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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design of 2-symbol NR-PUCCH, the following agreements were made during the meeting of RAN1 Ad-Hoc #3 [1]:
Agreements:
· For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15
· Note: Option 1-1 (UCI is repeated between two symbols) 

Agreements:
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]For 2-symbol PUCCH with more than 2 UCI bits, the DM-RS density and pattern (i.e., the DM-RS locations) of 1-symbol PUCCH with UCI more than two bits are used for each symbol of the 2-symbol PUCCH

[bookmark: OLE_LINK9]Agreements:
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping. 
· 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

In this contribution, we make discussion and show our view on several remaining aspects for short-PUCCH over two symbols.
2. Discussions
2.1. Structure of short NR-PUCCH more than 2-bit over 2 OFDM symbols
For short NR-PUCCH over 2 OFDM symbols, several remaining aspects are as follows (especially FFS parts in the previous agreements), e.g.,
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported
· FFS: The details of sequence hopping
· 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 section further investigate these aspects.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Sequence hopping for 2-symbol NR-PUCCH with up to 2bit
In LTE, there are many methods to randomize the inter-cell interference, including data scrambling, group hopping, sequence hopping and cyclic shift hopping. Particularly, data scrambling is appied for bits after channel coding which was agreed for NR-PUCCH with more than 2bits. Group/sequence hopping is applied for reference signals where reference-signal base sequences are divided into 30 groups, group hopping means that for a UE, the used base sequence between differernt slots  is from different groups. Sequence hopping only applies for reference-signals of length  because only when the reference-signal length is longer than , there are more than 60 base sequences and when divided into 30 groups, each group can have two base sequences. In NR, it’s agreed that for the sequence length of 12 REs, the supported number of base sequences is 30. If the same grouping mechanism is applied in NR, i.e., 30 groups, only one base sequence in each group, thus sequence hopping (within a group) can not be achieved. For two-symbol short-PUCCH with up to 2 UCI bits, it was agreed at RAN1 #90bis meeting that sequence hopping between two symbols is supported, which may include base sequence, initial cyclic shift and cyclic shift mapping order hopping.
We propose to support 
· Base sequence hopping: propose to only apply to slot-level
· For 1-symbol short PUCCH with up to 2-bit UCI, base sequence hopping in different slots has been agreed at the previous meeting. From the table of high layer parameters concluded after email discussion, PUCCH-F0-Base-sequence-hopping is the parameter to enable hopping of base sequence of PUCCH Format 0 when transmitted in different slots. This parameter does not distinguish between 1-symbol and 2-symbol short PUCCH.
· Cyclic shift hopping
· Initial cyclic shift hopping for a UE: symbol-level (similar to LTE)
· The sequences representing 1/2-bit HARQ-ACK hypothesis can be determined by an initial cyclic shift and an incremental cyclic shift (6/3 respectively for 1/2 bit as agreed).  Example for initial cyclic shift hopping, at symbol n, HARQ-ACK/NACK are mapped to CS(0)/CS(6) respectively, while mapped to CS(5)/CS(11) at the next symbol.
· Mapping order between different ACK/NACK hypotheses and cyclic shifts hopping: symbol-level (similar to LTE)
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]For 1/2-bit HARQ-ACK, 2/4 sequences are reserved. There is a mapping order between HARQ ACK/NACK hypothesis and cyclic shift. For example, ACK and NACK are mapped to CS(0) and CS(6) at one symbol, and then mapped to CS(6) and CS(0) at another symbol.
In our opinion, for 2-symbol PUCCH with up to 2-bit UCI which can be transmission in sequence selection manner with one PRB, base sequence hopping in different slots and cyclic shift hopping in different symbols sholud be supported for inter-cell interference randomization. Similar to LTE, the base sequence hopping can be enabled or disabled by high layer signaling and the hopping pattern can be determined based on cell ID. 
It should be clarified that the sequence hopping between the two symbols refers to the sequence transmitted in each symbol is a function of symbol index within a slot or just point to the sequence of 2nd symbol is relative the sequence of 1st symbol. If the sequence transmitted in each symbol is a function of symbol index within a slot, it is expected that such sequence hopping can be turned off by high layer signaling considering LAA scenario.
At the same time, since 2-symbol short PUCCH is composed by repetition of a 1-symbol NR-PUCCH with the same UCI. If the two 1-symbol  PUCCH with the same sequence, that is, no sequence hopping between two symbols, gNB will yield better detection performance via combining two sequences. To flexibly trade off between interference randomization and combinition detection gain, it will be desirable to enable/disable sequence hopping bewetten two symbols by high layer signalling. 
Proposal 1: For 2-symbol short PUCCH (<2bits), sequence hopping is supported as the following
· Alt 1: Sequence hopping between the two symbols is always supported
· The 2nd symbol always use a different cyclic shift relative to the 1st symbol
· The sequence hopping for the 1st symbol according to the slot/symbol index is enabled/disabled by RRC
· Alt 2 : Sequence hopping between the two symbols is supported by RRC configuration
· The sequence transmitted in each symbol is according to the slot/symbol index
NOTE : Sequence includes the initial CS and mapping order
Scrambling for 2-symbol NR-PUCCH with more than 2bit


