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1 Introduction
 In this contribution, the remaining issues on PUCCH such as PUCCH resource selection without dedicated PUCCH resource configuration, intra-UE UL multiplexing considering URLLC data in PUSCH and UE behavior on multi-slot PUCCH transmission considering implicit DL/UL switching gap after DL transmission are discussed. 
2 Issues on PUCCH Resource Selection Without Dedicated PUCCH Resource Configuration
[bookmark: _Hlk525897262]Issue#0: Whether or not to allow detecting DCI format 1_1 without dedicated PUCCH resource 
	TS38.213 Section 9.2.1
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: ] PRBs provided by SystemInformationBlockType1. The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset [image: ], and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 
The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 


[bookmark: _Hlk525897404]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 , where  is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 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. 



[bookmark: _Hlk525895511][bookmark: _Hlk525895517][bookmark: _Hlk525898368]In the last RAN1#94 meeting, it was discussed whether or not to allow detecting DCI format 1_1 in case that a UE does not have dedicated PUCCH resource configuration. The approved TS38.213 v15.3.0 [1] as shown above clearly supports to detect DCI format 1_1 without dedicated PUCCH resource configuration. There are several reasons to support DCI format 1_1 without dedicated PUCCH resource configuration. First, some of UEs do not require a complicated PUCCH resource configuration depending on service types. For example, MTC type of UEs would not require multi-bit HARQ-ACK transmission and thus they can be operated with the PUCCH resource set provided by SIB1. Second, NR already supports to use PDSCH/PUSCH time resource allocation table provided by SIB1 in case dedicated PDSCH/PUSCH time resource table is not configured. To support a same level of functionalities, it would be better to support the same mechanism for PUCCH transmission. Third, according to the current RRC parameter formats0-1-And-1-1 in SearchSpace IE, if a UE is configured to monitor DCI format 0_1, then the UE is also configured to monitor DCI format 1_1. In other words, if dedicated PUCCH resource is not configured, then the UE is not scheduled to transmit PUSCH by DCI format 0_1. It results in an undesired limitation. Fourth, it is up to a network decision. If the network would not use DCI format 1_1 to schedule PDSCH transmission, then the network does not use to transmit DCI format 1_1. Based on the reasons above, we propose:
· Proposal 1: We propose to allow detecting DCI format 1_1 without dedicated PUCCH resource configuration in NR Rel-15.
· No specification change is required.

Issue #1: Limited PUCCH multiplexing capacity
In the last RAN1#93 meeting, RAN1 reached to agreement to use the first CCE index to determine PUCCH resource prior to RRC connection. Based on the agreement, TS38.213 [1] defines an index rPUCCH as follows:
	TS38.213 Section 9.2.1
The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 


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 , where  is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 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 UE can send HARQ-ACK information using one of 16 PUCCH resources prior to RRC connection. The one PUCCH resource to carry HARQ-ACK response is selected according to the value of rPUCCH. To determine the value of rPUCCH, the 3-bit explicit indication, namely the PUCCH resource indication (PRI), is contained in a DCI scheduling a PDSCH and the remaining 1-bit implicit indication can be derived from the first index of CCEs mapped to the PDCCH reception. This allows the NR system to multiplex up to 16 UEs in a slot during a random access procedure. Since, using1-bit implicit indication, the PUCCH multiplexing capacity cannot be reduced by half, the 1-bit implicit indication shall provide enough flexibility to select a PUCCH resource among all 16 PUCCH resources. 
[bookmark: OLE_LINK423]Consider when a UE monitors two PDCCH candidates of aggregation level L. To choose each PUCCH resource from 16 PUCCH resources, the first PDCCH candidate should be mapped to the first value (i.e., 0) and the second PDCCH candidate to the second value (i.e., 1). If not, half of PUCCH resources would not be used. The implicit method applied in NR systems is to check if the first CCE index of a PDCCH candidate exceeds half of the CORESET. If the first CCE index is in the first half of the CORESET, then the 1-bit implicit indication provides a value of 0. Otherwise, the 1-bit information provides a value of 1. The 1-bit implicit indication is expressed mathematically as follows: 
X = floor(2*nCCE/NCCE), 
[bookmark: _Hlk521755754]where nCCE is the first CCE index on which the PDCCH was received and NCCE is the number of CCEs included in the CORESET. When L=8 and NCCE=24 as an example, however, the PDCCH-to-CCE mapping does not fully distribute two PDCCH candidates over the CORESET as shown in Figure. 1. 

