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1	Introduction
During RAN plenary #80, a new version of the release 15 NR specifications was approved. While the specs are in good shape, there are few open points and corrections. 
In this contribution, we discuss open points and corrections to the specification related to the uplink control channel design.
2	UE procedure for reporting HARQ-ACK
2.1	Clarifications to spec
In section 9.2.3 of TS 38.213 [3], clarify that for SPS PDSCH release, k, is the number of slots between PDCCH reception of an SPS PDSCH release and the slot of PUCCH transmission.
Proposal 1:
************************************* Start TS 38.213 *******************************************
[bookmark: _Ref500241945][bookmark: _Toc517265064]9.2.3	UE procedure for reporting HARQ-ACK
…


With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception in slot [image: ] or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing, or in case of SPS PDSCH release, if the PDCCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH transmission reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, or in case of SPS PDSCH release, if the PDCCH subcarrier spacing is smaller than the PUCCH subcarrier spacing,   corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
*************************** TS 38.213 – End *********************************************
3	Multi-slot transmissions on CSI 
[bookmark: _Hlk520723101]In NR the subcarrier spacing of the PUCCH channel can range from 15 KHz to 120 KHz. Higher SCS, leads to shorter symbol and slot durations, in inverse proportion, which in turn leads to lower coverage. One technique to increase coverage is to repeat the transmission over multiple slots. This method is used in LTE to extend coverage for HARQ-ACK. In NR, the CSI carries different types of information including the CSI-RS Resource indicator (CRI), that can be used by the UE to indicate to the network, the best beam to use for communicating with the UE. Losing the CSI report containing the CRI, could lead to radio link failure and dropping the call. Hence, in NR, multi-slot transmission is used for UCI transmission including HARQ-ACK and CSI. Multi-slot UCI procedure is already described in section 9.2.6 of TS 38.213 [3].
Performance of multi-slot transmission is shown in Figure 1 for PUCCH Format 3. Second retransmission gives 0.8dB gain at 1% BLER over single transmission. 4 transmissions will give an additional 0.7dB gain over 2 transmission case. This gain provides additional coverage boost into cell edge.
[image: ]
[bookmark: _Ref521654311]Figure 1: BLER for multi-slot PUCCH Format3 transmission.

Observation 1:
Multi-slot CSI transmission, with CSI reports including CRI, improves coverage.
Observation 2:
Multi-slot UCI procedure is already described in section 9.2.6 of TS 38.213 [3].
One aspect missing from the spec is how to handle overlap between a multi-slot PUCCH transmission that includes HARQ-ACK information and a multi-slot PUCCH transmission that includes CSI reports.
· If a multi-slot PUCCH transmission that includes HARQ-ACK information overlaps with a multi-slot PUCCH transmission that includes CSI reports, with both transmissions starting at the same slot and having the same number of slots, HARQ-ACK and CSI are multiplexed on the same PUCCH.
· Else, when a multi-slot PUCCH transmission that includes HARQ-ACK information overlaps with a multi- or single slot PUCCH transmission that includes CSI reports, with both transmissions either starting on a different slot, or having different number of slots, the CSI report is dropped starting from the first slot of overlap.

Proposal 2: 
· If a multi-slot PUCCH transmission that includes HARQ-ACK information overlaps with a multi-slot PUCCH transmission that includes CSI reports, with both transmissions starting at the same slot and having the same number of slots, HARQ-ACK and CSI are multiplexed on the same PUCCH.
· Else, when a multi-slot PUCCH transmission that includes HARQ-ACK information overlaps with a multi- or single slot PUCCH transmission that includes CSI reports, with both transmissions either starting on a different slot, or having different number of slots, the CSI report is dropped starting from the first slot of overlap.

