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1	Introduction
Rel-14 NR study item ‎[1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology ‎[2] has been approved. The work item targets to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in‎[3]. The NR under this work item considers frequency ranges up to 52.6 GHz.
This contribution relates to short PUCCH design in NR. In the previous RAN1 meetings, the following agreements related to short PUCCH for UCI more than 2 bits were made‎[4]-‎[7]:
Agreements‎[4]: For a given UCI payload, short-PUCCH is designed such that:
· UE multiplexing capacity can be less than that of long-PUCCH
· Performance including at least the following:
· Frequency-diversity
· Interference-diversity
· PAPR/CM and emission
· RS overhead
· Interference randomization should be enabled
·  For more than 2 UCI bits, strive for scalable design with short-PUCCH 
Agreements‎[5]: For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
Agreements‎[5]: For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
Agreements‎[6]:
· 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
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation
Agreements ‎[7]:
· 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.
· 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 ‎[7]:
· 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 focus on the short PUCCH format for UCI payloads from a few bits to at least tens of bits. We provide our views related to short PUCCH format for small payload and to 2-symbol short PUCCH design in companion contributions ‎[8] and ‎[9], respectively.
2.  Discussion
2.1.  On DMRS details 
There are lot’s of similarities between NR PDCCH and NR short PUCCH design for UCI of more than 2 bits. Both channels are based on CP-OFDM with FDM between DMRS and actual control information. Based on that, it makes sense to maximize the similarity between PDCCH DMRS and PUCCH DMRS. This could be beneficial e.g. in certain cross-link interference scenarios between short PUCCH and (mini-slot) PDCCH. In RAN1#90 ‎[7], there was a working assumption that the DMRS are evenly distributed within an RE. We would like to confirm this working assumption.
Proposal 1: Confirm working assumption from RAN1#90:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
  
