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1 Introduction 
In the RAN1 NR AH#3 meeting, the following was agreed regarding DMRS of short duration PUCCH for more than 2 UCI bits:
· Confirm the following working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· 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

In addition, regarding encoding of CSI related UCI to be carried on short PUCCH, the following was agreed in the RAN1#90 meeting:
· For short PUCCH:

· Only single-slot reporting, no multiplexing of CSI parameters of a report in multiple slots

· Down select one of the following alternatives in RAN1 NR-AH3: 

· Alt. 1: RI/CRI/PMI/CQI jointly encoded

· Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding (to ensure the same payload irrespective of RI)
In this contribution, we discuss further detailed designs of the short duration PUCCH for more than 2 UCI bits. 
2 DMRS sequence
As agreed in the RAN1 NR AH#3 and captured above, NR short PUCCH for more than 2 UCI bits (PUCCH format 2) adopts PN sequence for DMRS. In LTE, TS 36.211 specifies a pseudo-random sequence generating function in Section 7.2 as a generic function [8] and any DL/UL channel/signal which needs a pseudo random sequence or number utilizes that function. This can apply in NR as well and a single PN sequence generating function can be defined and used for both PUSCH and PUCCH at least. However, it should be noted that the seed to initialize the random sequence is independently defined for each of the corresponding channels/signals, taking into account the required functionalities and features. The different initializations result in different PN sequences for the respective channels/signals and in implementation perspective, accordingly separate PN sequence generator blocks would be provided in the baseband.
Considering the NR deployment in mmWave carrier frequency bands, support of MU-MIMO for PUCCH in Rel-15 or later releases should be taken into account in the NR specifications. The Rel-15 specification should support or at least be extendible to support orthogonal MU-MIMO for PUCCH. This requires that the DMRS sequence initialization should not employ UE specific parameters such as C-RNTI and any UE specific ID which cannot be commonly used or shared among the UEs. As an example, orthogonal MU-MIMO can be supported through sharing the same PN sequence among the UEs and applying orthogonal cover codes on top of the PN sequence with each MU-MIMO UE applying a different OCC. In this regard, non UE specific parameters such as symbol index and (virtual) cell ID can be used in the DMRS PN sequence initialization and commonly applied among the UEs which share the same resource to transmit PUCCHs through orthogonal MU-MIMO.
Proposal 1 (DMRS sequence)
· PUCCH DMRS PN sequence employs the same sequence generating function as PUSCH DMRS PN sequence, and the sequence initialization is performed separately between PUSCH and PUCCH.

· PUCCH DMRS sequence is defined to support MU-MIMO in Rel-15 or later releases such that:
· PN sequence initialization employs parameters which can be commonly applied among the UEs such as symbol index, (virtual) cell ID, etc.

· OCC can be applied on top of the PN sequence to support orthogonal MU-MIMO.

3 Multiplexing

As each UCI subcarrier carries different encoded bits for the UCI within one symbol duration, there is practically no room to multiplex short PUCCHs from different UEs on the same PRB. Rather, multiple PRBs are required to transmit a single short PUCCH for up to moderate UCI payloads. Thus, it is reasonable that a short PUCCH for UCI of more than 2 bits occupies the whole PRB within a symbol and is not multiplexed with channels/signals from other UEs on the PRB.

From a single UE perspective, simultaneous transmission of long PUCCH and short PUCCH in a slot should be limited to TDM multiplexing on different symbols in a slot. If long PUCCH transmission extends up to the last symbol with short PUCCH for the same UE and is multiplexed in FDM manner with the short PUCCH, unacceptable IMD can be incurred due to the simultaneous transmission of the both PUCCH formats on different frequency resources. Moreover, in cases that the UE come to not have sufficient power to transmit the both PUCCHs, performance will be affected because the gNB receive would expect that the both PUCCHs would be received normally. This issue applies even when CDM of short PUCCH and long PUCCH is applied.
Proposal 2 (Multiplexing)
· Only TDM multiplexing of long PUCCH and short PUCCH from the same UE is supported if the simultaneous transmission in a slot is necessary.

· A short PUCCH occupies the whole PRB within a symbol and is not multiplexed with channels/signals from other UEs on the PRB.

4 Frequency resource allocation
An important issue of the short PUCCH transmission on non-contiguous PRBs is inter-modulation distortion (IMD) and this leads to decreasing the transmission power of short PUCCH to reduce the impact. The IMD issue is exacerbated with increasing the number of clusters of non-contiguous PRBs. Also, the support of the non-contiguous PRBs transmissions can increase the UE implementation complexity significantly to meet the RF requirements. Thus, it seems necessary that RAN4 studies the impacts of the short PUCCH transmission on non-contiguous PRBs and also the supportable number of non-contiguous PRB clusters. As agreed in the RAN1#90 meeting, the network can configure either contiguous or non-contiguous allocations of short PUCCH PRBs by higher layers, taking into account deployment scenarios, UE capability, etc. Some UEs of low capability may not be able to support non-contiguous PRB transmission with meeting IMD requirements. It seems worth prioritizing contiguous PRB allocations over non-contiguous allocation. For example, in RAN1 spec perspective, contiguous PRB allocation can be defined as a default configuration and be applied in all short PUCCH transmissions unless indicated otherwise.
Proposal 3 (Frequency domain allocation)
· Prioritization of contiguous PRB allocation to avoid/reduce IMD.
· e.g., contiguous PRB allocation is defined as a default configuration.

