[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting NR Ad-Hoc#3						R1-1716099
Nagoya, Japan, 18th – 21st, September 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Short-PUCCH for UCI of more than 2 bits
[bookmark: Source]Agenda Item:	6.3.2.1.2
[bookmark: DocumentFor][bookmark: _GoBack]Document for: 	Discussion and Decision
1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements at RAN1#89:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern
Agreements at RAN1#90:
· For 1-symbol NR-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.
· The sequences used for DM-RS are one of the following:
· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence
Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· FFS: Shifted mapping


In this contribution, we discuss the design of short-PUCCH for UCI of more than 2 bits. Design of short-PUCCH for UCI of up to 2 bits is discussed in our companion contribution [2].
2. Design of short-PUCCH for UCI of more than 2 bits
2.1. Structure of short-PUCCH
· DMRS RE index
At the RAN1 #90, it was agreed that the number of DMRS REs per PRB is 4 and that DMRS REs are evenly distributed within a PRB. There are still 3 options for DMRS RE mapping to a PRB, i.e. DMRS RE indexes = (#0, #3, #6, #9), (#1, #4, #7, #10), or (#2, #5, #8, #11) assuming that RE indexes in a PRB is #0~#11. Considering the channel estimation accuracy, all UCI REs should be mapped on REs next to DMRS REs; therefore, DMRS RE indexes = (#1, #4, #7, #10) should be supported as illustrated in figure 1.
For shift mapping, the benefit of the shift mapping is not clear. It is sufficient to put the DMRS on fixed REs irrespective of any other parameters.
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Figure 1      DMRS mapping of which DMRS RE index = (#1, #4, #7, #10).
Proposal 1:
· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB. 

· DMRS sequence
For DMRS sequence, there are two options: one is PN sequences (opt. 1) and the other is LTE computer-generated/ZC sequence (opt. 2). Since the number of DMRS REs per PRB is 4, the length of DMRS sequences are the integer multiple of 4. LTE computer-generated/ZC sequence (opt. 2) has sequences which are the integer multiple of 6 or 12. Therefore, for simplicity, we propose PN sequences as for DMRS sequence of short-PUCCH for UCI of more than 2 bits. Sequence generation can basically follow PUSCH DMRS generation.
Proposal 2:
· PN sequences as for PUSCH (opt. 1) should be used for DMRS sequence of short-PUCCH for UCI of more than 2 bits.

2.2. PUCCH resource allocation
For short-PUCCH for UCI of more than 2 bits, multiple contiguous or non-contiguous PRBs, and multiple symbols can be allocated to a UE. Therefore, we consider that a PUCCH resource can be defined by a combination of one PRB on one OFDM symbol. Then, gNB can configure/indicate one or more PUCCH resource(s) for a UE to transmit a UCI. Configured/indicated multiple PUCCH resources can be contiguous or non-contiguous in frequency-domain within an OFDM symbol. Or, configured/indicated multiple PUCCH resources can be mapped over the last two OFDM symbols of a slot at the same PRB (non-frequency-hopping) or different PRBs (frequency-hopping). 
Proposal 3:
· For short-PUCCH of more than 2 bits,
· A PUCCH resource is defined by one PRB index for the given UL BWP on one OFDM symbol.
· UE transmits short-PUCCH of more than 2 bits using one or multiple PUCCH resource(s).
· It can be contiguous or non-contiguous PRBs for the same symbol.
· It can be the same or different PRBs across two symbols.

3. Conclusion
In this contribution, we discussed FDM-based PUCCH for UCI of more than 2 bits. Based on the evaluation results, we propose the following:
Proposal 1:
· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB. 
Proposal 2:
· PN sequences as for PUSCH (opt. 1) should be used for DMRS sequence of short-PUCCH for UCI of more than 2 bits.
Proposal 3:
· For short-PUCCH of more than 2 bits,
· A PUCCH resource is defined by one PRB index for the given UL BWP on one OFDM symbol.
· UE transmits short-PUCCH of more than 2 bits using one or multiple PUCCH resource(s).
· It can be contiguous or non-contiguous PRBs for the same symbol.
· It can be the same or different PRBs across two symbols.
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