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1 Introduction
In the RAN1#90 meeting, removal of 7-symbol slot was agreed, as captured below [1]:
· Remove the support for 7-symbol slots from NR
· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
In the RAN1#88b meeting, the following was agreed regarding the duration of long duration PUCCH in NR [2]:

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

In this contribution, we discuss configurations and signaling for various start symbol and duration of long PUCCH in 14-symbol slots in conjunction with other DL/UL channel configurations. 
	
	
	
	
	
	


2 Long PUCCH lengths and configuration
In NR, the presence and duration of each DL/UL physical channel and the resulting slot configuration can change dynamically, at least from a UE perspective. A certain slot may contain PDCCH and PDSCH only without a UL part, and another slot may have a mixture of DL and UL channels, e.g., TDM multiplexing of PDCCH, GP, and PUSCH. Further, presence of short PUCCH or/and SRS more complicates the combinations of these physical channels and signals in slots. 
Accordingly, the start symbol and duration of long PUCCH in a slot is affected by the configurations of these physical channels/signals. As will be presented below, there exist dozens of configurations for the DL/UL channels/signals present in a slot which result in different configurations for the start symbol and duration, say simply ‘location’, for long PUCCH. To dynamically indicate the location of long PUCCH in a cell can require a DCI field of several bits in cases without down selection among the dozens of configurations. In the other extreme, to semi-statically configure the long PUCCH location via RRC limits flexibility for the gNB to manage the resources efficiently. Especially, long PUCCH which is scheduled by DCI, e.g., long PUCCH for HARQ-ACK, can have to be transmitted with different configurations in the respective slots.
In these regards, indication of the long PUCCH location should take into account scheduling flexibility, resource efficiency and signaling overhead collectively. We present and discuss below configurations of the DL/UL physical channels of which each can result in different long PUCCH location. 
For an efficient signaling of the long PUCCH location, a hybrid of high layer configuration and dynamic indication can be considered. The gNB selects some of the candidate long PUCCH locations, which would be frequently assigned in the cell, and configure them to a UE via high layer signaling. Among the configured long PUCCH locations, DCI can indicate to the UE which location (start symbol and length) should be applied for the long PUCCH transmission in the corresponding slot.
For instance, in case of paired spectrum (FDD), the cases that PDCCH and GP occupy early symbols need not be configured to the UE. If the gNB selects and configures four cases of long PUCCH locations among the remaining six cases, two bits are sufficient in DCI to indicate the location of the scheduled long PUCCH. In case of unpaired spectrum, if the gNB would transmit PDCCH in most of the slots, the gNB can accordingly select the corresponding cases of the long PUCCH locations and configure them to the UEs.  
For 14-symbol slots, dozens of cases for long PUCCH locations are possible and some examples are presented in the table below. 
	Long PUCCH start symbol
	Long PUCCH length
	Symbol index in a slot

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	#0
	14
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L

	#0
	13
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S

	#0
	12
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S
	S

	#0
	11
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	U
	S
	S

	…
	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	#0
	4
	L
	L
	L
	L
	U 
	U
	U
	U
	U
	U
	U
	U
	S
	S

	#2
	12
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L

	#2
	11
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S

	#2
	10
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S
	S

	#2
	9
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	U
	S
	S

	…
	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	#2
	4
	D
	G
	L
	L
	L
	L
	U
	U
	U
	U
	U
	U
	S
	S

	#3
	11
	D
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L

	#3
	10
	D
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S

	#3
	9
	D
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S
	S

	#3
	8
	D
	D
	G
	L
	L
	L
	L
	L
	L
	L
	L
	U
	S
	S

	…
	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	#3
	4
	D
	D
	G
	L
	L
	L
	L
	U
	U
	U
	U
	U
	S
	S

	#2
	13
	U
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L

	#2
	12
	U
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	S

	…
	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	


As seen from the above table, many locations for long PUCCH transmission are possible because each slot has 14 symbols and the possible PUCCH duration in 14-symbol slots ranges from 4 to 14 symbols. The gNB can down-select the candidate long PUCCH locations to employ in the cell and configure via high layer signaling. For example, in case of paired spectrum (FDD), the candidate long PUCCH locations can be selected among the UL only cases. If transmission of short PUCCH and SRS is limited to the last two symbols in the cell and only one symbol for PDCCH would be configured in every slot, the gNB can configure the corresponding cases of the long PUCCH locations to the UE. However, selecting only 4 candidate locations for long PUCCH may be a bit restrictive and may not be sufficient in some deployment/service scenarios.
Based on the discussions above, we propose the following hybrid approach to configure and indicate the location of long PUCCH which is dynamically scheduled by DCI. 
Proposal 1: for long PUCCH scheduled by DCI
· [4] locations (start symbol, duration) are configured via RRC.

· DCI indicates one among the [4] candidate locations.

· [2] bits are used for the indicator. 

In case of the long PUCCH for periodic or semi-persistent UCI transmission which is usually configured and/or activated by L2/L3 signaling like MAC CE and RRC, dynamically indicating the location of each long PUCCH transmission is not quite workable and desirable due to additional signaling overhead and potential error cases caused by misdetection. Instead, the gNB can select and configure a location (start symbol and duration) for the periodic/semi-persistent long PUCCH which has maximum commonality (commonly used symbols) among the long PUCCH locations to be applied in the cell. That long PUCCH location is used in all the subsequent transmissions. The gNB can manage the configuration of each slot so that it does not conflict with the location of the long PUCCHs scheduled by L2/L3. 
Proposal 2: for long PUCCH scheduled by L2/L3
· A single location (start symbol, duration) is configured to a UE.
3 Conclusion 

This contribution has discussed various configurations of the start symbol and duration for long PUCCH, and configuration and signaling of the long PUCCH location. The followings are proposed to configure and indicate the location of the long PUCCH scheduled by DCI and by L2/L3, respectively:

Proposal 1: for long PUCCH scheduled by DCI
· [4] locations (start symbol, duration) are configured via RRC.

· DCI indicates one among the [4] candidate locations.

· [2] bits are used for the indicator. 

Proposal 2: for long PUCCH scheduled by L2/L3
· A single location (start symbol, duration) is configured to a UE.
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