 2-symbol DM-RS is used, there are no resources for HARQ-ACK because HARQ-ACK can only be mapped after the first set of consecutive DMRS symbol(s). As shown in Figure 3, the number of symbols after the first set of consecutive OFDM symbol(s) carrying DMRS is 0, HARQ-ACK cannot be multiplexed on PUSCH in these cases.
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Figure 3 Illustration of a scenario where HARQ-ACK is not multiplexed on PUSCH
If FDM of UCI and DMRS is not considered for these special cases, which channel is dropped should be defined to avoid misalignment between gNB and UE. The following options can be considered:
· Opt 1: drop PUSCH
· Opt 2: drop PUCCH
· Opt 3: if UCI includes HARQ-ACK or SR, drop PUSCH, otherwise drop UCI
Opt 3, which considers the UCI type, may have the best performance. 
Proposal 9: In case PUCCH overlaps with 1-symbol PUSCH or 2-symbol PUSCH with frequency hopping, or PUCCH carrying HARQ-ACK overlaps with 4-symbol PUSCH with DMRS on the last symbol, drop PUSCH if PUCCH carries HARQ-ACK or SR; otherwise drop UCI. 
2.5.2 UCI resource determination for UCI on PUSCH with FH

If frequency hopping is enabled for PUSCH and UCI is multiplexed with UL-SCH, the number of UCI modulation symbols, N, is divided into two parts, where the first part has floor (N/2) symbols and the second part has ceil (N/2) symbols. The issue is there may not be enough REs for HARQ-ACK in the first hop in some cases. An example is shown in Figure 4 of a PUSCH with 4 symbols per hop, where DMRS is on the last symbol of the first hop and the first symbol of the second hop. There are no RE resources for HARQ-ACK in the first hop since it cannot be mapped to REs before the first DMRS symbol. Similarly, even if the DMRS symbol is not the last symbol of the first hop, there are cases that the first part of UCI cannot be carried on the first hop since the first hop may not contain enough RE resources for the first part of UCI.

Proposal 10: For UCI on PUSCH with frequency hopping, the upper bound of RE resources in each hop should be considered in UCI partition rule for UCI on PUSCH with UL-SCH.
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Figure 4 HARQ-ACK on 8-symbol PUSCH with frequency hopping
If frequency hopping is enabled for PUSCH and UCI is multiplexed on PUSCH without UL-SCH, CSI part 1 in the first hop uses the available RE resources in the first hop as the upper bound and the remaining CSI part 1 modulation symbols are transmitted in the second hop if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH. The issue is that the available RE resources in the second hop may be limited for CSI part 1. As shown in Figure 5, a PUSCH has 4 symbols in each hop, where DMRS is on the last symbol of the first hop and the first symbol of the second hop. HARQ-ACK occupies 26 REs in the second hop. If CSI part 1 has 32 modulation symbols to be mapped, we will get 16 modulation symbols of CSI part 1 to be mapped in each hop, but in the second hop, only 10 REs can be used for CSI part 1. To solve the issue, we can determine which hop has less remaining RE resources for UCI transmission, it means the hop could be resource-limited, and then firstly determine the resources for CSI part 1 in the hop with less remaining RE resources by using the remaining RE resources as an upper bound. Secondly determine the resources for CSI part 1 in the other hop according to the number of remaining CSI part 1 bits. 

Proposal 11: For UCI on PUSCH with frequency hopping, the RE resources in each hop should be determined based on the resource limited hop for UCI on PUSCH without UL-SCH.


[image: image78.emf]11

10

9

8

7

6

5

4

3

2

1

0

First hop

Second hop

CSI part 1 UL DMRS

……

0

1 2 3 4 5 6 7

HARQ-ACK

CSI part 2


Figure 5 HARQ-ACK on 8-symbol PUSCH with frequency hopping
	6.2.7
Data and control multiplexing
<Unchanged text omitted>
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if CSI is present for transmission on the PUSCH with UL-SCH, 
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if CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 
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3 Conclusions
This contribution addressed a number of open issues regarding UCI transmission including PUCCH determination for overlapping PUCCH and PUSCH transmissions. Corresponding text proposals are provided throughout the document which we do not repeat here but we summarize a few proposals on how to resolve the open issues with UCI feedback procedures. 
Proposal 1: For HARQ-ACK/CSI overlapping with PUCCH resources corresponding to more than one positive SR, it is up to UE to select one positive SR to be multiplexed with HARQ-ACK/CSI on the HARQ-ACK/CSI PUCCH resource.

