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1 Introduction
At the RAN1 #90 and AH #NR3 meetings, several details regarding short PUCCH format for more than 2bits UCI payload were discussed. Relevant agreements including open issues are summarized below:
	Agreements:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· The number of PRBs that can be used for a PUCCH is configurable.

· Support contiguous and non-contiguous PRB allocation.

· If prioritization is necessary, contiguous PRB allocation is prioritized.

· The number of DM-RS REs per PRB is 4.

· DM-RS REs are at the fixed positions within a PRB.

· DMRS REs are evenly distributed within a PRB

· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB

· Note: the RE indexing starts from 0

· PN sequences as for PUSCH (opt. 1) is used for DMRS sequence of short-PUCCH for UCI of more than 2 bits

· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.
· FFS on the scrambling initialization for the encoded bits




This contribution discusses the remaining open issues including PRB allocation and scrambling details of the short PUCCH format for more than 2 UCI bits.
2 Discussion
PRB allocation
It was agreed that the number of PRBs used for short PUCCH carrying more than 2 UCI bits is configurable since the UCI payload size can vary depending on the HARQ_ACK content and/or CSI report. The number of PRBs may be selected based on a target coding rate. This would require extensive evaluations for different UCI payload sizes and also taking into account that RM and polar coding schemes are used for less than and more than 12 bits respectively. Some evaluations were shown in [1]  to determine the number of PRBs using TBCC coding. A similar exercise may be conducted using both RM and polar coding to determine suitable PRBs and target coding rates. But in principle the resource allocation can be similar to LTE PUCCH Format 4, wherein one or more PUCCH resources can be configured for a UE and the DCI indicates one out of these resources. Furthermore, the signaled PUCCH resource may indicate a starting PRB and the number of PRBs depends on the UCI payload. 
Proposal 1: the number of PRBs for short PUCCH format for more than 2 bits is determined by the UCI payload and a target coding rate. The starting PRB index can be dynamically signaled. 
Non-contiguous PRB allocation
The distributed PRB mapping could obtain the gain from channel frequency diversity. But there is an issue that distributed mapping results in inter-modulation distortion (IMD) which will impact SEM requirements, resulting in a larger MPR requirement. In LTE, the MPR is defined in sub-clause 6.2.3 of [2] as follows:

For UE Power Class 1 and 3 transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows for QPSK, 16 QAM and 64 QAM

MA =   8.00-10.12A              ; 0.00< A ≤ 0.33

5.67 - 3.07A                   ; 0.33< A ≤0.77

3.31                                  ; 0.77< A ≤1.00

Where MA is defined as follows for 256 QAM

MA = 8.00-10.12A          ; 0.00< A ≤ 0.25

     5.50                            ; 0.25< A < 1.00

Where

      A = NRB_alloc / NRB.

          CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR 
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For example, assume there are 2 allocated PRBs, the BW is 20MHz and these two PRBs are mapped to band edges to get up to 3dB diversity gain. For calculation of MPR, the A =2/100 = 0.02, MA = 8.00 – 10.12A = 7.7976. The allowed MPR will be CEIL {7.7976, 0.5} = 8dB. In this case the diversity gain cannot offset the loss of larger power reduction. From the above formulas, when allocating more PRBs and the distance between allocated PRBs is smaller, the MPR will be reduced (at least 3dB for QPSK). Therefore, the impact of MPR should be considered when deciding whether to use non-contiguous PRB allocation.
Proposal 2: Given the IMD and necessary MPR to support non-contiguous PRB allocation it is recommended to first complete specification of contiguous PRB allocation for the short PUCCH format.
Scrambling details

For NR-PUCCH with more than 2bits UCI, it was agreed to scramble the encoded bits. An open issue is the scrambling initialization. In LTE, bit scrambling for large UCI payloads on PUCCH formats 3/4/5 is described as follows [3]:

The block of bits 
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 shall be scrambled with a UE-specific scrambling sequence, resulting in a block of scrambled bits 
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where the scrambling sequence 
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 is given by clause 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe where 
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 is the C-RNTI.

The LTE scheme could be reused for NR-PUCCH with some possible modifications. For example, initialization of the scrambling sequence generator could be generalized to 
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 where 
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is a numerology-specific counting index such as the NR slot index, 
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is a UE ID. Note also that here the exponent of 16 assumes a 16-bit UE ID.
Proposal 3: The scrambling initialization for the encoded bits is UE specific and is based on the LTE PUCCH scrambling sequence initialization.

3 Conclusions
Based on the analysis we have the following proposals:
Proposal 1: The number of PRBs for short PUCCH format for more than 2 bits is determined by the UCI payload and a target coding rate. The starting PRB index can be dynamically signaled.
Proposal 2: Given the IMD and necessary MPR to support non-contiguous PRB allocation it is recommended to first complete specification of contiguous PRB allocation for the short PUCCH format.
Proposal 3: The scrambling initialization for the encoded bits is UE specific and is based on the LTE PUCCH scrambling sequence initialization.
4 References
[1]. R1-1715989, Short PUCCH for UCI of more than 2 Bits, Samsung, RAN1 AH #NR3
[2]. 3GPP TS 36.101 V14.4.0 (2017-06)
[3]. 3GPP TS 36.211 V14.4.0 (2017-06)
PAGE  

_1348928592.unknown

_1348928594.unknown

_1568288470.unknown

_1568288555.unknown

_1568288662.unknown

_1568288526.unknown

_1566571776.unknown

_1348928593.unknown

_1348928590.unknown

_1348928591.unknown

_1348928589.unknown

