
[bookmark: OLE_LINK4][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #88								R1-1702979
Athens, Greece, 13th – 17th February 2017

[bookmark: Source]Agenda item:	8.1.3.2.1
Source: 	Samsung 
Title:					UL Control Channel Design: Short Format
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In LTE, a few formats of physical uplink control channels (PUCCHs) were specified for SR/HARQ-ACK/CSI feedback primarily to account for different payloads. Similarly, in NR, different UL control channel formats are expected to be needed not only to optimize a trade-off between UL resource overhead and supported UCI payloads as in LTE but also to enable different transmission latency through a “short” format or a “long” format [1]. This contribution discusses remaining aspects for the design of short format while long format is considered in [2]. 

	Agreements in RAN1 NR Ad-hoc:
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· 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
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:
· Whether/how a UL data in the long UL-part can be extended until the end of the slots.
· Whether/how a UL data can be scheduled on the short-duration.

· 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 short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· 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.
· FFS: PUCCH in short-duration

· 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




Design criterions for short format NR PUCCH
This section discusses design aspects for the “short PUCCH”. 

· Waveform: The agreement in RAN1#86bis regarding waveform is to use CP-OFDM as baseline and to also support DFT-S-OFDM for link budget limited cases. The main motivation to introduce two different formats for PUCCH is that long PUCCH is used to guarantee sufficient coverage (at the expense of latency) and short PUCCH is used for scenarios where coverage is not an issue for small or moderate UCI payloads such as 1 ~ at least a few tens of bits as agreed in RAN1 NR Ad-hoc. Moreover, the frequency hopping enabled by CP-OFDM provides a SINR gain that is about the same as the CM increase of CP-OFDM compared to DFT-S-OFDM [3]. Therefore, even if DFT-S-OFDM could provide some small gains for a specific case of HARQ-ACK payloads, i.e. 1 or 2 bits, without having any side effects (this is not the case in reality), introduction of an additional waveform for short PUCCH is not needed much like introduction of an additional waveform other than DFT-S-OFDM for long PUCCH is not needed. 

· Transmission structure: It was agreed that a PRB (or multiple PRBs) is the minimum resource unit size for PUCCH. However, it is FFS whether UE multiplexing applies within a PRB for the short UL control channel duration. As for the DL control channel, it is preferred for a UE to transmit short PUCCH in “PUCCH sub-band” that includes multiple PRBs as shown in Figure 1. The frequency band of the PUCCH sub-band should not be greater than the maximum UE transmission BW. The PRBs of the PUCCH sub-band should be distributed, particularly when UE multiplexing on same PRBs is supported, in order to achieve frequency diversity gain. At least for larger UCI payloads, multiplexing of short PUCCH transmissions from multiple UEs in same PRBs may not be supported and in that case frequency-contiguous PRBs can also be considered either by network choice (e.g. a gNB configures locations of PRBs) or implicitly in order to enable selection of PRBs where the UE experiences high SINR to improve coverage/BLER for the larger UCI payloads. UE multiplexing in same PRBs may need to be limited, if any, for all HARQ-ACK payloads due to the reduced coverage of short PUCCH.   

· [bookmark: _GoBack]Number of symbols: As agreed in RAN1 NR Ad-hoc, at least 2 OFDM symbols for short format PUCCH is supported. Taking into account 1 OFDM symbol is the baseline for short format PUCCH and more than one symbols can be supported for coverage extension, short PUCCH can be repeated in multiple symbols with potential frequency hopping. However, for repetitions of short PUCCH, the distinction between short PUCCH and long PUCCH is gradually reduced. Also, more than 2 symbols are not expected to be available in DL-centric slots and long PUCCH can be applicable for 4 or more symbols. Therefore, to avoid design duplications, short PUCCH should be limited to 2 symbols.  

· Multiplexing with UL data (PUSCH): In UL centric slot as shown in Figure 1, FDM of PUSCH and PUCCH may be beneficial from the resource utilization perspective. In this case, a PUSCH can span from the 1st OFDM symbol of PUSCH (e.g., 3rd OFDM symbol of a slot) to the last OFDM symbol of a slot. A number of symbols for the PUSCH to apply rate matching can be indicated by L1 signaling depending on whether or not the PUSCH resource collides with “PUCCH sub-band” or a SRS transmission BW [4]. 

· Multiplexing of UCI and DMRS: It was agreed that UCI and RS are FDM and same SCS between DL/UL data and PUCCH are supported. Even in case of different SCS between DL/UL data and PUCCH, FDM can provide better BLER performance than TDM as evaluated in [3].

· Multiplexing of different UEs: It was agreed that the PUCCH resource is indicated by a combination of semi-static configuration and (at least for some types of UCI information) dynamic signalling. For the PUCCH resource indication, a combination of explicit indication (e.g. as for PUCCH Format 3/4/5 in LTE), implicit indication (e.g. as for PUCCH format 1a/1b in LTE) and also, the ARO-based mechanism (e.g. as for resolving PUCCH resource collisions in LTE EPDDCH) can be considered. Further details are discussed in [5].

[image: ]
Figure 1: Short PUCCH format

Proposal: For short PUCCH format
· Short PUCCH supports only CP-OFDM.
· PRBs for short PUCCH should not be separated by more than the maximum UE transmission BW.
Conclusions
This contribution discusses remaining design aspects for short format PUCCH and proposes following proposals.

Proposal: For short PUCCH format
· Short PUCCH supports only CP-OFDM.
· PRBs for short PUCCH should not be separated by more than the maximum UE transmission BW.
References:
[1] RAN1 NR Ad-hoc Chairman note
[2] R1-1702981, “UL Control Channel Design: Long Format”, Samsung
[3] R1-1702986, “Performance Results for Short PUCCH”, Samsung
[4] R1-1702980, “Multiplexing Short PUCCH with Data Channels or SRS”, Samsung
[5] R1-1702983, “Resource Allocation for PUCCH”, Samsung



3

image1.emf
DL control

DL Data

Short  

PUCCH

Carrier 

BW

Less than 

UE BW

PRB

.

.

.

PRB

UE-specific DMRS

UL Data

DL centric slot

UL centric slot

UCI


