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Introduction
There are two important topics in the area of UL data transmission procedures. The first topic is the short PUSCH design, which has not been discussed in RAN1 extensively yet. The second topic is the SR design for NR eMBB and URLLC services.
firstly, similar to short 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.
secondly, SR for NR is discussed in this contribution. In LTE, scheduling request (SR) plays an important role in uplink data transmissions. UEs, when having new uplink data, send SR to the eNB. eNB provides uplink grants which are used by the UEs to transmit buffer status report (BSR). After receiving BSR, eNB provides another uplink grant for UEs to send actual data. Schedule requests are configured by offset, periodicity, and prohibit timer among other parameters, determining how ofen UEs can transmit SR to request uplink resources. In 5G NR, eMBB services can use the SR mechanism in LTE as a baseline. This contribution discusses the use of SR for eMBB service in sub6 Ghz and mmW. The possible enhancements of SR to enable uplink URLLC is also discussed. 
Short PUSCH
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
	Can support all modulation orders (e.g, QPSK, 16QAM, 64 QAM, 256QAM)

	Coding choice
	Reed muller, polar code
	LDPC

	# symbols
	1 or 2 
	1 or 2



Figure 1 shows one possible structure for 1-symbol short PUCCH with CP-OFDM based waveform. Figure 1 shows the 1- symbol PUSCH with FDM of DMRS and data symbols in frequency domain. The DMRS sequence and pattern can reuse DMRS of PUCCH format 2 (short PUCCH with more than 2 bits payload). 

                                                                    
[bookmark: _Ref471549674][bookmark: _GoBack]Figure 1: CP-OFDM based 1-symbol short PUSCH 

To support simultaneous short PUCCH and short PUCCH transmission from the same UE, TDM is a reasonable solution, as shown in Figure 2.  An important use case for TDM 1 symbol short PUCCH and 1 symbol short PUSCH is simultaneous TCP-ACK and PHY-ACK feedback for delay sensitive downlink data such as URLLC. 