4	Overlapping UL-SCH and UCI transmissions
4.1	Overlapping PUSCH channels with different starting symbols with SP-CSI on one and UL-SCH on the other
In RAN1#92-bis [1], the following agreement was reached:
Agreements:
· For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time 
· When starting symbols between the two channels are aligned, drop SP-CSI (following MIMO agreements made in last meeting)
· When starting symbols between the two channels are not aligned
· FFS
· Note: this replaces the MIMO agreements made earlier

We propose that this agreement be extended to the case the PUSCH channel carrying SP-CSI without UL-SCH and the PUSCH with UL-SCH are overlapped but with non-aligned starting symbols. Accordingly, we propose the following text proposal for section 5.2.5 of TS 38.214 [4].
Proposal 3:
*************************** TS 38.214 – Start *********************************************
[bookmark: _Toc517439496]5.2.5	Priority rules for CSI reports
…
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE. 
*************************** TS 38.214 – End *********************************************

4.2	Timeline requirement for multiplexing UCI on PUSCH with A-CSI
In RAN1#92-bis [1], the following working assumption was made:
Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· …
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI
· …



Regarding the FFS on the timeline requirement for multiplexing UCIs on PUSCH with A-CSI: The A-CSI is triggered by a DCI on a PDCCH and the timing of the PDCCH caring the DCI for the A-CSI should meet the timeline requirements defined in section 9.2.5 of TS 38.213 [3]. i.e.: “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 of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol  after a last symbol of any corresponding PDCCH”. No further spec changes are required.
[bookmark: _Hlk521663677]4.3	Multiplexing UCI on A-CSI and SP-CSI
In RAN1#NR-AH1801, the following agreement was made:Agreements:
· Regarding how to select PUSCH for piggybacking UCI 
· Follows the LTE-approach
· FFS whether or not there are any specific issues


Using the LTE approach the UE selects the PUSCH carrying the A-CSI to multiplex UCI in case the would-be UCI transmission on PUCCH overlaps with PUSCH. This is described in section 9 of TS 38.213 [3]:” If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH.”
There are some open points to consider that are not handled by the LTE design:
· The rules for multiplexing UCI on PUSCH carrying A-CSI incase multiple PUSCH (on different cells) are allowed to simultaneously transmit different A-CSI reports. We see two possible solutions;
· Limit the number of simultaneously transmitted A-CSI reports to one. This should be clarified in the specifications.
· [bookmark: _GoBack]If more than one A-CSI on PUSCH is to be transmitted simultaneously, and these PUSCH channels overlap with a UCI transmission on the PUCCH, the rule for selecting the PUSCH can be the same as that for a PUSCH carrying only UL-SCH (i.e. select the PUSCH with A-CSI on the cell with the smallest serving cell ID).
· In LTE there was no SP-CSI. The rules for multiplexing UCI on a PUSCH with SP-CSI should be clarified. It is preferable to have the same rules for A-CSI and SP-CSI.

4.4	Clarification the spec: TS 38.213 Section 9.
If a UE multiplexes aperiodic CSI in a PUSCH and a UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, according to section 9 of TS 38.213 [3], the UE multiplexes the UCI in the PUSCH.
The UCI on PUCCH can be:
· SR, in this case, there is special handling for the SR. If the PUSCH doesn’t have UL-SCH, i.e. the PUSCH only carries SP-CSI, or A-CSI, the PUSCH transmission is dropped and SR is transmitted on PUCCH. This is already described in section 9.3 of TS 38.213 [3]: “If a UE would have on a serving cell a PUSCH transmission without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH.” If the PUSCH has UL-SCH, the SR is dropped. This is implied in the following statement from TS 38.213 [3]: “If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI and the conditions in Sub-clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI in the PUSCH.”
· 
Periodic/semi-persistent CSI. In this case, the priority handling rules of the CSI reports described in section 5.2.5 of TS 38.214 [4]: “Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Sub-clause 5.2.3; for CSI reports transmitted on PUCCH, as described in Sub-clause 5.2.4): The CSI report with higher  value shall not be sent by the UE.”
· HARQ-ACK. This should be the case covered by this paragraph. 
According we propose the following Text Proposal to section 9 of TS 38.213 [3]:
Proposal 4:
[bookmark: _Hlk520659772]*************************** TS 38.213 – Start *********************************************
[bookmark: _Toc517265052]9	UE procedure for reporting control information
…
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information and/or semi-persistent/period CSI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH following the priority rules of CSI reports described in section 5.2.5 of [6, TS 38.214]. 
*************************** TS 38.213 – End *********************************************

4.5	Clarification to the spec: TS 38.213 Section 9.2.5
In section 9.2.5 of TS 38.213 [3], we would like to make the following clarifications:
· Confirm that if SR occasion overlaps CSI on PUCCH and simultaneousHARQ-ACK-CSI is not enabled, the CSI is dropped. In case of negative SR, there will be no transmission from the UE
· According to the agreement in RAN1#93 [2]:
Agreements:
· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If  a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.