Proposal 2: When UCI is transmitted on a CSI PUCCH resource, the number of RBs should be determined according to the UCI bits and the configured max coding rate.
Proposal 3: When UCI is transmitted on CSI resource, CSI should be dropped according to CSI priority if there is not enough resource for carrying CSI and SPS HARQ-ACK/SR on CSI resource.
Proposal 4: When there are multiple non-overlapping PUCCH resources with positive SR corresponding to different SR configurations within one slot, it is up to UE to select at most two PUCCHs with positive SR, and one of the selected PUCCH should be short PUCCH if two PUCCHs are selected.
Proposal 5: When there are multiple non-overlapped PUCCH within one slot, at most two PUCCHs will be selected according to the priority of UCI carried on the PUCCH, and one of the selected PUCCH should be short PUCCH if two PUCCHs are selected.
Proposal 6: Reuse the rule defined for multi-slot PUCCH overlapping with multi-slot PUCCH for multi-slot PUCCH overlapping with single slot PUCCH

Proposal 7: When there are multiple PUSCHs overlapping with a single slot PUCCH, the PUSCH with smallest SCS should be selected to carry UCI.
Proposal 8: 11bits reference CRC should be used for all PUCCH resource determination related procedure in 38.213 including the determination of the number of PRBs of all kind of UCI transmission, CSI part1 and part2 resource segmentation, multi-CSI PUCCH selection and PUCCH resource set selection.

Proposal 9: In case PUCCH overlaps with 1-symbol PUSCH or 2-symbol PUSCH with frequency hopping, or PUCCH carrying HARQ-ACK overlaps with 4-symbol PUSCH with DMRS on the last symbol, drop PUSCH if PUCCH carries HARQ-ACK or SR; otherwise drop UCI. 
Proposal 10: For UCI on PUSCH with frequency hopping, the upper bound of RE resources in each hop should be considered in UCI partition rule for UCI on PUSCH with UL-SCH.

Proposal 11: For UCI on PUSCH with frequency hopping, the RE resources in each hop should be determined based on the resource limited hop for UCI on PUSCH without UL-SCH.

4 References

[1]. R1-1810020, “ CR to 38.213 capturing the RAN1#94 meeting agreements”, Samsung, RAN1#94
[2]. R1-1810019, “ CR to 38.212 capturing the RAN1#94 meeting agreements” , Huawei, RAN1#94
PAGE  

_1599491659.unknown

_1599494611.unknown

_1599494914.unknown

_1599496319.vsd
Slot 4n+2
PUSCH


CC1: SCS=15kHz


CC2: SCS=60kHz


Slot n
PUCCH


Slot 4n+3
PUSCH


CC3: SCS=15kHz


Slot n
PUSCH


Slot 4n+4
PUSCH


Slot 4n+5
PUSCH



_1599664039.unknown

_1599732818.unknown

_1599568099.unknown

_1599568167.unknown

_1599569020.unknown

_1599499208.unknown

_1599563986.unknown

_1599495385.unknown

_1599495394.unknown

_1599494928.unknown

_1599494864.unknown

_1599494877.unknown

_1599494847.unknown

_1599494193.unknown

_1598951893.unknown

_1598951902.unknown

_1598951906.unknown

_1598951910.unknown

_1598951912.unknown

_1598951914.unknown

_1598951915.unknown

_1598951916.unknown

_1598951913.unknown

_1598951911.unknown

_1598951908.unknown

_1598951909.unknown

_1598951907.unknown

_1598951904.unknown

_1598951905.unknown

_1598951903.unknown

_1598951898.unknown

_1598951900.unknown

_1598951901.unknown

_1598951899.unknown

_1598951895.unknown

_1598951896.unknown

_1598951894.unknown

_1594449640.vsd
SR1 on PUCCH


SR2 on PUCCH


AN/CSI on PUCCH


SR1 on PUCCH


SR2 on PUCCH


AN/CSI on PUCCH


Case 1


Case 2



_1598951889.unknown

_1598951891.unknown

_1598951892.unknown

_1598951890.unknown

_1595431470.unknown

_1595432154.unknown

_1598951888.unknown

_1595432162.unknown

_1595431963.unknown

_1595431987.unknown

_1595431835.unknown

_1595431898.unknown

_1595429301.unknown

_1595431458.unknown

_1595425296.vsd
0


1


2


3


11


10


9


8


7


6


5


4


3


2


1


0


4


5


6


7


First hop


Second hop


CSI part 1


UL DMRS


……


HARQ-ACK


CSI part 2



_1595346416.unknown

_1595346415.unknown

_1592728013.unknown

_1592728017.unknown

_1592728022.unknown

_1592728031.unknown

_1592728035.unknown

_1594409029.unknown

_1592728037.unknown

_1592728038.unknown

_1592728036.unknown

_1592728033.unknown

_1592728034.unknown

_1592728032.unknown

_1592728024.unknown

_1592728026.unknown

_1592728023.unknown

_1592728020.unknown

_1592728021.unknown

_1592728019.unknown

_1592728015.unknown

_1592728016.unknown

_1592728014.unknown

_1592728009.unknown

_1592728011.unknown

_1592728012.unknown

_1592728010.unknown

_1590848674.vsd
0


1


2


3


11


10


9


8


7


6


5


4


3


2


1


0


4


5


6


7


First hop


Second hop


PUSCH


UL DMRS


……


HARQ-ACK



_1590848699.unknown

_1592728008.unknown

_1590848697.unknown

_1586795165.vsd
�

￼�

文本�

frequency


time


PUSCH DMRS


frequency


time


UL-SCH



