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1. Introduction

In LTE, PUCCH is transmitted in a duration of subframe and at the edges of the system bandwidth. In 5G NR, two types of PUCCH are introduced, one is the PUCCH with short duration (format) and the other is the PUCCH with long duration (format). The PUCCH with short duration is transmitted at the last couple of symbols of a slot, and the main target of this type of PUCCH is to support some quick UCI feedback such as Ack/Nack.  The PUCCH with long duration (format) could be transmitted in a slot with more uplink symbols and the main purpose is to support UE at the cell edge or with coverage issue. 
In RAN1 #87 meeting  and RAN1 NR Ad-hoc meeting, some discussions for PUCCH with long duration were conducted either through email discussion or using the meeting time, and as the outcomes some agreements were reached which include the following
Agreements: (RAN1 #87 meeting)
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots
Agreements: (RAN1 NR Ad-hoc meeting)
· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’

· The PUCCH resource includes time, frequency and, when applicable, code domains.

· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

In this contribution, some design aspects focusing on time duration and relevant signalings for PUCCH with long duration are discussed and our views are provided. 
2. NR PUCCH with long duration
2.1. Duration of PUCCH with long duration
Unlike in 4G LTE where PUCCH is transmitted in a full uplink subframe with fixed number of symbols (e.g., 14 symbols) at the edges of system bandwidth,  the PUCCH with long duration (or format) in 5G NR could be transmitted in either a full uplink slot, or a slot with only partial uplink symbols. Figure 1 shows some examples of different slot structures that could be used in 5G NR, which include full uplink slots (all symbols are used for uplink transmission), slots with both UL/DL transmissions. For slots with both UL/DL  transmissions, some slots  are uplink-centric where there are more uplink symbols, while some slots are downlink-centric where there are more downlink symbols. There is a guard period (GP) between DL/UL transmission to allow UE to switch from DL reception to UL transmission.  
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Figure 1 Example of slot structure in 5G NR
As different slot may have different structures, the number of available symbols that could be used for PUCCH could be different. If the slot is more of a downlink-centric slot and may only contains a few uplink symbols, it may not worth to support transmission of  PUCCH with long duration on such a slot. There are a couple of considerations behind this:
· First, there are not many uplink symbols available for PUCCH with long duration in such slot anyway
· Second,  if PUCCH with short duration is configured on such slots, which is very likely due to the downlink-centric slot structure and the need for quick UCI feedback,   it will bring increased complexity of multiplexing PUCCHs between long and short durations. 
For exact number of uplink symbols in a slot that could be considered for PUCCH with long duration, it may depend on the total number of symbols in a slot as well as the number of symbols for DMRS. For example, for a slot that contain 7 symbols and if 4 of them are used for uplink transmissions (and one or two of  them are  used as DMRS), then it shall not be viewed as a downlink-centric slot and could be used for PUCCH with long duration. 
Proposal

· Support PUCCH with long duration in a non downlink-centric slot, where X=number of uplink symbols,  consider X>= 4 for a slot with 7 symbols
After determining what kind of slots could be used for PUCCH with long duration, the next issue would be whether all or partial uplink symbols in such slots could be use for PUCCH with long duration.  For the slots that have more uplink symbols,  starting and ending of PUCCH at any symbols of a slot may bring benefits of multiplexing more UE with their PUCCH of long duration and save overall PUCCH overhead. However, such approach may require more signalings, and may increase the multiplexing complexity between PUCCH itself and maybe with other channels. To simplify the design, it could be preferable to use all available uplink symbols in a slot assigned for PUCCH. For this approach, the start symbol for PUCCH is the first uplink symbol of the slot and the end symbol for PUCCH is the last uplink symbol of the slot, and such information could be derived from the slot structure signaled by common control signal. It should be noted that the above statement is for the case where this is no overlapping between PUCCHs with long duration and short duration. In the situation where  such overlapping exists,  UE could  dynamically indicate the finish symbol of its PUCCH with long duration to avoid the collision between PUCCHs with long and short durations. 
Proposal

· Consider to use all the uplink symbols in a slot for PUCCH with long duration. The start and finish symbols of PUCCH could be derived from slot structure sent by common control signals
To guarantee the performance of PUCCH with long duration for cell edge UE, there is a necessity to maintain certain number of symbols that is used for a PUCCH. For example, a PUCCH with long duration could have total 14 symbols (including symbols carrying DMRS) similar to that in 4G LTE, hence, at least maintain the similar performance as in 4G LTE. Certainly with different locations of UE in the cell and/or different cell size, the number of symbols that is needed for the PUCCH could vary.  On the other side, with the existence of various slot types with different available uplink symbols, sometimes it needs to aggregate consecutive slots together to meet the requirement of total uplink symbols for a PUCCH. Figure 2 shows an example of two slot aggregated to form PUCCH with long duration, where the first slot is a full uplink slot, while 2nd slot is an uplink-centric slot. As mentioned earlier, it is preferred to use all uplink symbols in the slots for PUCCH with long duration, and if that is the case only the  number of aggregated slots shall be signaled to the UE. Such signals could be sent dynamically or semi-statically on  per UE basis.
Proposal

· For slot aggregation for PUCCH with long duration,  at least number of aggregated slots could be  signaled to the UE.
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Figure 2: Example of slot aggregation to form PUCCH with long duration
In 5G NR, in order to provide quick UCI feedback, the PUCCH with short duration (or format) is introduced which will be transmitted in the last couple of symbols in a slot.  As an UE could support different applications at the same time, it may need to feedback UCIs on both types of PUCCH respectively, therefore there is a need to support the co-existence of PUCCH with long and short durations in the same slot(s). That will lead to the situation that PUCCH with long duration having overlap with PUCCH with short duration.  To resolve this, a simple way is to shorten the duration of PUCCH with long duration to avoid the overlapping, as shown by PUCCH in slot #1 of Figure 3 as an example. However,  sometimes, PUCCH with short duration may not be transmitted on PRBs assigned to the PUCCH with long duration on  those overlapping symbols, in order to utilize those overlapping resources, the duration of PUCCH with long duration could be extended to the end of the slot as shown by PUCCH in slot #2 in Figure 3.  In either case,  UE could be signaled with the finishing symbol of PUCCH with long duration, e.g., dynamically using DCI for corresponding PDSCH. 
Proposal

· Support simultaneous transmission of PUCCHs with long and short duration in the same slot

· Dynamically signal to the UE the finish symbol of PUCCH with long duration when it has overlapping with PUCCH with short duration
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Figure 3 Example of overlapping between PUCCH with long duration and PUCCH with short duration
3. Conclusions
In this contribution, some aspects on PUCCH with long duration design were analyzed with focus on time duration as well as relevant signalings. The following proposals are presented
Proposals :  
· Support PUCCH with long duration in a non downlink-centric slot, where X=number of uplink symbols,  consider X>= 4 for a slot with 7 symbols

· Consider to use all the uplink symbols in a slot for PUCCH with long duration. The start and finish symbols could be derived from slot structure sent by common control signal
· For slot aggregation for PUCCH with long duration,  at least number of aggregated slots could be  signaled to the UE.

· Support simultaneous transmission of PUCCHs with long and short duration in the same slot

· Dynamically signal to the UE the finish symbol of PUCCH with long duration when it has overlapping with PUCCH with short duration
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