[image: ]
Figure 1. PDCCH-to-CCE mapping example

[bookmark: OLE_LINK430][bookmark: OLE_LINK431]From the NR hashing function defined in [1], the first CCE index is nCCE=0 for the first PDCCH candidate and nCCE = 8 for the second PDCCH candidate. The second PDCCH candidate does not exceed half of the CORESET, so only X=0 is available regardless of which PDCCH candidate the UE have received. In this example, the PUCCH multiplexing capacity would be halved.
[bookmark: OLE_LINK435][bookmark: OLE_LINK421][bookmark: OLE_LINK422]PUCCH multiplexing capacity is shown in Table 2-1 as a function of the number of CCEs in the CORESET. From Table 2-1, if the number of CCEs is a multiple of 2*L=16, then two different PDCCH candidates indicate two different values (i.e., X=0 or X=1), respectively. However, if the number of CCEs is not a multiple of 2*L=16, then two PDCCH candidates indicate only one value (X=0). 
[bookmark: OLE_LINK442][bookmark: OLE_LINK443]Table 2-1. Two PDCCH candidates of aggregation level 8
	Aggregation Level
	8

	[bookmark: _Hlk521690011]# of CCEs
	first CCE index of the 1st PDCCH candidate
	X value of the 1st PDCCH candidate
	first CCE index of the 2nd PDCCH candidate
	X value of the 2nd PDCCH candidate
	PUCCH multiplexing capacity

	16
	0
	0
	8
	1
	2

	17
	0
	0
	8
	0
	1

	18
	0
	0
	8
	0
	1

	19
	0
	0
	8
	0
	1

	20
	0
	0
	8
	0
	1

	21
	0
	0
	8
	0
	1

	22
	0
	0
	8
	0
	1

	23
	0
	0
	8
	0
	1

	24
	0
	0
	8
	0
	1

	25
	0
	0
	8
	0
	1

	26
	0
	0
	8
	0
	1

	27
	0
	0
	8
	0
	1

	28
	0
	0
	8
	0
	1

	29
	0
	0
	8
	0
	1

	30
	0
	0
	8
	0
	1

	31
	0
	0
	8
	0
	1

	32
	0
	0
	16
	1
	2

	33
	0
	0
	16
	0
	1

	34
	0
	0
	16
	0
	1

	35
	0
	0
	16
	0
	1

	36
	0
	0
	16
	0
	1

	37
	0
	0
	16
	0
	1

	38
	0
	0
	16
	0
	1

	39
	0
	0
	16
	0
	1

	40
	0
	0
	16
	0
	1

	41
	0
	0
	16
	0
	1

	42
	0
	0
	16
	0
	1

	43
	0
	0
	16
	0
	1

	44
	0
	0
	16
	0
	1

	45
	0
	0
	16
	0
	1



· [bookmark: OLE_LINK433][bookmark: OLE_LINK434][bookmark: OLE_LINK432]Observation 1: If the NCCE is not a multiple of 2* L, before the RRC connection, a half of all PUCCH resources (up to 8) are used, even if the UE monitors two PDCCH candidates of the aggregation level L.
[bookmark: OLE_LINK444][bookmark: OLE_LINK445]Now, consider the case in which three PDCCH candidates of aggregation level 8 are monitored. Similarly, as in Table 2-1, the PUCCH multiplexing capacity is shown in Table 2-2 as a function of the number of CCEs in the CORESET. In Table 2-2, even if there are three PDCCH candidates, only one value of X is indicated to the UE in case of NCCE=33,34, or 35. Consequently, the CCE indication rule in [1] provides a very limited flexibility to select each of PUCCH resources from 16 PUCCH resources.
Table 2-2. Three PDCCH candidates of aggregation level 8
	Aggregation Level
	8