According to this agreement, the condition of using the multi-CSI-PUCCH resources is that the UE is configured with overlapping PUCCH resources for CSI and it is configured with a multi-CSI-PUCCH-ResourceList. In this case all the CSI resources (overlapping or not) are multiplexed on the multi-CSI-PUCCH resource.
· PDSCH reception latency, N1, is used for processing PDSCH and SPS PDSCH, not for SPS PDSCH release.
· According to the agreement in RAN1#93 [2]:
Agreements:
· For step 1, while there are overlapping PUCCH resources in a slot,
· The UE determines the PUCCH resource (resource A) that overlaps with at least another PUCCH resource with the priority order of earliest followed by largest duration (if applicable)
· In case of multiple candidates for resource A, the UE can pick one (implementation-specific)
· The UE determines a set of PUCCH resources (resource set X) overlapping with PUCCH resource A. 
· The UE determines a PUCCH resource and corresponding UCI for multiplexing the PUCCH resource A and PUCCH resources in set X in one shot.
· The determined PUCCH resource and the corresponding UCI replace resource set X and resource A 
· For step 1, when there is no more overlapping PUCCH resources in the slot, the UE determines “the timeline requirements for overlapping UL channels”. If the requirement is met, the UE proceeds to Step 2. 
· Note: the above is per PUCCH group
· The above agreements is to replace Step 1 in the agreements under 7.1.3.2.3

When determining which resources to overlap, only resources overlapping with the earliest resource are multiplexed.
Accordingly, we propose the following updates to section 9.2.5 of TS 38.213 [3]:
Proposal 5:
*************************** TS 38.213 – Start *********************************************
[bookmark: _Toc517265066]9.2.5	UE procedure for reporting multiple UCI types
A UE multiplexes HARQ-ACK/SR and periodic/semi-persistent CSI in a same PUCCH if the UE is provided higher layer parameter simultaneousHARQ-ACK-CSI; otherwise, the UE drops the periodic/semi-persistent CSI report(s) and includes only HARQ-ACK/SR in the PUCCH. If an SR occasion overalaps periodic/semi-persistent CSI and the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSI, and in case of a negative SR, the UE does not transmit PUCCH.
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, 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 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, not overlapping with the first resource, as an additional resource for CSI reporting. If UE selects a second PUCCH resource, the format of at least one of the PUCCH resources is PUCCH format 2. 
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList, and if at least some of the PUCCH resources overlap, the UE multiplexes CSI reports with overlapping resources in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 
If a UE would transmit multiple overlapping PUCCHs without repetitions in a slot or overlapping PUCCH(s) without repetitions and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met.


If at least one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol  after a last symbol of any corresponding PDCCH
…

while 
if any of resources [image: ] Q(j-o) overlaps with resource [image: ] 




else

*************************** TS 38.213 – End *********************************************
4.6	Clarification to the spec: TS 38.213 Section 9.2.5.1
In section 9.2.5.1, we would like to make the following clarifications:
1. In case a UE would indicate a positive SR on PUCCH format 1, and is configured with an overlapping PUCCH for HARQ information, the UE uses the SR resource to transmit the HARQ-ACK information. The text, in section 9.2.5.1, is referring to section 9.2.4 in which b(0) is set to 0 for the SR resource. This reference should be removed.
2. The last paragraph of the section about the determination of number of resource blocks when SR and HARQ-ACK are multiplexed on the same PUCCH resource is moved up to be after the paragraph that talks about multiplexing of SR and HARQ-ACK for PUCCH formats 2, 3 and 4.
3. There seems to be a repetition of the paragraph on multiplexing SR and semi-persistent/period CSI. The second paragraph is removed.