In LTE, for PUCCH format 2/3/4/5, the block of bits shall be scrambled with a UE-specific scrambling sequence and the scrambling sequence generator shall be initialised with  at the start of each subframe where denotes slot number within a radio frame and ranges from 0 to 19; is the physical layer cell identity with 504 different values;  is the C-RNTI. In our opinion, similar mechanism can be used in NR system. That is, the encoded bits scrambling can be initialized by Cell ID, C-RNTI and slot number. Furthermore, note that in NR, slot number within a radio frame is variable with different numerologies; 1008 cells is supported.
Proposal 2: Scrambling can be initialized by Cell ID, C-RNTI and slot number. 
2.2. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Frequency hopping for short-PUCCH over 2 OFDM symbols
As agreed in RAN1#89 meeting[2], for 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol, but the details are not discussed yet now, such as configurability of this feature, frequency hopping bandwidth, resource configuration for the second hop, etc. In our view, firstly, frequency hopping for 2-symbol PUCCH should be enabled/disabled by high layer signalling considering LAA scenario and UE transient period at least. Note that the duration of one OFDM symbol varies with numerologies and UE transient period may diminish the frequency diversity for 2-symbol short PUCCH with large subcarrier space. Then, as that of long PUCCH frequency hopping, frequency-hopping for a PUCCH should occur within the active UL BWP for the UE. Specifically, for the resource of second hop, the following two alternatives can be considered.
Alt 1: PUCCH hopping BW is determined by UL active BWP, no explicit indication of the 2nd hop PRB index.
Alt 2: the 2nd hop PRB index is explicit indicated by gNB either by RRC or DCI
For Alt 1, there is a PRB pair between the first hop and second hop within UE active BWP which is similar as that of LTE PUCCH frequency hopping. It is simpler and no adtional signalling is needed ; For Alt 2, this may provide more flexibility from network perspective on the scheduling of data or control channels, as well as resource alignment among different UEs in order to avoid resource fragement in which the different UEs may have different widths but overlapped BWP. However, this may result in not full utilization of frequency diversity from a UE perspective. Furtheromre, the expense of Alt 2 is addtional control signaling.
Proposal 3: For 2-symbol short PUCCH, frequency hopping between two symbols is configurable by RRC signaling. And the resource used for 2nd hop is explicit indicated by gNB.
2.3. Beam sweeping between two symbols
It’s well-known that short PUCCH with 1 or 2 symbol(s) duration are designed for shorter RTT relative to long PUCCH designed for lager RTT and wider coverage. In our view, the main motivation for the 2-symbol short PUCCH is for reliability compared to the 1-symbol. In multiple-beam scenario, it’s reasonable to consider beam sweeping between two symbols. There are two operations listed as follow which can be considered.
· Option 1: short PUCCH with 2-symbol but different beam in each symbol
· Option 2: repetition of two 1-symbol short PUCCHs
Basically, both option 1 and option 2 provides similar performance. Compared to option 2 , option 1 allows different QCL assumptions within one short PUCCH instance. Therefore the signalling design is more complicated. Meanwhile, it is against with the agreement that for two-symbol short-PUCCH with up to 2 UCI bits, same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH. Option 2 is very similar to LTE PUCCH repitition. Therefore, we propose that
Proposal 4: Repetition of two 1-symbol short PUCCHs is supported for both small and large payload at least for above 6GHz. 
In addition, if short PUCCH repetition is supported. Some other options can be considered for further reliability enhancement. For example, mapping the PUCCH resource index (e.g. the variable m in the process of resource determination defined in 36.211) to the actual time-frequency resource location (nPRB) symbol-specifically and/or slot-specifically to yield frequency diversity. This implies that the symbol index within a slot/slot number within a radio frame should contribute in determining the corresponding PRB index used in transmission. Among different symbols/slots, an NR-like frequency hopping scheme for 2-symbol PUCCH (Alt 1 or Alt 2 mentioned in the above subsection 2.2) can be used to decide the actual time-frequency resource location for short PUCCH with repetition. Simply, if Alt 1, just like that in LTE where PUCCH frequency hopping between two slots within one subframe. That is,