	[bookmark: _Hlk521690018]# of CCEs
	first CCE index of the 1st PDCCH candidate
	X value of the 1st PDCCH candidate
	first CCE index of the 2nd PDCCH candidate
	X value of the 2nd PDCCH candidate
	first CCE index of the 3rd PDCCH candidate
	X value of the 3rd PDCCH candidate
	Multiplexing capacity

	24
	0
	0
	8
	0
	16
	1
	2

	25
	0
	0
	8
	0
	16
	1
	2

	26
	0
	0
	8
	0
	16
	1
	2

	27
	0
	0
	8
	0
	16
	1
	2

	28
	0
	0
	8
	0
	16
	1
	2

	29
	0
	0
	8
	0
	16
	1
	2

	30
	0
	0
	8
	0
	16
	1
	2

	31
	0
	0
	8
	0
	16
	1
	2

	32
	0
	0
	8
	0
	16
	1
	2

	33
	0
	0
	8
	0
	16
	0
	1

	34
	0
	0
	8
	0
	16
	0
	1

	35
	0
	0
	8
	0
	16
	0
	1

	36
	0
	0
	8
	0
	24
	1
	2

	37
	0
	0
	8
	0
	24
	1
	2

	38
	0
	0
	8
	0
	24
	1
	2

	39
	0
	0
	8
	0
	24
	1
	2

	40
	0
	0
	8
	0
	24
	1
	2

	41
	0
	0
	8
	0
	24
	1
	2

	42
	0
	0
	8
	0
	24
	1
	2

	43
	0
	0
	8
	0
	24
	1
	2

	44
	0
	0
	8
	0
	24
	1
	2

	45
	0
	0
	8
	0
	24
	1
	2



· Observation 2: In some cases, before the RRC connection, a half of PUCCH resources can be used, even if the UE monitors three PDCCH candidates of the aggregation level L.
Two approaches are available to address this low flexibility in selecting PUCCH resources. The first approach is to change the NR hashing function in [1]. Unfortunately, in order to properly alter the NR hashing function accordingly, intensive study is needed to verify low PDCCH blocking probability, interference randomization from neighboring cells. This should be avoided in this later stage of NR standardization. The second approach is to revisit the CCE indication rule in [1]. It is recommended to modify the CCE indication rule as simply as possible to minimize spec work. Note that according to the NR hashing function, the first CCE candidathe will start at CCE0. Therefore, the reference CCE of the second PDCCH candidate should be located at the second half of the CORESET. For this purpose, the first CCE index can be changed to the last CCE index. This means that the 1-bit implicit indication is changed as follows:
X = floor(2*(nCCE+L-1)/NCCE),
where L is aggregation level of the received PDCCH. Table 3 shows that the PUCCH multiplexing capacity when the last CCE index is used in the CCE indication rule. Except in the case of NCCE=31, the CCE indication rule with the last CCE index can achieve the desired PUCCH multiplexing capacity by indicating two values of X.  
Table 3. Two PDCCH candidates of aggregation level 8 (last CCE index)
	Aggregation Level
	8

	# of CCEs
	last CCE index of the 1st PDCCH candidate
	X value of the 1st PDCCH candidate
	last CCE index of the 2nd PDCCH candidate
	X value of the 2nd PDCCH candidate
	Multiplexing capacity

