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Introduction
[This is a resubmission of R1-1718567]
In RAN #71, the technology study item for 5G new RAT (NR) has been approved [1]. URLLC (ultra-reliable low latency communication) requirements has been discussed in RAN plenary in June 2016:
“ The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.”
“Reliability can be evaluated by the success probability of transmitting X bytes within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
The target for reliability should be 10^-5 within 1ms.
A general URLLC reliability requirement for one transmission of a packet is 10^-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.”

[bookmark: _Ref471634189]Scheduling request for uplink URLLC
In LTE, uplink data transmission is preceded by a scheduling request (SR) from the UE and an uplink data transmission grant signalled back from eNB after the SR reception. Such a transaction adds at least a round-trip time worth of delay in the uplink data transmission. 
For uplink URLLC, such a round-trip delay before commencing the uplink data transmission may increase the end-to-end URLLC latency. One alternative is to eliminate the round-trip delay associated with SR-grant by allowing URLLC transmissions to use a grant-free mode. In RAN1-87 [2], it was agreed that at least an UL transmission without a grant is supported for URLLC (if not also for eMBB, etc.):
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design

For a grant-free mode of operation, the gNB could pre-allocate certain resources for a UE. In some scenarios, if the traffic pattern is known or predictable, then pre-allocating a resource for each URLLC UE may be useful. However, more generally, such pre-allocation may be wasteful, as it reduces the 
benefits of statistical multiplexing.
A more general approach for grant-free operation is to allow the UEs to operate in a contention-based manner not only among URLLC UEs, but also between URLLC and eMBB UEs in order to utilize the available bandwidth resource to achieve high reliability with low latency. However, contention-based operation may result in low reliability at high load when collisions occur, and meeting the 1e-5 requirement may become difficult. This may not only lower the URLLC capacity of the system, but also make it very difficult to achieve the desired latency/reliability due to high collision in some scenarios. More specifically, failure to detect the presence of UL data will cause substantial latency and reliability loss and hence presence of URLLC UL data has to be communicated with high reliability.

The nesessity of reliable scheduling request 
Consider the problem of detecting the presence of an uplink URLLC transmission when operating in a grant-free mode. If there is no control signal to indicate the presence of such data, the gNB may have to rely on blindly detecting the presence of such data using DMRS and others RS or data signals. As a consequence, several relevant senarios need to be discussed: 
1. Given URLLC traffic arrivals in an unpredictable and sporadic manner, multiple URLLC pakcets could collide if selecting the same resource in a grant-free mode. In fact, the probability of such collision is noticeable. See Fig.1 for the collision PMF assuming 22 active URLLC UEs in the same cell with arrival rate approaching the URLLC cell capacity. It is observed that the sum probability of 3,4,5,6 SR collisions contributes more than 70%. As a result, the multi-user detection is challenging as the DMRS blind detection performance can substantially degrade. Figure 2&3&4, taking into account 30KHz SCS in a TDL-C channel with RMS delay spresd of 300 nsec and 100 nsec, show the performance of sequence-based coherent and noncoheret  detection subject to URLLC user collisions. One can see that, if applying coherence detection, in the 300 nsec case where sequence occupies 8RB (Figure 3), there are ~2.5dB and 5dB loss respectively at 1e-3 for the 5 and 10 user multiplexing. Similarly, sizable loss can be observed in Figure 4&5 as well. When sequence is shorter (say, 2RB), the loss becomes bigger. See Appendix for the simulation assumptions. Since the overall reliability requirement for URLLC is 1e-5 error rate, the requirement for detection of the presence of uplink data should be at least around 1e-3. It can be seen from the figure that even for such simple sequence-based detection without collision, achieving such a low error rate as 1e-3 requires a pretty high CINR. Obviously, the collision scenario requires much higher CINR.

2. Consider the multiplexing of URLLC and eMBB traffic in a grant-free mode. In this case,  the URLLC DMRS may contend with eMBB traffic, and blindly detecting the presence of such DMRS may be even more challenging because eMBB may be power controlled differently and also the data may happen to be spatially correlated with the URLLC DMRS sequence (leading to high detection error).

[image: ]
[bookmark: _Ref478025969]Figure 1: PMF of SR collision: 22 URLLC UEs in a macro cell with poisson packet arrivals (2.5k packets/sec/UE, the capacity of such drop under 20MHz system bandwidth and 1ms lantency).
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Figure 2: TDL-C 300 nsec RMS DS, 8RB-sequence
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Figure 3: TDL-C 100 nsec RMS DS, 8RB-sequence
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Figure 4: TDL-C 300 nsec RMS DS, 2RB-sequence

Observation 1: Achieving high reliability in the detection of the presence of grant-free uplink URLLC transmission using blind detection of DMRS alone may be very challenging. 
Note that, this is only for DMRS detection, for data, it may or may not be sufficient to support meaningful size of payload around a few hundreds of bits with small number of RBs. Since BLER requirements need to be met with similar SNR condition, on the order of 10~100 times REs will be needed to achieve that goal. With SR and data transmission at the same time we can achieve the tradeoff guaranteed reliable SR and oppurnitstically efficient use of available resource to transmit UL URLLC data with very low latency. On the other hand, dedicated resource reservation for UL GF transmission will cost too much resource (in the example here, 8-RB reservation will cost about 3MHz dedicated bandwidth and it could only support reliable transmission of 1-bit transmission at around SNR = -5dB. To support resource reservation for practical payload of a few hundred bits, the amount of resource to be reserved may become unacceptable).
Proposal 1: URLLC UL should support SR transmission and consider simultaneous SR and data transmission for high reliability and low latency.
Furthermore, advanced mechanisms to avoid URLLC SR collisions or improve the SR multiplexing sequence detection could be further investigated to enhance SR reliability.  For instance, as shown in Figure 2&3&4, when URLLC SR collide, noncoherent sequence-based detection seems to outperform DMRS sequence-based detection. However, more advance coherence detection technique could improve the performance in simulations. 
Observation 2: Non-coherent sequence-based detection could be robust to SR collision. 
Proposal 2: Study advanced mechanisms to improve SR detection when collision occurs.

Conclusion
In summary, the need for scheduling request for uplink URLLC was studied. 
Observation 1: Achieving high reliability in the detection of the presence of grant-free uplink URLLC transmission using blind detection of DMRS alone may be very challenging. 
Observation 2: Non-coherent sequence-based detection could be robust to SR collision. 
Based on the observations and discussions, we propose the following. 
Proposal 1: URLLC UL should support SR transmission and consider simultaneous SR and data transmission for high reliability and low latency.
Proposal 2: Study advanced mechanisms to improve SR detection when collision occurs.
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Appendix
Table 1: Simulation assumptions
	Profile
	Value

	Tone Spacing
	30kHz

	FFT Size
	2048

	Number gNB’s Antennas
	4

	Number UE’s Antennas
	1

	Subframe Duration
	500 usec

	Channel Model
	TDL-C (DS: 300ns and 100ns)

	Doppler
	5Hz

	Sequence 
	ZC-sequence

	Power Control
	Equal power control for all UEs

	Coherence Detection
	MMSE-based channel estimator
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