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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design of 1-symbol NR-PUCCH for up to 2 bits UCI payload, some agreements during RAN1 #90bis meeting are as follows [1],
Agreements:
· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits

Agreements:
· For HARQ-ACK transmission using short PUCCH for up to 2 bits
· In case of 1-bit HARQ-ACK only: 
· The distance between the two cyclic shifts within a PRB is 6
· In case of 2-bit HARQ-ACK only
· The distance between any two adjacent cyclic shifts within a PRB is 3 
· In case of 1-bit HARQ-ACK & SR (positive or negative)
· FFS
· In case of 2-bit HARQ-ACK & SR (positive or negative)
· FFS
Agreements:
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements:
· In addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot 
· FFS whether or not such a configuration is conditioned on non-slot based operation 

Agreements:
· The sequences on slide 4 in R1-1718949 are adopted as the set of length-12 base sequences for short PUCCH for up to 2 bits and DM-RS for long PUCCH for UCI of up to 2 bits

[bookmark: OLE_LINK1]Agreements:
· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
In this contribution, remaining issues on short-PUCCH as well as our views are provided based on the agreements. This is contribution is an update of R1-1717489.
2. Remaining issues on short PUCCH up to 2-bit UCI 
2. PUCCH sequence assignment to UCI bits
It was agreed  that the distance between the two cyclic shifts within a PRB is 6/3 respectively for 1/2bit HARQ-ACK only transmission. In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time. But there is no consensus on simultaneous transmission of HARQ-ACK and SR. What’s more, it’s agreed at NR ad-hoc #3 that for simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used. For simultaneous transmission of HARQ-ACK 2 bits and 1-bit positive SR, there are different alternatives to be considered,
· [bookmark: OLE_LINK11]Alt. 1:  addtional RB resource is reserved for SR transmission
· Alt. 2 : addtional cyclic shift resource is reserved for SR transmission within one RB or in differernt RBs without information compression.
· Alt. 3: addtional cyclic shift resource is reserved for SR transmission with information compression. 
For Alt.1, it is similar to that of LTE, SR resource is configured by RRC signallings and UE indicates positive SR or negative SR via RB selection, thus only 4 sequences are needed for 2bit HAR-ACK feedback within one PRB; For Alt. 2, total 8 sequences are reserved as two groups and one group (4 sequences) can be chosen according to SR state (e.g., positive SR or negative SR) . The question is, the maximum number of available cyclic shifts within one PRB is 12, 8 cyclic shifts are needed in this option for 2bit HAR-ACK and  1-bit SR, thus the minimum shift distance between two different states is 1 if all states are transmitted within one PRB, which may be insufficient in fading channel with moderate or high delay spread. To solve this problem and for more efficient resource utilization, some companies such as [2-4] proposed to compress the states by HARQ-ACK bundling. However, HARQ-ACK bundling has nagative effect on downlink throughtput, which can be negligible in DL serveice heavy case.
Proposal 1: For the simultaneous transmission of HARQ-ACK 2 bits and positive SR, we support RB and/or CS selection for A/N+SR without information compression.
2. Inter-cell interference randomization
In LTE, there are many methods to randomize 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 to supported 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 short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots and hopping pattern is at least based on a configurable ID. In our opnion, details of the hopping pattern can be similar as that of group hopping in LTE. In addition, LTE supports per slot per symbol cyclic shift hopping for inter-cell interference randomization. In NR, different cyclic shifts represent differnt HARQ-ACH states of different UEs. Cyclic shift randomization in different slots/symbols can make one hypothesis doesn’t face constant interference from the same hypothesis from another UE and is beneficial to alleviate the degradation of DTX detection performance[5, 6]. This can be accomplished via two approaches, that is,
1) HARQ-ACK states mapping order randomization/hopping in different symbols/slots
· For example, in a slot HARQ ACK(1)/NACK(0) is mapped to CS(0)/CS(6), while mapped to CS(6)/CS(1)  in another slot
2) Intial cyclic shift randomization/hopping in different symbols/slots
· For example, in a slot HARQ ACK(1)/NACK(0) is mapped to CS(0)/CS(6), while mapped to CS(1)/CS(7)  in another slot. 
Meanwhile, there are two noteworthiness. Firstly, for 2-symbol PUCCH, it’s agreed at RAN1 #90bis meeting that for two-symbol short-PUCCH with up to 2-bit UCI, sequence hopping between the two symbols is supported, which may inculde base sequence hopping or cyclic shift hopping. In our view, base sequence hopping shold be only supported in slot-level, while cyclic shift hpping should be supported in symbol-level. Symbol-level cyclic shift hopping for short PUCCH is consistent with the agreements of 2-symbol PUCCH. However, 2-symbol short PUCCH is in the form of repetition of a 1-symbol short PUCCH, gNB will yield better detection performance via combining two sequences if there is no sequence hopping between two symbols. Moreover, in LAA case, per symbol cyclic shift randomization will complicate UE’s implementation since UE needs to LBT before send PUCCH and if the channel is busy, UE will LBT again until detect clean channel. Given those factors, we propose to enabled/disabled cyclic shift randomization in different slots/symbols by RRC signaling.
[bookmark: OLE_LINK5]Proposal 2: Cyclic shift randomization/hopping in different slots/symbols should be supported for short PUCCH with up to 2-bit UCI by RRC configuration.
2. Symbol timing of short PUCCH transmission
It’s agreed at RAN1 #90bis meeting that in addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot and FFS whether or not such a configuration is conditioned on non-slot based operation. In our view, short PUCCH is designed for faster RTT which should have more chance to transmit rather than limited at a given position of a slot. In FDD symstem, there is no need to limit uplink transmission whatever in slot-based operation or non-slot based operation, since for both slot-based and non-slot based PDSCH scheduling, the short PUCCH for HARQ-ACK can be scheduled at the earliest timing which fullfills the PDSCH processing time, thus reduce the feedback latency. Therefore, at least for FDD system, short PUCCH transmitted at any UL symbol of a slot should be supported. If so, it’s likely that short PUCCH and long PUCCH will be collided at the same time. In addition to FDM between short and long PUCCH, PUCCH in comb structure provided in [7] can be considered to deal with this issue. 
In addition, it should be clarified that the additional short PUCCH resources is for 1-symbol short PUCCH only or is for both 1-symbol and 2-symbol short PUCCH. In our view, it should be indiscriminate for short PUCCH whatever 1-symbol or 2-symbol.
[bookmark: OLE_LINK8]Proposal 3: At least in FDD, for both slot-based and non-slot based scheduling, short PUCCH resources can be configured in any symbol of a slot.
· Both for 1-symbol short PUCCH and 2-symbol short PUCCH
3. Conclusion
Proposal 1: For the simultaneous transmission of HARQ-ACK 2 bits and positive SR, we support RB and/or CS selection for A/N+SR without information compression.
Proposal 2: Cyclic shift randomization/hopping in different slots/symbols should be supported for short PUCCH with up to 2-bit UCI by RRC configuration.
Proposal 3: At least in FDD, for both slot-based and non-slot based scheduling, short PUCCH resources can be configured in any symbol of a slot.
· Both for 1-symbol short PUCCH and 2-symbol short PUCCH
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