Accordingly, we propose the following update to TS 38.213 [3]:
Proposal 8:
[bookmark: _Ref500749986][bookmark: _Toc517265067]*************************** TS 38.213 – Start *********************************************
9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
…
If the UE would transmit positive SR in a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH, for HARQ-ACK information bits, in the PUCCH resource using PUCCH format 1 for SR transmission as described in Subclause 9.2.4. If a UE would transmit negative SR in a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK information as described in Sub-clause 9.2.3.
If a UE would transmit HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Sub-clause 9.2.3, [image: ] bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId, are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of HARQ-ACK information bits. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs. 









If a UE transmits HARQ-ACK information bits,  SR bits, and  CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter nrofPRBs in PUCCH-format2  or nrofPRBs in PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], , and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over the  PRBs.
If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot , [image: ] bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Sub-clause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 resource for CSI reporting. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs.
If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, [image: ] bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Subclause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs.









If a UE transmits HARQ-ACK information bits,  SR bits, and  CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter nrofPRBs in PUCCH-format2  or nrofPRBs in PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], , and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over the  PRBs.
*************************** TS 38.213 – End *********************************************
4.7	Clarification to the spec: TS 38.213 Section 9.2.6
In section 9.2.6, we propose the following:
· Clarify that in case of frequency hopping, the first PRB is given by parameter by the parameter startingPRB, and second PRB is given by the parameter secondHopPRB.
· Correction to the higher layer parameter number of symbols and starting symbol.

Accordingly, we propose the following change to 38.213 [3]:
[bookmark: _Toc517265069]Proposal 7:
*************************** TS 38.213 – End *********************************************
9.2.6	UCI repetition procedure
…
-	the UE is configured by higher layer parameter interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots.
-	If the UE is configured to perform frequency hopping for PUCCH transmissions in different slots, 
-	the UE performs frequency hopping per slot;

-	the UE transmits the PUCCH starting from the first PRB in slots with even number and starting from the second PRB in slots with odd number. The first PRB is given by higher layer parameter startingPRB, the second PRB is given by higher layer parameter secondHopPRB. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in slots is counted regardless of whether or not the UE transmits the PUCCH in the slot;
-	the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.
-	If the UE is configured to perform frequency hopping for PUCCH transmissions within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot. The first PRB is given by higher layer parameter startingPRB, the second PRB is given by higher layer parameter secondHopPRB. 
…

If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, or is additionally provided higher layer parameter tdd-UL-DL-ConfigDedicated for the slot format per slot over the number of slots, as described in Sub-clause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol or flexible symbol provided by higher layer parameter startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 PUCCH-F1-F3-F4-starting-symbol as a first symbol, and
- 	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4 PUCCH-F1-F3-F4-number-of-symbols.
*************************** TS 38.213 – End *********************************************

5	PUCCH resource allocation
5.1	OCC before dedicated PUCCH resource configuration
Section 9.2.1 of TS 38.213 [3], describes the PUCCH resource sets used before dedicated PUCCH resource configuration. One point remains open, which is the time domain OCC index for PUCCH format 1 with symbol duration of 10 or 14 symbols. For PUCCH format 1 with a symbol duration of 10, the time domain OCC index can be {0, 1}. For PUCCH format 1 with a symbol duration of 14, the time domain OCC index can be {0, 1, 2}.
As the number of PUCCH resources in each of the default PUCCH resource sets (the resource sets used before dedicated PUCCH resource configuration) is 16 using Frequency Hopping direction, number of PRB offsets and number of initial cyclic shift indexes in the set of initial cyclic shifts, the time domain OCC will not provide additional resources. The time domain OCC can provide additional separation between the PUCCH resources. Separation between resources that have the same frequency hop direction and on the same PRB offset is provided by having different orthogonal cyclic shifts. Hence, we propose that the time domain OCC index for all PUCCH resources is 0.
Figure 2 shows the false alarm probability for PUCCH Format 1 with 1 bit. With two users we can see that OCC does not bring any gain when compared to case where only cyclic shifts are used. 
[image: D:\userdata\pakinnun\OneDrive - Nokia\P18H2\RAN1\August\PF1_1bit_false_alarm.png]
[bookmark: _Ref521654753]Figure 2: False alarm probability for PUCCH Format 1.
Observation 3:
Using a non-zero time-domain OCC index for PUCCH format 1 before dedicated PUCCH resource configuration doesn’t provide additional gain.
Proposal 8:
The time domain OOC index for PUCCH resources before dedicated PUCCH resource setup is 0.
5.2	Clarifications to spec
We propose the following clarifications to section 9.2.1 of TS 38.213 [3]:
1. Before dedicated PUCCH resource configuration, the PDSCH scheduling assignment to the UE uses DCI Format 1_0 (and it doesn’t use DCI Format 1_1).
2. Clarify the wording about set of initial cyclic shift indexes.
3. The PUCCH resource sets of a dedicated PUCCH resource configuration are used when transmitting HARQ-ACK in response to detecting a DCI.
4. The time domain OCC index of PUCCH format 1 (before dedicated PUCCH resource configuration) is 0.
[bookmark: _Ref498101660][bookmark: _Toc517265062]
Accordingly, we propose the following change to 38.213 [3]:
Proposal 9:
*************************** TS 38.213 – Start *********************************************
9.2.1	PUCCH Resource Sets
…
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: ],  [image: ], as
[image: ], where [image: ] is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0, as described in Sub-clause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
A PUCCH resource with PUCCH format 1 has a time domain OCC index of 0.

