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1. Introduction
At the previous RAN1 meetings, UL control channel for NR were discussed and following agreements were made [1]:
	Agreements at RAN1#86bis:
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
Agreements at RAN1#86bis:
· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
· Further study on other possibilities is not precluded
Agreements at RAN1#87:
· 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
Agreements at RAN1#87:
· 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)
Agreements at RAN1#AH_NR:
· 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):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:
· Whether/how a UL data in the long UL-part can be extended until the end of the slots.
· Whether/how a UL data can be scheduled on the short-duration.


In this contribution, we further discuss the possible structure of split-symbols. The discussion about UL control channel (PUCCH) in short-duration suitable for small payload size (DMRS-based PUCCH vs. sequence-based PUCCH) is in our companion paper [2]. The discussion about PUCCH in long-duration is in our companion paper [3].

2. Split-symbols for PUCCH in short-duration
Split-symbols for PUCCH in short-duration would be useful to enable better processing timeline and DFT-s-OFDM waveform within 1-symbol duration [4]. One drawback of this structure is that the split-symbols with doubled subcarrier-spacing cannot realize less than 50% RS overhead and frequency-hopping cannot be enabled, as long as DFT-s-OFDM waveform is maintained. By allowing higher subcarrier-spacing for the split-symbols, RS overhead can be reduced linearly. Besides, if necessary, frequency-hopping within the 1-symbol duration can be realized while keeping the DFT-s-OFDM waveform.

3. Performance Evaluation
We conducted link-level simulation to see how the variations of subcarrier-spacing in the split-symbols impact the performance. As illustrated in Fig. 1, three types of split-symbols are considered; subcarrier spacing of 2x, 4x, and 8x with one RS symbol, resulting in RS overheads of 50%, 25%, and 12.5%, respectively. The performance metric is the required SNR for achieving the target performance requirements (A-to-N error probability <= 1%, N-to-A error probability <= 0.1%, and D-to-A error probability <= 1%). Detailed link-level simulation parameters are listed in Table 1. TBCC with 8-bit CRC is applied by taking into account the fact that the RS overhead reduction is specifically beneficial for high UCI payload case. In the evaluation, UCI payload size of 4 and 64 bits are assumed. The encoded UCI bits are rate-matched to fit with available REs per PUCCH. Antenna configuration of {1Tx, 2Rx (uncorrelated)} at 4GHz under EPA channel is assumed.
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Figure 1 Split-symbols for PUCCH in short-duration


Table 1 Simulation parameters
	Parameter
	Value

	Channel model
	EPA

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	SCS
	30kHz (For split-symbols (1/2))
60kHz (For split-symbols (1/4))
120kHz (For split-symbols (1/8))

	No. of UCI bits
	4, 64

	No. of PRBs
	4, 8, 16, 32, 64 PRBs (for 15 kHz SCS)
(Equivalent transmission bandwidth for each split-symbols)

	Antenna config.
	1 x 2

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real

	Encoding
	TBCC with 8-bit CRC

	Target requirement
	ACK-to-NACK error probability <= 1%
NACK-to-ACK error probability <= 0.1%
DTX-to-ACK error probability <= 1%

	Waveform
	CP-OFDM

	Number of subcarriers per PRB
	12



Figure 2 illustrates the required SNR for a given PUCCH transmission bandwidth with the 4 bits and 64 bits UCI payload size. From the evaluation results, it can be observed that split-symbols with 4x and 8x can offer better performance than that with 2x for both high and middle UCI payloads with any PUCCH transmission bandwidth under the evaluated channel environment. As subcarrier-spacing goes wider, ISI exceeding CP becomes stronger. However, reducing RS overhead offers better coding gain and hence better performance.
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a) UCI 4 bit
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b) UCI 64 bit
Figure 2 Required SNR for split-symbols for PUCCH in short-duration
From the above simulation results, we reached the following observation:
Observation:
· 4x and 8x split-symbols perform better than 2x split-symbols at 4GHz.
Based on the evaluation results, we propose the following:
Proposal:
· If split-symbols for PUCCH in short-duration are supported, consider the applicability of 4x and 8x split-symbols for high UCI payload case.

4. Conclusion
In this contribution, we discussed UL control channel for NR (NR PUCCH) in short-duration and proposed the following:
Proposal:
· If split-symbols for PUCCH in short-duration are supported, consider the applicability of 4x and 8x split-symbols for high UCI payload case.
Observation:
· 4x and 8x split-symbols perform better than 2x split-symbols at 4GHz.
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