	16
	7
	0
	15
	1
	2

	17
	7
	0
	15
	1
	2

	18
	7
	0
	15
	1
	2

	19
	7
	0
	15
	1
	2

	20
	7
	0
	15
	1
	2

	21
	7
	0
	15
	1
	2

	22
	7
	0
	15
	1
	2

	23
	7
	0
	15
	1
	2

	24
	7
	0
	15
	1
	2

	25
	7
	0
	15
	1
	2

	26
	7
	0
	15
	1
	2

	27
	7
	0
	15
	1
	2

	28
	7
	0
	15
	1
	2

	29
	7
	0
	15
	1
	2

	30
	7
	0
	15
	1
	2

	31
	7
	0
	15
	0
	1

	32
	7
	0
	23
	1
	2

	33
	7
	0
	23
	1
	2

	34
	7
	0
	23
	1
	2

	35
	7
	0
	23
	1
	2

	36
	7
	0
	23
	1
	2

	37
	7
	0
	23
	1
	2

	38
	7
	0
	23
	1
	2

	39
	7
	0
	23
	1
	2

	40
	7
	0
	23
	1
	2

	41
	7
	0
	23
	1
	2

	42
	7
	0
	23
	1
	2

	43
	7
	0
	23
	1
	2

	44
	7
	0
	23
	1
	2

	45
	7
	0
	23
	1
	2



· Observation 3: All 16 PUCCH resources before the RRC connection are fully used if the last CCE is used in the CCE indication rule.
Based on observation 1-3, we propose the following text proposal: 
· Proposal 2: Adopt the following text proposal for Section 9.2.1 of TS38.213 [1]
	[bookmark: _Ref498101660][bookmark: _Toc517265062][bookmark: OLE_LINK416][bookmark: OLE_LINK417][bookmark: OLE_LINK418][bookmark: OLE_LINK419][bookmark: OLE_LINK420]9.2.1	PUCCH Resource Sets
----------------------------Unchanged parts are omitted----------------------------------
The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 


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 , where  is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: ] is the index of a firstlast 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. 
----------------------------Unchanged parts are omitted----------------------------------



Issue #2: PUCCH resource selection before RRC connection when UL BWP with extended CP is configured
In the current specification TS38.213 [1], a table is defined for PUCCH resources prior to RRC connection in the initial UL BWP with normal CP. Depending on the RRC parameter in TS38.331 [2], the initial UL BWP can be configured with 60kHz subcarrier spacing and extended CP. For this configuration, PUCCH resource sets for UL BWP with extended CP before RRC connection are not defined in TS38.213. To support the initial BWP with extended CP, the following PUCCH resource table is suggested. To provide similar performance, PUCCH resources for extended CP except indices 11-15 have same duration as in PUCCH resources for normal CP but the first symbol index is reduced by 2, Also, PUCCH in indexes 11~15 occupies all of symbols in a slot. The PRB offset and initial cyclic shift set are not changed.
Table 4. PUCCH resource sets before dedicated PUCCH resource configuration for extended CP
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	10
	2
	0
	{0, 3}

	1
	0
	10
	2
	0
	{0, 4, 8}

	2
	0
	10
	2
	3
	{0, 4, 8}

	3
	1
	8
	4
	0
	{0, 6}

	4
	1
	8
	4
	0
	{0, 3, 6, 9}

	5
	1
	8
	4
	2
	{0, 3, 6, 9}

	6
	1
	8
	4
	4
	{0, 3, 6, 9}

	7
	1
	2
	10
	0
	{0, 6}

	8
	1
	2
	10
	0
	{0, 3, 6, 9}

	9
	1
	2
	10
	2
	{0, 3, 6, 9}

	10
	1
	2
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	12
	0
	{0, 6}

	12
	1
	0
	12
	0
	{0, 3, 6, 9}

	13
	1
	0
	12
	2
	{0, 3, 6, 9}

	14
	1
	0
	12
	4
	{0, 3, 6, 9}

	15
	1
	0
	12
	[image: ]
	{0, 3, 6, 9}



· Proposal 3: In the current TS38.213, capture Table 4 as PUCCH resource sets before dedicated PUCCH resource configuration for extended CP