If 

-	the UE determines the PRB index of the PUCCH transmission in the first hop as [image: ] and the PRB index of the PUCCH transmission in the second hop as , where [image: ] is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes set
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
…. <part removed as there is no change>

If the UE transmits  UCI information bits, that include HARQ-ACK information bits in response to detecting a DCI Format 1_0 or a DCI Format 1_1, the UE determines a PUCCH resource set to be 
*************************** TS 38.213 – End *********************************************
[bookmark: _Hlk492897650]6	Conclusions
In this contribution, we discussed the remaining open issues related to the uplink physical control channel. The following observations and proposal were made:
Proposal 1:
************************************* Start TS 38.213 *******************************************
9.2.3	UE procedure for reporting HARQ-ACK
…


With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception in slot [image: ] or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing, or in case of SPS PDSCH release, if the PDCCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH transmission reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, or in case of SPS PDSCH release, if the PDCCH subcarrier spacing is smaller than the PUCCH subcarrier spacing,   corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
*************************** TS 38.213 – End *********************************************
Observation 1:
Multi-slot CSI transmission, with CSI reports including CRI, improves coverage.
Observation 2:
Multi-slot UCI procedure is already described in section 9.2.6 of TS 38.213 [3].
Proposal 2: 
· If a multi-slot PUCCH transmission that includes HARQ-ACK information overlaps with a multi-slot PUCCH transmission that includes CSI reports, with both transmissions starting at the same slot and having the same number of slots, HARQ-ACK and CSI are multiplexed on the same PUCCH.
· Else, when a multi-slot PUCCH transmission that includes HARQ-ACK information overlaps with a multi- or single slot PUCCH transmission that includes CSI reports, with both transmissions either starting on a different slot, or having different number of slots, the CSI report is dropped starting from the first slot of overlap.

Proposal 3:
*************************** TS 38.214 – Start *********************************************
5.2.5	Priority rules for CSI reports
…
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE. 
*************************** TS 38.214 – End *********************************************
Proposal 4:
*************************** TS 38.213 – Start *********************************************
9	UE procedure for reporting control information
…
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information and/or semi-persistent/period CSI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH following the priority rules of CSI reports described in section 5.2.5 of [6, TS 38.214]. 
*************************** TS 38.213 – End *********************************************
Proposal 5:
*************************** TS 38.213 – Start *********************************************
9.2.5	UE procedure for reporting multiple UCI types
A UE multiplexes HARQ-ACK/SR and periodic/semi-persistent CSI in a same PUCCH if the UE is provided higher layer parameter simultaneousHARQ-ACK-CSI; otherwise, the UE drops the periodic/semi-persistent CSI report(s) and includes only HARQ-ACK/SR in the PUCCH. If an SR occasion overalaps periodic/semi-persistent CSI and the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSI, and in case of a negative SR, the UE does not transmit PUCCH.
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, 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 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, not overlapping with the first resource, as an additional resource for CSI reporting. If UE selects a second PUCCH resource, the format of at least one of the PUCCH resources is PUCCH format 2. 
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList, and if at least some of the PUCCH resources overlap, the UE multiplexes CSI reports with overlapping resources in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 
If a UE would transmit multiple overlapping PUCCHs without repetitions in a slot or overlapping PUCCH(s) without repetitions and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met.