Where  denotes the symbol number within a slot.  represents the number of PRB of UE active UL BWP. For LAA scenario or short PUCCH with very large subcarrier space, this feature can be disabled by RRC configuration.
Generally speaking, comparing to short PUCCH over two OFDM symbols, repetition of 1-symbol PUCCH over two OFDM symbols has the same resource utilization and latency, can yield same frequency diversity by symbol-level resource mapping order hopping, while can enhance reliability by beam sweeping. So we make the following proposal based on the above analysis.
Proposal 5: In case of two 1-symbol short PUCCHs repetition, different resource or mapping order can be applied for the two 1-symbol PUCCH.
2.4. DMRS cyclic shift hopping for short-PUCCH with more than 2bits
For short-PUCCH over 2 OFDM symbols with more than 2-bit UCI, it’s agreed that the DM-RS density and pattern (i.e., the DM-RS locations) of 1-symbol PUCCH with UCI more than two bits are used for each symbol of the 2-symbol PUCCH. For 1-symbol PUCCH with UCI more than two bits, DMRS REs are evenly distributed within a PRB the RE index of {#1#4#7#10}. In addition, PN sequence as for PUSCH is used for the DMRS of PUCCH format 2. To randomize the inter-cell interference, it can be considered to support DMRS cyclic shift hopping for short-PUCCH over 2 OFDM symbols between different symbols/slots. Considering LAA scenario and UE capability, it can be enabled/disabled by high layer signalling. The details of hopping pattern can be aligned with that of sequence hopping for short-PUCCH with up to 2bits.
Proposal 6: For short PUCCH format 2 (large payload), DMRS cyclic shift hopping between different symbols/slots is supported
· The details of hopping pattern is the same as the sequence hopping for short PUCCH format 0.

3. Conclusion
This contribution discusses some considerations on structure design for short NR-PUCCH with more than 2-bit UCI. In summary, observations and proposals are made as follows:
Proposal 1: For 2-symbol short PUCCH (<2bits), sequence hopping is supported as the following
· Alt 1: Sequence hopping between the two symbols is always supported, 
· [bookmark: _GoBack]The 2nd symbol always use a different cyclic shift relative to the 1st symbol
· The sequence hopping for the 1st symbol according to the slot/symbol index is enabled/disabled by RRC
· Alt 2 : Sequence hopping between the two symbols is supported by RRC configuration
· The sequence transmitted in each symbol is according to the slot/symbol index
Proposal 2: Scrambling can be initialized by Cell ID, C-RNTI and slot number. 
Proposal 3: For 2-symbol short PUCCH, frequency hopping between two symbols is configurable by RRC signaling. And the resource used for 2nd hop is explicit indicated by gNB.
Proposal 4: Repetition of two 1-symbol short PUCCHs is supported for both small and large payload at least for above 6GHz. 
Proposal 5: In case of two 1-symbol short PUCCHs repetition, different resource or mapping order can be applied for the two 1-symbol PUCCH.
Proposal 6: For short PUCCH format 2 (large payload), DMRS cyclic shift hopping between different symbols/slots is supported
· The details of hopping pattern is the same as the sequence hopping for short PUCCH format 0.
References
[1] [bookmark: _Ref473620807]RAN WG1 Ad-Hoc #3 Chairman’s Notes.
[2] RAN WG1 #89 meeting Chairman’s Notes.

5/5
image2.wmf
RNTI

n


oleObject2.bin

image1.wmf
ë

û

(

)

(

)

RNTI

16

cell

ID

s

init

2

1

2

1

2

n

N

n

c

+

×

+

×

+

=


oleObject1.bin

