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1. Introduction
In RAN plenary meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 had been approved [1 – 4]. In this contribution, we address some corrections to the spec on short PUCCH structure, and provide the corresponding text proposals and the remaining issues.

2. Correction to 38.213

2.1. PUCCH resource determination for CSI reporting
In RAN1 #93 meeting, it was agreed on the details of how UE determines PUCCH resource(s) for CSI reporting when UE is configured with multiple PUCCH resources for CSI reporting in a slot as follows [5].
	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 the above agreement, if a UE is configured with more than two PUCCH resources for CSI reporting that do not overlap within a slot, the UE can select maximum two non-overlapping CSI PUCCH resources with highest priority CSI reports regardless of whether multi-CSI-PUCCH-ResourceList is provided or not. However, it seems that current TS38.213 does not clearly capture the above UE behaviour especially when multi-CSI-PUCCH-ResourceList is provided to UE. In other words, even if a UE is provided with multi-CSI-PUCCH-ResourceList, the UE can select up to two non-overlapping PUCCH resources for CSI reporting when there are more than two non-overlapping PUCCH resources in a slot. Additionally, the agreements also say that when the UE selects two non-overlapping CSI PUCCH resources, at least one of them should use PUCCH format 2. Therefore, when UE selects PUCCH format 3/4 as the first resource, only PUCCH format 2 resources that do not overlap with the first resource can be considered as the second resource. This seems to another missing part in current specification. The text proposal corresponding to the above correction(s) is provided as follows:

█ Text Proposal
[…]
[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 a UE is configured with multiple PUCCH resources in a slot to transmit only semi-persistent or periodic CSI reports
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and if there are overlapping resources among the multiple PUCCH resources, the UE multiplexes CSI reports with all the multiple PUCCH resources overlapping resources in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2
-	otherwise, 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 as an additional resource for CSI reporting. If the first resource includes PUCCH format 3/4, and if there are remaining resources using PUCCH format 2 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 using PUCCH format 2, and a corresponding second resource as an additional resource for CSI reporting.
[…]

2.2. UCI multiplexing between overlapping PUCCH(s)/PUSCH(s)
In RAN1 #93 meeting, the followings were agreed for the UCI multiplexing rule on overlapping PUCCH resources in a slot [5].
	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.


Our understanding on the agreements above is that UE firstly selects the earliest PUCCH resource (e.g., resource A) which overlaps with at least one PUCCH resource in a slot and then the UE constructs a set of PUCCH resources (e.g., resource set X) each of which overlaps with the PUCCH resource A. Then, UE determines a PUCCH resource and corresponding UCI for multiplexing the PUCCH resource A and PUCCH resources in set X at once. In TS38.213, however, it seems that current pseudo-code differs from the above agreement in the method of constructing the PUCCH resource set X. For example, according to current pseudo-code, a PUCCH resource (e.g., resource B) can be included in the PUCCH resource set X once there is any PUCCH resources in the set X overlapping with the PUCCH resource B. This may allow the case where the PUCCH resource B not overlapping with the PUCCH resource A is erroneously included in the set X, which is not the valid case regarding the agreements. The text proposal corresponding to the above correction(s) is provided as follows:

█ Text Proposal
[…]


Set  to the cardinality of 


Set to be the first symbol of resource  in the slot


Set   to be the number of symbols of resource  in the slot

Set [image: ] - index of first resource in set 
Set [image: ] - counter of overlapped resources

while 
if any of resources  overlaps with resource [image: ] 




else
if [image: ]
multiplex UCI for resources [image: ] in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2 
set the index of the single resource to [image: ] 
[image: ]

  % start from the beginning after reordering unmerged resources at next step




 % function that re-orders resources in current set 
else


end if
end if
end while
 […]

As one additional clarification with UCI multiplexing, it is necessary to clarify which subcarrier spacing (SCS) is applied to the timing conditions for UCI multiplexing among overlapping PUCCH(s)/PUSCH(s) in a slot. To remind the timing conditions, first timing condition is a condition for transmitting HARQ-ACK after N1+ + d1, 1 + d1, 2 symbols from the last symbol of any corresponding PDSCH, and second timing is a condition for transmitting PUCCH or PUSCH after N2+ + d2, 1 symbols from the last symbol of any corresponding PDCCH. Considering that applied SCS(s) for those overlapping UL channel(s) may be different, one simple solution would be to use minimum SCS among the applied SCS(s) for overlapping UL channel(s). This can make the processing time of the UE more conservative. The text proposal corresponding to the above correction(s) is provided as follows:

