
3GPP TSG RAN WG1 NR Ad-Hoc#2

R1-1710158
Qingdao, P.R. China 27th – 30th June 2017
Source:
Guangdong OPPO Mobile Telecom
Title:
Discussion on long PUCCH for up to 2 UCI bits
Agenda Item:
5.1.3.2.2.1
Document for:
Discussion and Decision
1. Introduction
In RAN1#89, PUCCH in long-duration was discussed with following agreements:
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.

In this contribution, we show our views on the design of long PUCCH for up to 2 UCI bits.
2. Discussion
For up to 2 UCI bits, 2-symbol PUCCH is composed of two 1-symbol PUCCH was agreed in RAN1#89. The same design principle should be extended to long PUCCH for up to 2 UCI bits to flexibly support the wide time-duration range of long PUCCH from 4 symbols up to 14 symbols. Therefore, we propose to define PUCCH resource unit for long PUCCH. A long PUCCH for up to 2 UCI bits contains multiple PUCCH resource units which can be separated decoded, i.e. one PUCCH resource unit should be composed of resources for DMRS and UCI.
It has been proved that 50% DMRS overhead is optimal for up to 2 UCI bits by many companies. To flexibly support the various PUCCH lengths, it is proposed that one PUCCH resource unit is composed of 2 symbols, and DMRS and UCI are TDM multiplexed in each unit.

Furthermore, to design the structure of PUCCH resource unit and the concatenation of multiple units, whether support dynamic change the end of long PUCCH during the transmission should be firstly determined. As shown in Figure 1, in slot n, a long PUCCH (5 symbols) is scheduled to be transmitted in slot n+3 for UE A. In slot n+2, a short PUCCH is also scheduled in slot n+3 for UE A. Furthermore, in slot n+3, one aperiodic SRS is triggered in slot n+3 for UE A. If UE A does not support simultaneous transmission of multiple channels/signal in one symbol, UE A should dynamically change the end of long PUCCH during the transmission.
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Figure 1. Dynamic change of the end of long PUCCH during the transmission
Observation: Whether support dynamic change the end of long PUCCH during the transmission should be determined.
To support the above use case, the front structure of long PUCCH should do not change with the length of long PUCCH. In other words, when the long PUCCH contains odd number of symbols, a partial unit should be added into the end of long PUCCH instead of the front of long PUCCH. Furthermore, considering the performance, for partial unit, UCI symbol should be kept. Therefore, we propose that PUCCH resource unit should be defined as {UCI symbol, RS symbol}, and multiple units are sequential concatenated to compose a long PUCCH, as shown in Figure 2.
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Figure 2. Multiple units compose a long PUCCH
Proposal: A long PUCCH for up to 2 UCI bits contains multiple PUCCH resource units.

· One PUCCH resource unit is composed of 2 symbols, i.e. {UCI symbol, DMRS symbol}
· When the long PUCCH contains odd number of symbols, a partial unit should be added into the end of long PUCCH.
3. Conclusions
In this contribution, we show our views on the design of long uplink control channel for up to 2 UCI bits with following observation and proposal:
Observation: Whether support dynamic change the end of long PUCCH during the transmission should be determined.
Proposal: A long PUCCH for up to 2 UCI bits contains multiple PUCCH resource units.

· One PUCCH resource unit is composed of 2 symbols, i.e. {UCI symbol, DMRS symbol}

· When the long PUCCH contains odd number of symbols, a partial unit should be added into the end of long PUCCH.
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