[bookmark: _Ref492805499][bookmark: _Ref498528608]Figure 2: TDM 1-sym PUCCH and 1-sym PUSCH from the same UE
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 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 is given in [1].
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[bookmark: _Ref478050957]Figure 3: DFT-s-OFDM based short PUSCH with virtual TDM  of DMRS and data
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: Support transmit 1-symbol short PUSCH in the last or the second last symbol in a slot. 
Proposal 2: At least support CP-OFDM waveform for 1-symbol short PUSCH. Consider support DFT-S-OFDM waveform for 1-symbol short PUSCH.
Proposal 3: For CP-OFDM based 1- symbol short PUSCH, reuse DMRS pattern and DMRS sequence of short PUCCH format 2 or PUSCH with non-slot based scheduling. 
Proposal 4: Support TDM 1 symbol short PUSCH and 1 symbol short PUCCH in the last two symbols in a slot.
PRACH-like SR transmission for mmW
The RAN1#89 agreement allows two mechanisms for BFRR: 
(a) Based on PRACH and FDM-ed with PRACH, and 
(b) based on PUCCH. 
Taken together, these already meet the RAN1#88 agreement to define mechanisms for BFRR transmission both in the same time-instances as PRACH (obeyed by (a)) as well as in different time-instances from PRACH (obeyed by (b)). However, whether the PUCCH in (b) uses beam-sweeping is still FFS. If PUCCH does not use beam-sweeping, and if SR can only be sent on PUCCH or using the BFRR signals as in (a) or (b), then the latency requirements on the SR may not always be met.  Hence we propose that at least one of the following should be supported: (1) PUCCH carrying SR can be beam-swept, (2) Allow SR transmission in non-contention-based RACH-like slots that are distinct from the RACH slots. Further, the same considerations apply to BFRR as well as SR. In the following, we elaborate further on the motivation for this proposal.
Low latency is one of the salient features of NR, and hence NR should support low latency between data arrival at UE’s uplink buffer and opportunity for UE to transmit SR. To maximize such opportunities, SR may be opportunistically bundled with other UCI (such as Ack). However the timing of these opportunities (i.e, of the other UCI such as Ack) is generally unpredictable and thus unreliable when trying to ensure low latency. So some periodic reservation of SR resource is required. This can be done via periodic PUCCH resource. However, SR-only transmission is via on-off keying, and after prolonged inactivity, the PUCCH beam for SR transmission may be suboptimal or otherwise unreliable. This could be mitigated to some extent by multi-beam PUCCH operation, but even in that case, all the configured beams may gradually drift or become unreliable. One solution would be to periodically train the beams, but this incurs training overhead. Thus a more natural solution is to choose beams that are QCLed with downlink signals that are periodically transmitted and beam-swept. The SS beams are thus a natural candidate for this. Using SS beams for this purpose implies a non-contention based PRACH-like transmission of SR. 
This non-contention based PRACH-like transmission can be done in RACH slots via FDM/TDM/CDM with other PRACH resources. However, as per RAN1#88 agreement, the periodicity of RACH slots should be considered in configuring BFRR transmission in slots other than RACH slots. The same consideration applies to SR as well. Limiting PRACH-like transmission of SR to RACH slots may not guarantee the desired low latency for SR. We could solve this by increasing RACH periodicity, but that would cause unnecessary system overhead, as RACH resources also support contention-based access and the high periodicity may be unnecessary for those resources. Thus, we see the need for non-contention based PRACH-like SR transmission in RACH-like slots that are distinct from RACH slots. Further, all the above considerations apply to BFRR as well as SR. Just as described for SR, it is desirable to have both robust beams for BFRR transmission as well as low latency between detecting beam failure and transmission of BFRR.
Allowing SR/BFRR on beam-swept PUCCH, where the beams swept are QCLed with SS beams, provides virtually identical functionality to the PRACH-like SR/BFRR transmission as motivated and described above. The differences would only be in the details of the signaling, i.e., whether the physical transmission resembles that of PUCCH or that of PRACH. This may be further studied, but at least one such signaling mechanism is essential to ensure reliability and low latency. 
Summarizing the above discussion, we arrive at the following proposal:  
Proposal 5: NR supports SR and BFRR transmission in slots other than RACH slots, in a non-contention based PRACH-like manner.
Scheduling request for grant-based and grant-free uplink URLLC
In general, first HARQ transmissions of UL URLLC packets can be either grant-based or grant-free. The SR mechanism is naturally needed for the grant-based scheme. In [2], it is shown that, even in grant-free URLLC, sending SR together with uplink data from UEs that are not power-limited is very helpful to assist their blind detection of the presence of grant-free uplink transmissions, since blind detection of DMRS may be challenging.
One criticism of supporting SR in grant-based URLLC is that SR reduces the delay budget for the actual URLLC data transmissions. In [3], it is shown that, under the strigent 1ms latency requirement, there is still enough time to have multiple HARQ retransmissions after SR is detected by the gNB.