If at least one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol  after a last symbol of any corresponding PDCCH
…

while 
if any of resources [image: ] Q(j-o) overlaps with resource [image: ] 




else

*************************** TS 38.213 – End *********************************************

Proposal 6:
*************************** TS 38.213 – Start *********************************************
9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
…
If the UE would transmit positive SR in a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH, for HARQ-ACK information bits, in the PUCCH resource using PUCCH format 1 for SR transmission as described in Subclause 9.2.4. If a UE would transmit negative SR in a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK information as described in Sub-clause 9.2.3.
If a UE would transmit HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Sub-clause 9.2.3, [image: ] bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId, are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of HARQ-ACK information bits. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs. 









If a UE transmits HARQ-ACK information bits,  SR bits, and  CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter nrofPRBs in PUCCH-format2  or nrofPRBs in PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], , and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over the  PRBs.
If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot , [image: ] bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Sub-clause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 resource for CSI reporting. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs.
If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, [image: ] bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Subclause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs.









If a UE transmits HARQ-ACK information bits,  SR bits, and  CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter nrofPRBs in PUCCH-format2  or nrofPRBs in PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], , and  are defined in Subclause 9.2.5.2. If , the UE transmits the PUCCH over the  PRBs.
*************************** TS 38.213 – End *********************************************
Proposal 7:
*************************** TS 38.213 – End *********************************************
9.2.6	UCI repetition procedure
…
-	the UE is configured by higher layer parameter interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots.
-	If the UE is configured to perform frequency hopping for PUCCH transmissions in different slots, 
-	the UE performs frequency hopping per slot;

-	the UE transmits the PUCCH starting from the first PRB in slots with even number and starting from the second PRB in slots with odd number. The first PRB is given by higher layer parameter startingPRB, the second PRB is given by higher layer parameter secondHopPRB. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in slots is counted regardless of whether or not the UE transmits the PUCCH in the slot;
-	the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.
-	If the UE is configured to perform frequency hopping for PUCCH transmissions within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot. The first PRB is given by higher layer parameter startingPRB, the second PRB is given by higher layer parameter secondHopPRB. 
…

If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, or is additionally provided higher layer parameter tdd-UL-DL-ConfigDedicated for the slot format per slot over the number of slots, as described in Sub-clause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol or flexible symbol provided by higher layer parameter startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 PUCCH-F1-F3-F4-starting-symbol as a first symbol, and
- 	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4 PUCCH-F1-F3-F4-number-of-symbols.
*************************** TS 38.213 – End *********************************************
Observation 3:
Using a non-zero time-domain OCC index for PUCCH format 1 before dedicated PUCCH resource configuration doesn’t provide additional gain.
Proposal 8:
The time domain OOC index for PUCCH resources before dedicated PUCCH resource setup is 0.

Proposal 9:
*************************** TS 38.213 – Start *********************************************
9.2.1	PUCCH Resource Sets
…
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: ],  [image: ], as
[image: ], where [image: ] is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0, as described in Sub-clause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
A PUCCH resource with PUCCH format 1 has a time domain OCC index of 0.

If 

-	the UE determines the PRB index of the PUCCH transmission in the first hop as [image: ] and the PRB index of the PUCCH transmission in the second hop as , where [image: ] is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes set
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
…. <part removed as there is no change>

If the UE transmits  UCI information bits, that include HARQ-ACK information bits in response to detecting a DCI Format 1_0 or a DCI Format 1_1, the UE determines a PUCCH resource set to be 
*************************** TS 38.213 – End *********************************************