Discussion on UCI multiplexing considering URLLC data in PUSCH
In NR, when considering a full flexibility in the perspectives of scheduling and HARQ operation without any scheduling restriction, a collision in certain symbol(s) may happen for a given carrier for a UE between eMBB PUCCH/PUSCH and URLLC PUSCH, i.e., between PUSCH for eMBB UL data or PUCCH for UCI transmission corresponding eMBB DL data and PUSCH for URLLC UL data. In this section, we address how to handle UCI multiplexing in case of collision PUCCH/PUSCH and PUSCH with URLLC data for a UE at a given carrier.
In a collision between PUCCH and PUSCH with URLLC data
For the case of the collision on symbol(s) overlapped in time between PUCCH and PUSCH with URLLC data, the following alternatives can be considered: 
· Alt.1 Drop PUCCH regardless of PUCCH w/ and w/o HARQ-ACK
· Alt 2. Collision handling differently depending on whether or not including HARQ-ACK in a PUCCH
· In a collision between PUCCH with HARQ-ACK and PUSCH with URLLC data scheduling for a given UE
· Alt.2-1. Using shortened PUCCH format in order not to be overlapped symbol(s) with PUSCH with URLLC data 
· FFS whether CSI can be included in shortened PUCCH or not
· Alt 2-2. PUSCH with URLLC data can be punctured on the overlapped symbol(s) if PUCCH and PUSCH can be transmitted in a different symbol(s)
· Alt 2-3. Piggybacking UCI on PUSCH with URLLC data scheduling
· Option-A: Piggybacking on PUSCH with URLLC data by puncturing or rate-matching on PUSCH with URLLC data for # of HARQ-ACK bits
· Option-B: Piggybacking on PUSCH with URLLC data by scheduling PUSCH with URLLC data including expected # of HARQ-ACK bits
· In a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling for a given UE
· Drop PUCCH
For the case of a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling, it makes sense to drop PUCCH. However, for the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC data scheduling, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC data scheduling when considering the impact of eMBB operation and the scheduling delay which may be caused by not transmitting the HARQ-ACK related to the eMBB data.
· Proposal 4: 
· If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.
· For the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC.

In a collision between PUSCH and PUSCH with URLLC data
As the case of the collision on symbol(s) overlapped in time between PUSCH and PUSCH with URLLC data for a UE at a given carrier, especially for the collision between PUSCH w/ or w/o UCI and PUSCH with URLLC data scheduling, the following options can be considered. 
· In case of a collision between PUSCH w/ UCI and PUSCH with URLLC data scheduling for a given UE, transmit PUSCH with URLLC data and UCIs are handled as follows:
· Option 1. Shifted UCI transmission i.e. All UCI RE(s) is shifted to UL-SCH RE(s) within PUSCH resource allocation region
· Option 2. Only A/N RE(s) is shifted to the next symbol(s) of URLLC data and drop CSI part 1/CSI part2
· Option 3. Both A/N RE(s) and CSI part 1 are shifted to the next symbol(s) of URLLC data and drop CSI part2
· In case of a collision between PUSCH w/o UCI and PUSCH with URLLC data scheduling for a given UE.
· Drop PUSCH w/o UCI and transmit PUSCH with URLLC data scheduling.
For the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling, it makes sense that later UL grant overrides the earlier UL grant. However, for the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH by the later UL grant for scheduling URLLC data when considering the impact of eMBB operation and the scheduling delay which may be caused by not transmitting the UCI related to the eMBB data.
· Proposal 5: 
· The later UL grant overrides the earlier UL grant for the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling
· For the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH

Discussion on Long PUCCH over Multiple Slots considering DL-UL switching gap
Determination of slots for multi-slot long PUCCH transmission considering DL-UL switching gap
According to the agreements at RAN1#AH_1801 [2], DCI granted multi-slot PDSCH/PUSCH/PUCCH can be transmitted by the UE on flexible symbol(s) indicated by semi-static DL/UL assignment configuration. This implies that both the flexible symbol(s) and UL symbol(s) can be used for long PUCCH transmission over multiple slots when semi-static DL/UL assignment configuration indicates symbol(s) as flexible regardless of indication by dynamic SFI or when no semi-static DL/UL assignment and UE-dedicated DL/UL assignment are configured. 

