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Introduction
Regarding PUCCH with short duration, the following has been agreed: 
Agreements: [1]
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.

· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with	 SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

Agreements: [2]
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently

· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

[bookmark: _GoBack]Agreements: [3]
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):

·  For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration

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

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.
· Option 2: RS and UCI are multiplexed by TDM manner.
· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case
· Option 5: Sequence based design with RS only for small payload size case
· Option 6: Pre-DFT multiplexing in one or both symbol(s)
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting
	
In this contribution we describe designs for two-symbol short PUCCH given the made agreements. Given two symbols for short PUCCH one can think of different PUCCH channel structures, each of which having their individual pro’s and con’s. In this paper we list several design options for two-symbol PUCCH and state our preference.
Discussion
DFTS-OFDM without frequency-hopping
In [4] a split-symbol design for PUCCH has been proposed where the first split symbol carries DM-RS and the second split symbol carries UCI. Since the DM-RS can be transmitted without having finalized the DL date decoding this gives the UE a half-symbol extra decoding time. This time can be very important to enable HARQ feedback of DL data at the end of the same slot interval.
The ideas can be better applied to the two-symbol PUCCH. As illustrated in Figure 1, two regular-sized OFDM symbols are used. The advantage w.r.t. providing the UE with extra decoding time is even larger than in the proposal in [4] since the extra time is now one complete symbol duration. 
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[bookmark: _Ref473724682]Figure 1:	First symbol carriers DM-RS and second symbol carries UCI.
Since each symbol only carriers either DM-RS or UCI it is easy to design a low-PAPR scheme by using low-PAPR waveform for DM-RS and DFTS-OFDM for data. The separation of DM-RS and UCI in different symbols leads to a fixed 50-50 resource split between DM-RS and UCI which is probably sub-optimum across a wide payload range. 
Frequency hopping is not supported since the UCI subcarriers (second symbol) must cover the same frequency range as the DM-RS (first symbol).
OFDM without frequency-hopping
Here the first symbol carries DM-RS and UCI while the second symbol carriers only UCI. UCI included in the first symbol is CSI (which is easily available) and potentially HARQ feedback relating to code blocks which have already been decoded by the time the first UL symbol is prepared. The second symbol carries HARQ feedback of all or the remaining code blocks which decoding was not finished in time to be transmitted in first symbol and also CSI. The design is illustrated in Figure 2. 
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[bookmark: _Ref473725407]Figure 2: The first symbol carries DM-RS and CSI. The second symbol carriers HARQ feedback and CSI.
The easiest way to implement multiplexing of DM-RS and UCI in the first symbol is to use OFDM (and thus also for the second symbol) waveform.
This scheme provides a UE with additional time to finalize its DL data decoding at the cost of higher PAPR (assuming OFDM) and no frequency-hopping. This scheme can be seen as a generalization of our OFDM proposal for one-symbol PUCCH [5] to two-symbol case.
OFDM with frequency-hopping
Each symbol carries DM-RS and UCI which are multiplexed using OFDM. The extra DM-RS in the second symbol enables frequency hopping. To harvest the offered frequency-diversity, encoded UCI must be mapped to both first and second OFDM symbol which does not give extra decoding time to the UE. All UCI must be available at the beginning of the two-symbol short PUCCH. DM-RS density can be adjusted for different UCI payloads by assigning different amounts of RE to DM-RS and UCI. The PAPR is as normal OFDM waveform. 
In LTE the transient time for intra-subframe frequency-hopping is 2x20 µs. RAN1 sent an LS to RAN4 requesting more information on short transmissions but for the meantime assumes sufficiently short transient times. Therefore, we assume transient times will only impact a short time of each symbol resulting in marginal or negligible performance degradation. 
Summary Comparison
Table 1 lists the pros and cons of the discussed schemes. From Table 1 can be seen that all schemes score positively in two out of the four metrics. However, we believe extra decoding time for the UE to enable HARQ feedback in the same slot and the potential performance improvements of frequency-hopping are important. Therefore, OFDM with and without frequency hopping should be considered as candidates for two-symbol PUCCH. 
[bookmark: _Ref473727054]Table 1:	Comparison of the discussed PUCCH schemes
	
	DFTS-OFDM without frequency-hopping
	OFDM without frequency-hopping
	OFDM with frequency-hopping

	PAPR
	Low (+)
	High (−)
	High (−)

	DM-RS flexibility
	Low (−)
	High (+)
	High (+)

	Frequency-hopping
	No (−)
	No (−)
	Yes (+)

	Extra decoding time
	Yes (+)
	Yes (+)
	No (−)



Conclusion
In this paper we share our view on two-symbol PUCCH. In particular, the following is proposed:
Proposal 1: Consider OFDM with and without frequency-hopping for two-symbol PUCCH. 
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