3GPP TSG RAN WG1 Meeting NR#3                                       	R1-1715541	
Nagoya, Japan, 18th – 21st, September 2017

Agenda Item:	6.3.2.2.1
Source:	Lenovo, Motorola Mobility
Title:	Long PUCCH design for UCI of up to 2 bits
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]
Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]This contribution is revised from R1-1712677. In this contribution, the long PUCCH structure design for UCI of up to 2 bits is discussed in support of length of {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14} OFDM symbols in a slot. 
The follow agreements achieved in the previous meetings [1, 2, 3] are listed as reference:
Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.
Agreements:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths
· The certain bandwidth is maximum UE transmission bandwidth capability.

Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details

Agreements:
· For a long-PUCCH for UCI of up to 2 bits,
· Confirm the WA:
· DMRS always occurs in every other symbol in the long PUCCH
· FFS: even or odd symbols
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.
· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration

Agreements:
· Frequency-hopping for a PUCCH occurs within the active UL BWP for the UE
· FFS message 4 ACK/NACK
· FFS multiple active BWP
· The active BWP refers to BWP associated with the numerology of PUCCH



Discussion
Background and design criteria
In our understanding of long PUCCH with UCI up to 2 bits, the following use cases and design principles should be considered:
· The long PUCCH structure should be flexible to adapt to certain duration from 4 to 14 symbols in a slot. This is due to the NR flexible frame structure supporting dynamic TDD operation. 
· For up to 2 bits UCI, the long PUCCH structure supports UCI repetition across multiple slots. This can benefit the coverage performance and UE multiplexing capacity.
· To support MIMO schemes, especially if UL beam sweeping is beneficial for robust UCI transmission in a system operated with multiple beams , long PUCCH structure should be able to accommodate UL beam sweeping and multi-beam operation.
· When necessary, long PUCCH can be used for URLLC to achieve high reliability (e.g. 4 symbols PUCCH). Latency requirement may also be met with using long PUCCH, if subcarrier spacing is large, e.g. 120KHz SCS in frequency bands above 6GHz.
· As agreed, we need at least one PUCCH format for UCI with up to 2 bits with high multiplexing capacity.
· PAPR/CM should be comparable to LTE PUCCH.
· The PUCCH structure should be friendly to support transmit diversity scheme.
· Frequency-diversity gain should be comparable to LTE PUCCH.
· Interference randomization should be enabled.

Long PUCCH structure 

For 1 or 2 bits UCI, the Figure.1 shows a brief structure which is basically aligned with the current agreements. In this example, the UCI bits are modulated into a modulation symbol, e.g. BPSK/QPSK, firstly. Then a sequence is applied to the modulation symbol to generate basic signal that will be transmitted in each DFT-S-OFDM symbol. Orthogonal cover code based time-domain spreading can achieve spreading gain and also increase UE multiplexing capacity.

                                                                                             Figure.1 Brief illustration of the long PUCCH for UCI up to 2 bits

Hence, the remaining details could at least include: 
- Arrangement of DMRS and data symbols based on the current agreements 
- UCI contents
- UCI bit(s) mapping and repetition design
Also, as mentioned in the previous section, the discussion should consider efficient support of beam sweeping and multi-beam operation, and coverage enhancement.

DMRS position
As agreed in the previous meeting, the DMRS occurs in every other symbol and FFS in even or odd symbols. If DMRS starts first in a long PUCCH with odd number of symbols, the number of UCI payload symbols is one less than that of the DMRS symbols. In our view, this is both unnecessary and wasting. Hence, to achieve uniform coverage, we support DMRS occur in even symbols, whose indices start from one.
Proposal 1: For a long-PUCCH for UCI of up to 2 bits, DMRS occurs in even symbols, whose indices start from one.

Support of beam sweeping
To achieve better PUCCH coverage and spatial diversity gain, UL UE Tx beam sweeping and gNB Rx beam sweeping can both be considered for long PUCCH.  Time domain PUCCH resource granularity for UCI payload mapping and repetition may be dependent on use cases, numerology, UE and gNB antenna/beamforming architectures.
[image: ]Figure.2 PUCCH transmitted in a beam sweeping manner

In the light of current working assumption that DMRS always occurs in every other symbols in the long PUCCH, two examples are presented in Figure.2. Assuming UE can support UL PUCCH Tx beam sweeping with two beams, 3 or 2 SC-FDMA symbols per beam are illustrated. In case of 3 symbols in each beam shown in Block (a), U+R+U are mapped and transmitted in beam#1, and R+U+R in beam#2. This can lead to performance imbalance in different UL Tx beams, also in different gNB Rx beams. To avoid such case, only even number of symbols in each beam should be transmitted as shown in Block (b). However, a possible issue can be further identified. For example, when odd symbol number of PUCCH is transmitted and each beam contains 2 symbols, the last one symbol are wasted no matter it is a UCI payload or RS symbol. To solve this, the last symbol can be merged into the previous beam. Thereby, we have the following proposals:
Proposal 2: For beam sweeping of long PUCCH with UCI of up to 2 bits, support even number of symbols per PUCCH beam and structure with flexible number of symbols in the last PUCCH beam.

UCI contents for NR long PUCCH with UCI of up to 2 bits
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]To improve the air interface quality in general, NR supports beam management procedures, which includes L1 beam measurement report and recovery mechanism from beam failure. It may be difficult to carry L1 measurement report with 1 or 2 bits PUCCH. However, the beam failure recovery request (BFRR) can be considered as part of 1~2 UCI bits, which is similar with SR. This has been discussed already in the MIMO session. Hence,
[bookmark: OLE_LINK25]Proposal 3: For long PUCCH with UCI of up to 2 bits, beam failure recovery request (BFRR), SR and HARQ-ACK should all be considered when designing UCI type or PUCCH format.

Support of coverage enhancement
As for the use case of coverage enhancement, a configurable/fixed number of PUCCH symbols can be used as a basic component which stands for the coverage enhancement granularity. Then the different coverage enhancement levels can be achieved via configurable number of repetitions of the basic PUCCH component. Due to the flexible TDD structure, the long PUCCH consisting of repetition of the basic PUCCH component can be within a slot or cross slots. Therefore, based on the discussion, we would like to propose:
[bookmark: _GoBack]Proposal 4: For long PUCCH with UCI of up to 2 bits, coverage enhancement is supported by repetition of a basic PUCCH component, which may consist of multiple of 2 symbols.

Conclusions
In this contribution, we provide our views on NR long PUCCH design for UCI of up to 2 bits considering prioritized use cases of multi-beam operation and coverage enhancement. To sum up the discussion and proposals:
Proposal 1: For a long-PUCCH for UCI of up to 2 bits, DMRS occurs in even symbols, whose indices start from one.
Proposal 2: For beam sweeping of long PUCCH with UCI of up to 2 bits, support even number of symbols per PUCCH beam and structure with flexible number of symbols in the last PUCCH beam.
Proposal 3: For long PUCCH with UCI of up to 2 bits, beam failure recovery request (BFRR), SR and HARQ-ACK should all be considered when designing UCI type or PUCCH format.
Proposal 4: For long PUCCH with UCI of up to 2 bits, coverage enhancement is supported by repetition of a basic PUCCH component, which may consist of multiple of 2 symbols.
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