However, unlike LTE, the DL/UL switching gap in NR can be set implicitly with one, two, or more symbol(s) without any explicit signaling. Then, the consecutive DL symbol and (multi-slot) long PUCCH using flexible symbol without any DL/UL switching gap can occur in one slot format. Figure 2 shows the case for consecutive DL symbol and flexible symbol for multiple-slot long PUCCH without any DL/UL switching gap in one slot format (e.g.= 2 by higher layer and # of symbol for long PUCCH = 12 in one slot format). 
[image: ]
Figure 2. Multiple-slot long PUCCH transmission in consecutive DL and flexible symbols without any DL/UL switching gap in one slot format.  
According to section 8.1 in the current TS 38.213 [1], in case of determining valid PRACH occasions including UL symbols or flexible symbols, at least Ngap symbols after a last DL symbols or a last SS/PBCH block transmission symbols has been specified as shown in Table below:
Table 8.1-2: [image: ] values for different preamble subcarrier spacing configurations [image: ]
	Preamble subcarrier spacing
	[image: ]

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2



Moreover, even for a case to transmit PRACH and PUSCH/PUCCH/SRS in a same slot, a gap (N) between PRACH and PUSCH/PUCCH/SRS has been specified in section 8.1 of [4] as follows: 
	







For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first/last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last/first symbol of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or ,  for  or , and  is the subcarrier spacing configuration for the active UL BWP.



Therefore, when the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined by considering one or two flexible symbols(s) as the DL/UL switching gap. To avoid “NO” switching gap between DL symbol and symbols for long PUCCH transmission, we propose to select one of the following alternatives.
· Proposal 6: Select one of the following alternatives:
· 
Alt-1. When the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined considering one or two flexible symbols(s) as the DL/UL switching gap.
· Alt-2. A UE does not transmit long PUCCH for UCI repetition in a slot having DL symbols if the total number of ‘flexible’ and ‘UL’ symbols in the slot is equal to the number of symbols for the long PUCCH. 
· Alt-3. A UE is not expected that the flexible symbol right after the last DL symbol in a slot is indicated or configured for long PUCCH transmission.

Determination of slots for multi-slot long PUCCH transmission in case of assuming SS/PBCH block in flexible symbol(s).

According to the agreements at RAN1#91 [3], RAN1 agreed that SS/PBCH block can happen in both semi-static DL symbol(s) and semi-static flexible symbol(s), in which the symbols configured to transmit SS/PBCH block cannot be overwritten to UL. This implies that if symbols configured to transmit SS/PBCH block are flexible symbol(s) by semi-static DL/UL assignment configuration, the flexible symbol(s) cannot be used for long PUCCH transmission over multiple slots. Furthermore, the next flexible symbol right after SS/PBCH block cannot be also used for long PUCCH transmission over multiple slots as addressed in a case of consecutive DL symbol and flexible symbol for multi-slot long PUCCH. Figure 3 shows the case for consecutive SS/PBCH block and flexible symbol for multiple-slot long PUCCH without any DL/UL switching gap in one slot format (e.g.= 2 by higher layer and # of symbol for long PUCCH = 8 in one slot format).
[image: ]
Figure 3. Multiple-slot long PUCCH transmission right after SS/PBCH block without any DL/UL switching gap in one slot format.  

When the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined by excluding not only semi-static flexible symbols configured for SS/PBCH block but also at least one or Ngap flexible symbols right after SS/PBCH block for the DL/UL switching gap as addressed in Table 8.1-2. Therefore, we propose to choose one of the following alternatives: 
· Proposal 7: Select one of the following options:
· 
Option-1. When the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined considering at least one or Ngap flexible symbols(s) right after SS/PBCH block, which is expected to receive at the UE, as the DL/UL switching gap.
· Option-2. A UE is not expected that the flexible symbol right after SS/PBCH block in a slot is indicated or configured for long PUCCH transmission.