█ Text Proposal
[…]




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 where [image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions.
For the above timing conditions,  and  are based on the minimum subcarrier spacing among those configured for the overlapping PUCCHs and PUSCHs.
[…]

2.3. PUCCH resource sets before dedicated PUCCH resource configuration
In RAN1 #93 meeting, it has been agreed how UE determines PUCCH resource before dedicated PUCCH resource configuration [5]. As described in TS38.213, RMSI provides (cell-specific) PUCCH parameters such as PUCCH format, starting symbol, number of symbols (e.g., duration), (cell-specific) PRB offset, and set of initial CS indexes. Then, explicit signalling (e.g., DCI) and implicit indication (e.g., starting CCE index) provide a PRB offset and an index within the set of initial CS indexed, UE specifically. However, for PUCCH format 1, there is a missing PUCCH parameter, i.e., an orthogonal sequence index. Therefore, it should be clarified how the UE determines the orthogonal sequence index. Regarding this, there can be two ways. One is to use a fixed orthogonal sequence index, such as orthogonal sequence index 0, and the other is to use the orthogonal sequence index associated with the selected initial CS index. From our perspective, the latter approach is preferred in terms of better orthogonality between PUCCH resources. The text proposal corresponding to the above correction(s) is provided as follows:

█ Text Proposal
[…]

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 cyclic shift indexes in the cyclic shift index set
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
-	the UE determines the index for an orthogonal sequence as 

If 

-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as [image: ]
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
-	the UE determines the index for an orthogonal sequence as (
[…]

2.4. Tie-breaking between multiple PUCCH resources for CSI reporting
In RAN1 #92 meeting, it was agreed that up to 2 multi-CSI PUCCH resources can be configured to a UE per UL BWP and the basic principle behind the PUCCH resource determination when more than one multi-CSI PUCCH resource is configured is to choose the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity. And if no such resource is configured, choose the largest multi-CSI PUCCH resource and apply dropping rules. As we understand it, there is no such restriction that the configured two multi-CSI PUCCH resources shall not have the same capacity. If configuring two multi-CSI PUCCH resources with the same capacity is allowed for some reasons, e.g., same capacity but different code rates or different PUCCH durations, the UE and gNB should have the common understanding on which multi-CSI PUCCH resource the UE is expected to transmit the CSI reports to avoid unnecessary BD trials at the gNB side. The tie-breaking rule that we see a merit is to choose the PUCCH format with the higher maximum code rate for efficiency because the smaller number of REs are occupied for the same CSI payload bits. If the configured maximum code rates of two different PUCCH formats are same, then the PUCCH resource having the PUCCH format with the shorter duration can be prioritized in favour of short latency. For applications where the low latency is of top priority, the PUCCH format with shorter duration should be prioritized over that of the higher maximum code rate. However, if the application-dependent priority control is needed, it may be more desirable that the gNB takes control of the priority e.g., by letting the UE select the PUCCH resource based on the order in the RRC configuration list.

2.5. Power offset considering multiple SR configuration
When K (> 1) SR and HARQ-ACK are multiplexed and transmitted using PUCCH format 1, the hypothesis for channel selection at the base station may be increased in proportion to the value of K, resulting in degraded performance. In order to solve the above problem, an operation of applying an additional power offset for the PUCCH transmission according to the K value may need to be considered.

3. Reference
[1] 3GPP TS38.211 V15.2.0 (2018-06): “NR; Physical channels and modulation”.
[2] 3GPP TS38.212 V15.2.0 (2018-06): “NR; Multiplexing and channel coding”.
[3] 3GPP TS38.213 V15.2.0 (2018-06): “NR; Physical layer procedures for control”.
[4] 3GPP TS38.214 V15.2.0 (2018-06): “NR; Physical layer procedures for data”.
[5] RAN1 chairman’s notes, RAN1 #93.
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