References 
[1] [bookmark: _Ref520656158]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #92bis, 3GPP
[2] [bookmark: _Ref520466821]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #93, 3GPP
[3] [bookmark: _Ref520365499][bookmark: _Ref521577594]TS 38.213 “Physical layer procedures for control”, V15.2.0, June 2018
[4] [bookmark: _Ref520656405][bookmark: _Ref521576670]TS 38.214 “Physical layer procedures for data”, V15.2.0, June 2018

oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

oleObject53.bin

oleObject54.bin

oleObject55.bin

oleObject56.bin

oleObject57.bin

oleObject58.bin

oleObject59.bin

oleObject60.bin

oleObject61.bin

oleObject62.bin

oleObject63.bin

image1.wmf
n


image2.wmf
k

n

+


image3.wmf
k


image4.wmf
0

=

k


oleObject1.bin

oleObject2.bin

image5.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

PUCCH Format3, 16bit, 1x2 TDLC 363ns BW(20MHz) SCS(15kHz), FH

single transmission

2 transmissions

4 transmissions


image6.wmf
2

1

1

1

1

,

,

d

d

N

+

+

+


oleObject3.bin

image7.wmf
1

2

2

,

d

N

+

+


oleObject4.bin

image8.wmf
(

)

s

c

k

y

iCSI

,

,

,

Pri


oleObject5.bin

oleObject6.bin

oleObject7.bin

image9.wmf
(

)

1

-

<

Q

j

C


oleObject8.bin

image10.wmf
{

}

)

(

),...,

1

(

),

(

j

Q

o

j

Q

o

j

Q

+

-

-


image11.wmf
)

1

(

+

j

Q


image12.wmf
1

+

=

o

o


oleObject9.bin

image13.wmf
1

+

=

j

j


oleObject10.bin

image14.wmf
(

)

é

ù

1

log

2

+

K


image15.wmf
(

)

é

ù

1

log

2

+

K


image16.wmf
K


image17.wmf
ACK

O


oleObject11.bin

image18.wmf
(

)

é

ù

1

log

2

SR

+

=

K

O


oleObject12.bin

image19.wmf
CRC

O


oleObject13.bin

image20.wmf
PUCCH

RB

M


oleObject14.bin

image21.wmf
PUCCH

min

RB,

M


oleObject15.bin

image22.wmf
(

)

r

Q

N

N

M

O

O

O

m

×

×

×

×

£

+

+

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

min

RB,

CRC

SR

ACK


image23.wmf
1

PUCCH

RB

>

M


image24.wmf
(

)

(

)

r

Q

N

N

M

O

O

O

m

×

×

×

×

-

>

+

+

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

min

RB,

CRC

SR

ACK

1


image25.wmf
RB

ctrl

sc,

N


image26.wmf
PUCCH

UCI

-

symb

N


image27.wmf
m

Q


oleObject16.bin

image28.wmf
r


oleObject17.bin

image29.wmf
(

)

(

)

r

Q

N

N

M

O

O

O

m

×

×

×

×

-

>

+

+

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

RB

CRC

SR

ACK

1


oleObject18.bin

image30.wmf
PUCCH

RB

M


oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

image31.wmf
repeat

PUCCH

N


oleObject29.bin

image32.wmf
repeat

PUCCH

N


oleObject30.bin

image33.png
TDL C 363ns, with 1% misdetection, 2 users

10° T T
—O— 10symbol, without OCC
*=3¢-= 10symbol, with OCC
" — —O— 14symbol, without OCC
S~ -, *=3¢=* 14symbol, with OCC
\&'\. S
= I
= ., ",
< e o
32 -
i}
=107
8
2
2
o
B,
"~
102 . . . .
-10 -9 -8 -7 6 5 -4 -3 -2 -1

SNR [dB]




image34.wmf
PUCCH

r


image35.wmf
15

0

PUCCH

£

£

r


image36.wmf
PRI

0

,

CCE

0

CCE,

PUCCH

2

2

D

×

+

ú

ú

û

ú

ê

ê

ë

ê

×

=

N

n

r


image37.wmf
0

,

CCE

N


image38.wmf
0

CCE,

n


image39.wmf
PRI

D


image40.wmf
ë

û

0

8

PUCCH

=

r


oleObject31.bin

image41.wmf
ë

û

CS

PUCCH

offset

BWP

N

r

RB

+


image42.wmf
ë

û

CS

PUCCH

offset

BWP

size

BWP

1

N

r

RB

N

-

-

-


oleObject32.bin

image43.wmf
CS

N


image44.wmf
CS

PUCCH

mod

N

r


image45.wmf
UCI

N


oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

