3GPP TSG RAN WG1 Meeting #89                                          R1-1707167
Hangzhou, P.R. China 15th – 19th May 2017
Source:               ZTE

Title:                    Design principles of NR short PUCCH 
Agenda item:      7.1.3.2.1
Document for:    Discussion and Decision 
1 Introduction
The following agreements on PUCCH in short-duration were achieved in the RAN1#88bis meeting [1]. 
	· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:

· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 

· FFS whether the design may or may not depend on the frequency range
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)

· FFS: for 1 and 2 bits

· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)

· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
· Option 2: multiple values depending on, e.g. UCI payload size etc.


In this contribution, we mainly present some design principles on the UL control structure in short duration. Detailed structures for short PUCCH formats carrying up to 2-bit UCI format and more than 2-bit UCI are discussed in our contributions [2] [3]. 

2 Design principles for PUCCH in short duration

As agreed in RAN1#86bis, NR supports a DFT-S-OFDM based waveform complementary to the CP-OFDM waveform, at least for eMBB uplink and for frequency ranges up to 40GHz. Also, it has been agreed in RAN1#88 that a DFT-s-OFDM waveform is supported for the PUCCH in long-duration. In order to mitigate the performance loss of the PUCCH in short duration, a DFT-s-OFDM waveform with low PAPR/CM should be also supported for PUCCH in short duration.  In the following we present more discussions on PAPR/CM from different aspects. 
Coverage:
The link-budget of the short PUCCH channel for 2-bit UCI transmission in one symbol PUCCH is analyzed in Table 1. The required link-level SINR of different design schemes is given in our companion contributions [2]. According to [2], the PAPR/CM of the RS-based Option1 is 1.8dB higher than for the sequence-based Option 4 [2]. Therefore, a 1.8dB power back-off is needed for the RS-based Option1. Compared to RS-based Option 1, the cell radius of the sequence-based Option 4 is ~75m larger, correspondingly the cell coverage is 1.5E+05 m2 larger. . 
Table 1 Link-budget analysis {one-symbol PUCCH, 2-bit, 1Tx (UE), 2 Rx (eNB), 2GHz, TDL-A}
	Physical channel name 
	Option 1:
RS and UCI are FDMed in one symbol
	Option 4: Sequence selection with low PAPR

	(1) Tx Power (dBm)
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	180000

	(6) Effective noise power
=(2) + (3) + (4) + 10log(5) (dBm)
	-116.45
	-116.45

	(7) required SINR (dB) 
	8.3
	6.3

	(8) Receiver sensitivity =(6) + (7) (dBm)
	-108.15
	-110.15

	(9) MCL
=(1) - (8) (dB)
	131.15
	133.15

	(10) Antenna gain + connector loss (dBi)
	-5
	-5

	(11) Shadow fading std [dB]
	4
	4

	(12) PA power back-off  (dB) 
	1.8
	0

	(13) Max path loss (dB)
= (9) + (10) - (11) - (12)
	120.35
	124.15

	(14) Carr frequency (Hz)
	2E+09
	2E+09

	(15) Pathloss (UMi, NLoS, Hex) (dB)
	36.7log10(d) + 22.7 + 26log10(fc) 
	36.7log10(d) + 22.7 + 26log10(fc) 

	(16) Max cell Radius (m)  
	280.22 m
	355.67

	(17) Max cell Radius (m2)  
	2.47E+05
	3.97E+005


Although the short PUCCH is intended to be used in the centre cell scenarios, good coverage still should be ensured so that more UEs can use the service. Furthermore, when it comes to higher carrier frequencies, the absolute coverage without low PAPR techniques could become too small for practical deployments. 
Observation 1: For up to 2-bit UCI transmission, the cell radius of sequence-based Option 4 with low PAPR is ~75m larger than RS-based Option1. 

PA efficiency: 

A signal with high PAPR may work in the non-linear region of the PA and cause power emissions. This will reduce the PA efficiency and results in more power consumption. In other words, to ensure that signals with high PAPR work efficiently in the linear PA region, the hardware needs to be improved which results in a higher component cost.
Resource utilization: 

As a by-product of the lower coverage associate with an RS based design, the UEs cannot access to the cell by using the short PUCCH and have to rely on the long PUCCH instead. This causes an unnecessary resource waste since the short PUCCH has a lower resource granularity. In addition, the short PUCCH can provide a fast HARQ-ACK and CSI feedback to support a lower RTT and fast link adaptation, which will improve the overall system efficiency. 
Above all, DFT-s-OFDM waveform with a low PAPR/CM, e.g. a sequence selection based structure for up to 2-bit transmission, should be supported for short PUCCH. 
Proposal 1: For PUCCH in short duration, DFT-s-OFDM waveform with a low PAPR/CM should be supported. 
In LTE, different PUCCH formats, i.e. PUCCH Format 1/1a/1b, Format 3 and Format 4/5 targeted for different UCI payloads are designed. This helps to adapt the used PUCCH format to the requirements of different scenarios. For example, the PUCCH Format 1a/1b are exclusively designed for 1/2-bit ACK/NACK transmission, which is the most frequent UCI transmission scenario. Therefore, PUCCH Format 1a/1b is designed to support a large multiplexing capacity. Correspondingly, PUCCH Format 3 and Format 4/5 are designed for a large UCI payload and the multiplexing capacity is not the top design priority. Similarly for NR PUCCH, at least two independent PUCCH formats should be supported for the UCI payload, one of 1/2-bit and another one for larger sizes.  
Proposal 2: At least two independent PUCCH formats should be supported, one for a UCI payload of 1/2-bit with higher multiplexing capacity and one for larger payload with lower priority on the multiplexing capability.
3 Conclusion

This contribution provides the following observations and proposals:
Observation 1: For up to 2-bit UCI transmission, the cell coverage of sequence-based Option 4 is ~100m larger than RS-based Option1. 

Proposal 1: For PUCCH in short duration, DFT-s-OFDM waveform with a low PAPR/CM should be supported. 

Proposal 2: At least two independent PUCCH formats should be supported, one for a UCI payload of 1/2-bit with higher multiplexing capacity and one for larger payload with lower priority on the multiplexing capability.
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