3 Conclusion
In this conclusion, we summarize our view on each remaining issue for uplink control channel.
Issues on PUCCH resource selection without dedicated PUCCH resource configuration
· Proposal 1: We propose to allow detecting DCI format 1_1 without dedicated PUCCH resource configuration in NR Rel-15.
· No specification change is required.
· Observation 1: If the NCCE is not a multiple of 2* L, before the RRC connection, a half of all PUCCH resources (up to 8) are used, even if the UE monitors two PDCCH candidates of the aggregation level L.
· Observation 2: In some cases, before the RRC connection, a half of PUCCH resources can be used, even if the UE monitors three PDCCH candidates of the aggregation level L.
· Observation 3: All 16 PUCCH resources before the RRC connection are fully used if the last CCE is used in the CCE indication rule.
· Proposal 2: Adopt the following text proposal for Section 9.2.1 of TS38.213 [1]
	9.2.1	PUCCH Resource Sets
----------------------------Unchanged parts are omitted----------------------------------
The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 


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 , where  is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: ] is the index of a firstlast 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.  
----------------------------Unchanged parts are omitted----------------------------------



· Proposal 3: In the current TS38.213, capture Table 4 as PUCCH resource sets before dedicated PUCCH resource configuration for extended CP
Table 4. PUCCH resource sets before dedicated PUCCH resource configuration for extended CP
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	10
	2
	0
	{0, 3}

	1
	0
	10
	2
	0
	{0, 4, 8}

	2
	0
	10
	2
	3
	{0, 4, 8}

	3
	1
	8
	4
	0
	{0, 6}

	4
	1
	8
	4
	0
	{0, 3, 6, 9}

	5
	1
	8
	4
	2
	{0, 3, 6, 9}

	6
	1
	8
	4
	4
	{0, 3, 6, 9}

	7
	1
	2
	10
	0
	{0, 6}

	8
	1
	2
	10
	0
	{0, 3, 6, 9}

	9
	1
	2
	10
	2
	{0, 3, 6, 9}

	10
	1
	2
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	12
	0
	{0, 6}

	12
	1
	0
	12
	0
	{0, 3, 6, 9}

	13
	1
	0
	12
	2
	{0, 3, 6, 9}

	14
	1
	0
	12
	4
	{0, 3, 6, 9}

	15
	1
	0
	12
	[image: ]
	{0, 3, 6, 9}



Issues on UCI multiplexing considering URLLC data in PUSCH
· Proposal 4: 
· If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.
· For the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC.
· Proposal 5: 
· The later UL grant overrides the earlier UL grant for the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling
· For the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH

Issues on Long PUCCH over Multiple Slots considering DL-UL switching gap
· Proposal 6: Select one of the following alternatives:
· 
Alt-1. When the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined considering one or two flexible symbols(s) as the DL/UL switching gap.
· Alt-2. A UE does not transmit long PUCCH for UCI repetition in a slot having DL symbols if the total number of ‘flexible’ and ‘UL’ symbols in the slot is equal to the number of symbols for the long PUCCH. 
· Alt-3. A UE is not expected that the flexible symbol right after the last DL symbol in a slot is indicated or configured for long PUCCH transmission.
· Proposal 7: Select one of the following options:
· 
Option-1. When the UE determines slots for transmitting long PUCCH on multiple slots, the  slots for the multi-slot long PUCCH transmission should be determined considering at least one or Ngap flexible symbols(s) right after SS/PBCH block, which is expected to receive at the UE, as the DL/UL switching gap.
· Option-2. A UE is not expected that the flexible symbol right after SS/PBCH block in a slot is indicated or configured for long PUCCH transmission.
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