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Introduction
In RAN1 discussion, there are a lot of discussion on PUCCH transmission in UL short duration. There are certain scenarios for delay sensitive data to be transmitted on UL short duration. In this contribution, we express our views on Short PUSCH transmission in UL short duration.
Discussion
One of the key attractions for 5G NR system is to enhance throughput and reduce latency/turnaround time for both uplink and downlink.  In TDD system, the presence of UL short duration even in DL centric slot ensures that some critical delay sensitive information may be transmitted as soon as possible. Since the TCP throughput is inversely proportional to the TCP Round Trip Time (RTT), a fast transmission of the TCP ACK transmission in the uplink is important. Fast TCP ACK will also speed up the problem of TCP slow start. Consider a peak DL through 20Gbps, the maximum TCP ACK bits can be a few thousand bits per slot. These TCP ACK bits are not too large so it’s still possible to be transmitted in UL short duration. But we do need a different channel structure from short PUCCH to convey this information. 
Besides convey TCP ACK, other critical data with limited payload may be transmitted on short PUCCH as well. In user plane, URLLC traffic requires fast data transmission which requires data to be able to transmitted on short duration. In control plane, a fast transmission of RRC configuration can also greatly reduce turnaround time. For example, a fast msg3 on short PUSCH can speed up random access procedure. Furthermore, some L2 signaling including beam management, beam failure recovery, PHR, or BSR may also be transmitted in short duration for fast link status or scheduling update. 
Because the payload size is larger than that of short PUCCH which is expected to be no more than a few hundred bits, the short PUSCH design will also be different. The following table compare the difference between short PUCCH and short PUSCH.

Table 1 short PUCCH and short PUSCH comparison
	
	Short PUCCH more than 2 bits
	Short PUSCH

	Payload range
	3 to a few hundreds
	 a few hundreds to a few thousands

	modulation
	QPSK
	Higher modulation (e.g, QPSK, 16QAM, 64 QAM, 256QAM)

	Coding choice
	Reed muller, polar code
	LDPC

	DMRS ratio
	1/3, FFS others
	Lower DMRS ratio ( e.g., ¼)


The following figure shows one possible structure for 1 and 2 symbol short PUCCH with CP-OFDM based waveform. Figure 1.a shows the 1 symbol structure with FDM of DMRS and data symbols in frequency domain with DMRS ratio ¼. Figure 1.b shows the possible structure with 2 symbols. The RB resources allocated to the two symbols may be different. They can be either different in positions or in number of RBs. The RB resources may also be same or partially overlap. For the overlapped RBs, the DMRS tones for the two symbols may be shared so the DMRS ratio may be reduced. For example, the DMRS tones may be transmitted in the first or second symbol only. For non-overlap RBs, the DMRS tones follows 1 symbols design. The allocated resources may also be multiplexed with other short PUCCH or SRS. Figure  1.c illustrates an example with short PUSCH multiplexed with SRS from a different UE with different combs. Due to possibly large PSD difference between short PUSCH and SRS, simultaneous transmission of short PUSCH and SRS from the same UE similar to Figure 1.c should be avoided. To have best performance, joint coding is applied to the two symbols with rate matching around any resources within the allocated bandwidth assigned to other channels, e.g., SRS combs. 
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Figure 1. CP-OFDM based short PUSCH design with 1 and 2 symbols

To improve the coverage of short PUSCH, we may also use DFT-s-OFDM based short PUSCH with pre-DFT TDM of RS and data. With virtual TDM because of the following advantages over other options. 
1. With DMRS and UCI multiplexed before DFT, DFT-S-OFDM waveform can be applied for PUCCH, which improves the PUCCH coverage for link budget limited UEs.  

1. Contiguous PRB allocation with option 6 (pre-DFT TDM RS/UCI) can have small MPR, better channel estimation quality, better frequency selective scheduling gain over option 1 (FDM RS/UCI) with non-contiguous PRB allocation. 

The proposed scheme multiplexes data and reference signal within one symbol duration by virtual TDM. The time domain signal before DFT-spread and the transmitter block diagram is shown in the following figure. The details of the transmitter and the receiver algorithms please refer to [1].
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In summary, there are different use cases where come critical small payload data needs to be transmitted as soon as possible. We need to consider transmit these critical data on short PUSCH in UL short duration. Since short duration may have one or two symbols, we should have short PUSCH design spanning one or two symbols as well. It should also be further studied whether MIMO or additional transmit diversity should be supported for short PUSCH. We therefore make the following proposal:
Proposal 1: Consider transmit delay sensitive small data on short PUSCH in UL short duration. 
· Short PUSCH may span 1 or 2 symbols.
· Consider both CP-OFDM and DFT-s-OFDM waveforms
· FFS MIMO and diversity support
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In this document, we discuss transmitting delay sensitive small data on short PUSCH in UL short duration. The possible use cases include, faster TCP ACK to speed up TCP slow start, URLLC traffic, RRC signaling (e.g., MSG3), or L2 signaling (e.g., beam management, beam failure recovery, PHR, BSR, UCI). The short PUSCH may spans 1 or 2 symbols. For 2-symbol design, the RB resources may be different between the two symbols. In some cases, the RB resources may be the same or partially overlapped. DMRS sharing should be considered for partially or fully overlapped cases. Furthermore,  some of the resources may be assigned to other channel e.g., SRS separated combs. Joint coding is applied to both symbols with rate match around any resources assigned to other channels within the allocated bandwidth. Both CP-OFDM and DFT-s-OFDM waveforms should be considered for short PUSCH.  
We therefore have the following proposal:
Proposal 1: Consider transmit delay sensitive small data on short PUSCH in UL short duration. 
· Short PUSCH may span 1 or 2 symbols.
· Consider both CP-OFDM and DFT-s-OFDM waveforms
· FFS MIMO and diversity support
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