As agreed in RAN1#88bis meeting, a varying number of PRBs can be configured to support various UCI payload size for the short PUCCH. Depending on UCI feedback configurations and periodicity/offset of each UCI feedback for a UE, the UCI payload size to be carried on a short PUCCH can change slot by slot. Thus, a single number of PRBs for the short PUCCHs cannot be pre-configured, and rather the number of PRBs for the short PUCCH should be adjustable depending on the UCI payload size to be transmitted in the corresponding slot. 
In this regard, it seems reasonable that the number of PRBs to be used for short PUCCH transmissions is determined by a pre-defined rule as a function of UCI payload size in each slot in a dynamic manner. For cases that the minimum UCI payload size is a few information bits, the minimum number of PRB for the short PUCCHs can be a single PRB and the number of PRBs can increase with an increase in the UCI payload size accordingly. Also, if the gNB configures the number of PRBs for a certain CSI feedback, then the number of PRBs can be determined in accordance to increase in the UCI payload size in slots where combination of CSI and HARQ-ACK feedback or combination of multiple CSI feedbacks occur. 
Proposal 4 (PRB allocation)
· The number of PRBs is determined by a pre-defined rule as a function of UCI payload size in each slot.

5 Multiple UCI mapping

In this section, we discuss mapping and encoding of UCIs when the UE has to transmit HARQ-ACK and CSI jointly in a slot. In cases that the UE transmits a single UCI type, the UCI can be mapped on the UCI subcarriers of the short PUCCH in a straightforward manner. This also applies when the UE has to transmit different types of CSIs simultaneously in a slot, due to the agreement to jointly encode all the CSI types of UCIs, such as RI/CRI/PMI/CQI, in the RAN1#90 meeting. Similarly, in case that SR is configured in the slot where HARQ-ACK has to be transmitted on short PUCCH for more than 2 UCI bits, HARQ-ACK and SR can be jointly encoded into a single codeword, say HARQ-ACK/SR for the purpose of discussion in this section.
HARQ-ACK/SR and CSI usually have different performance requirements and accordingly coding rate for the two UCI types should be controllable separately. In this regard, separate encoding of HARQ-ACK/SR and CSI is desirable and repetition factors for the two UCI types can be separately configured by higher layers. Besides, as HARQ-ACK/SR should be more reliably detected at the gNB receiver in general, the HARQ-ACK/SR can be mapped around DMRS REs to support more accurate channel estimation at the receiver. Then, jointly encoded CSI symbols can be mapped on the remaining UCI REs. This also benefits in that HARQ-ACK/SR detection is not impacted by potential confusion of the CSI payload size to be carried on the short PUCCH. 

Proposal 5 (CSI and HARQ-ACK jointly on short PUCCH)
· Joint encoding of HARQ-ACK and SR in cases that SR is configured in the slot
· Joint encoding of CSI related UCI (RI/CRI/PMI/CQI) types (RAN1#90 agreement)
· Separate encoding and mapping of CSI type and HARQ-ACK/SR type
· HARQ-ACK/SR encoded symbols are mapped around DMRS REs
· CSI type encoded symbols are mapped on the remaining UCI REs.
6 Conclusion 

This contribution discussed remaining details of short PUCCH structure for more than 2 UCI bits. Based on the discussions, the followings are proposed:
Proposal 1 (DMRS sequence)
· PUCCH DMRS PN sequence employs the same sequence generating function as PUSCH DMRS PN sequence, and the sequence initialization is performed separately between PUSCH and PUCCH.

· PUCCH DMRS sequence is defined to support MU-MIMO in Rel-15 or later releases such that:

· PN sequence initialization employs parameters which can be commonly applied among the UEs such as symbol index, (virtual) cell ID, etc.

· OCC can be applied on top of the PN sequence to support orthogonal MU-MIMO.
Proposal 2 (Multiplexing)
· Only TDM multiplexing of long PUCCH and short PUCCH from the same UE is supported if the simultaneous transmission in a slot is necessary.

· A short PUCCH occupies the whole PRB within a symbol and is not multiplexed with channels/signals from other UEs on the PRB.
Proposal 3 (Frequency domain allocation)
· Prioritization of contiguous PRB allocation to avoid/reduce IMD.
· e.g., contiguous PRB allocation is a default configuration.
Proposal 4 (PRB allocation)
· The number of PRBs is determined by a pre-defined rule as a function of UCI payload size in each slot. 

Proposal 5 (CSI and HARQ-ACK jointly on short PUCCH)
· Joint encoding of HARQ-ACK and SR in cases that SR is configured in the slot
· Joint encoding of CSI related UCI (RI/CRI/PMI/CQI) types (RAN1#90 agreement)
· Separate encoding and mapping of CSI type and HARQ-ACK/SR type
· HARQ-ACK/SR encoded symbols are mapped around DMRS REs
· CSI type encoded symbols are mapped on the remaining UCI REs.
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