There are three possible shift values for the starting RE for DMRS, 0, 1 or 2. Having a shift value of 1 as shown in Figure 2, creates a balanced structure, this can enhance performance. The benefit of having a shift of 0 or 2 for the DMRS REs, is that it makes all UCI REs come in groups of 2, which is beneficial for transit diversity with SFBC encoding in a frequency selective channel. However, as the transmit diversity scheme for short PUCCH is it open, we should not optimize the design for that case. It should be noted that the propose DMRS structure in Figure 2 is based on the same structure proposed also for PDCCH ‎[10]. The proposed structure supports two orthogonal DMRS ports to be used for MU-MIMO or SU-MIMO scenarios (depending on the actual Tx diversity scheme defined for short PUCCH). As shown in [10] CDM and FDM with the same DMRS overhead perform equally. On the other hand, in order to minimize the specification impact of orthogonal DMRS ports, it makes sense to use CDM as the multiplexing scheme between DMRS antenna ports (for both PDCCH and short PUCCH for UCI of more than two bits). Based on the discussion above, we make the following proposal:
Proposal 2: 	Adopt DMRS stucture shown in Figure 2 for short PUCCH for UCI of more than two bits
Proposal 3:	Support two orthogonal DMRS ports for short PUCCH for UCI of more than two bits. Support CDM as multiplexing scheme between orthogonal DMRS ports.
[image: ]
Figure 2. DMRS allocation for short PUCCH
2.2.  SR with short PUCCH for UCI of more than 2 bits
One of the open issues related to short PUCCH is how to convey scheduling request when SR occurs in the same symbol/slot with other UCI such as HARQ-ACK and/CSI transmitted on the short PUCCH. This kind of scenarios are well known also in LTE. In LTE, when SR occurs in same subframe with UCI using PUCCH Format 3, 4 or 5, SR bit is appended as one bit to the end UCI payload before encoding and modulation.
We see that it’s natural to reuse the LTE solution also with the short PUCCH supporting UCI of more than 2 bits. In other words, SR bit is appended to the end UCI payload before encoding and modulation when SR occurs in same slot/symbol with short PUCCH for UCI of more than 2 bits. We propose in ‎[11] the same solution also for long PUCCH supporting UCI of more than 2 bits, which provides simplicity in the system design.   
Proposal 4: 	SR bit is appended to the end UCI payload before encoding and modulation when SR occurs in same slot/symbol with short PUCCH with UCI payload more than 2 bits.
2.3.  Interference randomization for short PUCCH
Efficient inter-cell randomization is an important aspect of control channel design. Control channel should provide robust performance under varying interference conditions, as the control channel payload (HARQ ACK, scheduling request, CSI) is latency critical and hence cannot benefit from e.g. HARQ. Correspondingly, it was agreed in RAN1#88 [4] that “for a given UCI payload, short-PUCCH is designed such that […] interference randomization should be enabled […]”.
LTE supports several, randomization mechanisms that can also be used to randomize inter-cell interference. Randomization solutions defined in LTE include data scrambling, sequence hopping, and hopping of the cyclic shift of spreading sequence or data sequence. From these, only data scrambling and sequence hopping or scrambling (depending on the sequence design) are reasonable options for short-PUCCH for UCI of more than 2 symbols. On the other hand, as we discuss in [8] for 2-symbol short PUCCH, it may be only few of the UEs on neighbouring cells that cause significant interference to the detection of UL control channel. The drawback of the mentioned approaches is that an UE causing significant interference keeps interfering the transmission from the same victim UE throughout the transmission, and frequently also in the following transmissions. Although the gNB has some flexibility to select short PUCCH resource via ARI-based mechanism, there seems to be a need also for randomization between short PUCCH resources among neighbouring cells. This can be based e.g. on the cell-specific pseudo-random hopping or variation of short PUCCH resource units between transmissions.
Proposal 5: Support data scrambling with short PUCCH for UCI of more than 2 bits  
Proposal 6: Consider cell specific hopping between PUCCH resource units. 
2.4	PRB allocation size
One of the open issue for short PUCCH with a UCI payload having more than 2 bits is the PRB allocation size. For this PUCCH format, the payload can vary from 3 bits to 10’s of bits. Each PRB has 8 UCI REs, and hence can carry 16 UCI encoded bits with QPSK modulation as agreed in an earlier meeting ‎[5]. Table 1 shows the code rate assuming different UCI payload size (from 3 bits to 50 bits), and different PRB allocation size. Based on the information shown in Table 1 we propose that the PRB allocation size for short PUCCH with UCI payload larger than 2 bits is between 1 and 8 PRBs. If larger UCI payloads are carried by short PUCCH further study is required to determine if the PRB allocation size should exceed 8 PRBs.
Proposal 7: For short PUCCH with UCI payload larger than 2 bits, the PRB allocation size is configurable between 1 and 8 PRBs.
[bookmark: _Ref492397131]Table 1: Code rate for different UCI payloads with different PRB allocation size.
	UCI Payload
	Number of PRBs
	Code rate with 1 symbol Short PUCCH
	Code rate with 2 symbols Short PUCCH

	3
	1
	~1/5
	~1/10

	25
	8
	~1/5
	~1/10

	50
	8
	~1/2.5
	~1/5



2.5	DMRS sequence for short PUCCH with more than two UCI bits
In RAN1#90, two options are considered for the DMRS sequence of short PUCCH with more than 2 bits:
· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence

We propose to follow option 1, i.e. using PN sequences. This is similar to the PUSCH DMRS sequence with CP-OFDM.
Proposal 8: For short PUCCH with UCI having more than 2 bits the DMRS sequence is a PN sequence.
3.  Conclusions
[bookmark: _GoBack]In this contribution we have investigated short PUCCH design aspects for new radio in the scenario with UCI payload of more than 2 bits. Based on the discussion, we make the following proposals:
Proposal 1: Confirm working assumption from RAN1#90:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
Proposal 2: 	Adopt DMRS stucture shown in Figure 2 for short PUCCH for UCI of more than two bits.
Proposal 3: 	Support two orthogonal DMRS ports for short PUCCH for UCI of more than two bits. Support CDM as multiplexing scheme between orthogonal DMRS ports.
Proposal 4: 	SR bit is appended to the end UCI payload before encoding and modulation when SR occurs in same slot/symbol with short PUCCH with UCI payload more than 2 bits.
Proposal 5: 	Support data scrambling with short PUCCH for UCI of more than 2 bits  
Proposal 6: 	Consider cell specific hopping between PUCCH resource units. 
Proposal 7:	For short PUCCH with UCI payload larger than 2 bits, the PRB allocation size is configurable between 1 and 8 PRBs.
Proposal 8: For short PUCCH with UCI having more than 2 bits the DMRS sequence is a PN sequence.
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