Broadly speaking, although the 1ms user-plane latency for URLLC has been agreed in 3GPP, we can envision that 5G will support various URLLC use cases, including robotics, industrial automation, autonomous vehicles, smart grid monitoring, medical procedures, etc, which may have different latency and reliability requirements. For those URLLC services that have slightly relaxed delay requirements, it is more beneficial to provide grant-based transmissions as a baseline, which are more spectrally efficient and support collison-free resource allocation.
Proposal 6: Grant-based schemes and SR mechanisms should be supported for UL URLLC in 5G NR.
[bookmark: _Ref471634189]Issues and solutions for scheduling request in URLLC
BSR reporting
In the hand-shaking procedure from UE’s sending scheduling request to UE’s receiving uplink data grant, the transmission and processing of BSR could take tens of milliseconds to complete because it belongs to MAC-layer procedures. It easily violates the 1ms latency requirement of URLLC. Hence, there can be a new L1 method to convey the buffer status information from UE to gNB in the case of URLLC. In particular, we should consider the possibility that the SR procedure can skip the BSR reporting step in LTE, and UE can use the UL grant gNB sends in response to SR to transmission uplink data.
Observation 1: The transmission and processing of BSR in LTE’s SR procedure could take tens of milliseonds to complete, which violateds the 1ms latency requirement of URLLC.
Observation 2: 5G NR could consider new L1 methods to convey the buffer status information from UE to gNB.
SR periodicity and prohibit timer
Under a given periodicity of SR, a new URLLC packet needs to wait half the SR period on average between its arrival to the PHY/MAC layer at the UE and the SR transmission. To satisfy the low latency requirement of URLLC, the SR periodicity needs to be chosen sufficiently small to minimize its delay overhead. Similarly, the prohibit timer for URLLC SR should be chosen sufficiently small as well. In LTE, the minimum SR periodicity is 1ms, which is too large for URLLC services. RAN1 should consider supporting minislot-level SR periodicity in PUCCH to enable UL URLLC.
Observation 3: The SR periodicity and prohibit timer for URLLC should be chosen sufficiently small to minimize the delay overhead. RAN1 should consider supporting minislot-level SR periodicity in PUCCH to enable UL URLLC.
The duration of SR transmission
Since the scheduling and transmissions of URLLC packets are minislot-based, the duration of SR transmission can also be minislot-based to reduce the latency overhead of SR. In the case that reliability is affected in short SR transmissions, we could consider TTI-bundled PUCCH to transmit long SR to achieve higher SR reliability at the cost of delay overhead. Another advantage of long SR transmission is that more orthogonal SR transmissions are allowed in the frequency domain, increasing the trunking efficiency of SR.
Observation 4: The duration of SR transmissions for URLLC should be carefully considered to strike a good balance between high SR reliability and high SR capacity.
Multiple-configuration and multi-bit SR
To support SR for multiple services, SR design in 5G NR may need to convey more information (which service has new data to transmit? buffer status?) than LTE SR, which only indicates the existence of SR. This can potentially be done by two options: (i) using multi-bit SR, or (ii) using the location of SR resources (time, frequency, code) to convey the information. For both options, it’s important to evaluate their resource requirements to achieve high reliability and the impact on the overall SR capacity (i.e., how many UEs can transmit SR at the same time using orthogonal or non-orthogonal resources, and how to performance collision resolution in the latter case).
Observation 5: To support SR for multiple services, we may consider that SR can carry more information based on multiples bits or multiple resource configurations. The final design should be based on careful performance evaluation to balance between high SR reliability and high SR capacity.
SR turnaround time
For UL URLLC, even if SR periodicity and prohibit timer for a UE are carefully chosen, it is possible that gNB delays the transmission of UL grant (e.g., when gNB experiences temporarily high loading), which induces high delay overhead and may trigger unnecessary SR retransmissions when prohibit timer expires. One solution to this problem is for the gNB to send some indication of SR reception indication to the UE as soon as possible, e.g., in the form of empty grants. In general, the turnaround time between SR and first UL grant should be minimized to reduce the delay overhead for URLLC services.
Observation 6: The turnaround time between SR and first UL grant should be minimized to reduce the delay overhead for URLLC services.
Conclusion
In summary, we discussed the SR mechanism and its possible enhancement for URLLC services. The coexistence of multiple SR configurations to support multiple services is also discussed. We have the following observations and proposals.
Proposal 1: Support transmit 1-symbol short PUSCH in the last or the second last symbol in a slot. 
Proposal 2: At least support CP-OFDM waveform for 1-symbol short PUSCH. Consider support DFT-S-OFDM waveform for 1-symbol short PUSCH.
Proposal 3: For CP-OFDM based 1- symbol short PUSCH, reuse DMRS pattern and DMRS sequence of short PUCCH format 2 or PUSCH with non-slot based scheduling. 
Proposal 4: Support TDM 1 symbol short PUSCH and 1 symbol short PUCCH in the last two symbols in a slot.
Proposal 5: NR supports SR and BFRR transmission in slots other than RACH slots, in a non-contention based PRACH-like manner.
Proposal 6: Grant-based schemes and SR mechanisms should be supported for UL URLLC in 5G NR.
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