
3GPP TSG RAN WG1 AH_NR Meeting 	R1-1700689
Spokane, Washington, US, January 16 – 20, 2017

Source:	Ericsson
[bookmark: Title]Title:	Framework for grant-free acess for URLLC
[bookmark: Source]Agenda Item:	5.1.3.4
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction 
In RAN1 #87 the following agreements were reached [1]:
· 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 initial transmission UL dynamic scheduling, based on a scheduling request followed by an UL grant, results in longer delays in UL compared to DL. This may be unacceptable for the latency critical traffic. Consequently so for of technique to allow low latency operation is good to introduced. In this contribution we discuss some principles that are relevant to the grant-free access paradigm.

Grant-free framework for URLLC
Grant-free transmission with dedicated resource allocation
In grant-based transmissions, UE sends a scheduling-request before it is allowed to transmit data packets in the subsequent data frames. This leads to excessive latency. On the contrary, the basic idea in grant-free transmissions is for UE to skip this additional scheduling-request step. One way to remove this is to pre-configure transmission opportunities for UEs so that UEs just need to wait for the next pre-configured transmissions opportunities. Such schemes exist in LTE in the form of Semi-Persistent Scheduling (SPS), fast UL access in which the transmission opportunities are pre-configured with a periodicity. 
Proposal 1: As the baseline, NR UL grant-free access should support RRC configuration of dedicated resource allocation, in the form of SPS framework.
The waiting time for the next dedicated resource blocks should, of course, be smaller than the latency introduced by the complete SR and UL grant procedures. The allocation should fullfil at least the requirement on URLLC and be able to be used for TCP acknowledgement and similar small packages. For use cases with more stringent latency requirement, the waiting time should be comparatively smaller. For use cases with very high reliability requirement, a considerable more frequency blocks can be allocated.  Hence, the availability of grant-free access units should be tuned by the scheduler to serve the system’s capacity and latency requirements. 
Proposal 2: A UE can be configured with a grant-free access in every slot and/or mini-slot granularity in time.
In dedicated resource allocation, the resource blocks are reserved for a particular UE. Thus, the available size and the density of resources, intended for grant-free access, can be variable depending on the network traffic conditions. It then makes senses to move any subsequent data transfer between UE and gNB to other non grant-free resource blocks, given that such a transfer does not violate any latency requirements the service has. It might also happen that UE needs more resources for transmissions, which can also be dynamically scheduled on grant-based transmission resource blocks. 
Proposal 3: NR UL dedicated grant-free access should, whenever possible, dynamically (re)-schedule the subsequent or additional data transmissions on grant-based transmission resources.
Grant-free transmission with shared resource allocation
In dedicated grant-free transmissions, transmission blocks are pre-allocated for a UE. These allocations repeat periodically in an SPS-like solution, and the periodicity should be very short to satisfy a low latency requirement. One solution to this in LTE is proposed in [2] which includes utilization of fast UL access together with short TTIs. This increases the granularity of grants and also leads to reduced latency.
The same approach can be used also in NR to assign periodic grants with the shortest granularity available. The details of the shortest grant time frame is still under discussion and would determine the lowest latency possible. In essence, the resources need to be made available to ensure that the low-latency target is feasible for the services and use-cases of interest. This is fine, as long as these UEs have data packet to transmit. But, for the case of aperiodic packet arrival, periodic prescheduling of dedicated resources is inefficient since it will lead to low resource utilization and capacity loss in the system, the latter being proportional to the degree of packet arrival infrequency. 
Observation 1: Grant-free transmission with dedicated resource allocation is capacity-inefficient for aperiodic data arrivals. 
Therefore, the grant-free framework should also target efficient resource utilization; one way is to allow the resources used for low-latency applications to be shared with equal access opportunities among the UEs. Shared alloactions will allow for a higher number of infrequent transmission UEs to be scheduled, and thereby improve capacity. Since traffic is expected to arrive in a random pattern, collisions can be expected to be rare for moderate sharing, and at the same time resource utilization will increase. This is an important aspect for low-latency traffic, since UEs need to wait less to be scheduled.
Observation 2: Grant-free transmission with shared resources can improve capacity and thereby low-latency performance, with limited risk of collision.
Proposal 4: gNB can allocate overlapping grant-free resource blocks among UEs.
UE identification in gNB
In shared resource allocations, the gNB does not know which UE transmitted since multiple UEs are assigned in a particular resource block. Thus, even without collisions the network needs to acquire the UE ID through some mechanism. A straight-forward solution is to scramble the UL data with a UE identifier and to assign orthogonal DMRS sequences to the UEs in a shared resource.
Proposal 5: In shared resource allocation, UE identity should be conveyed in the UL transmissions. 
· CRC of the data is scrambled with UE ID.
· DMRS serves as UE identification.
1.1.1 Collisions and collision handling
As a next step, collisions on shared resources should be handled and resolved. However, giving proper means for the network to identify the UE, collisions can be handled by relying on HARQ functionality and normal scheduling.

Observation 3:	A special collision handling is not strictly required to introduce grant-free access on shared resources.
Conclusion
In this paper, we discuss the framework of grant-free access with URLLC context. Also key design considerations for dedicated and shared resource allocation are explained. 
We have observed that:
Observation 1: Grant-free transmission with dedicated resource allocation is capacity-inefficient for aperiodic data arrivals. 
Observation 2: Grant-free transmission with shared resources can improve capacity and thereby low-latency performance, with limited risk of collision.
Observation 3:	A special collision handling is not strictly required to introduce grant-free access on shared resources.

Based on the observations we make the following proposals:

Proposal 1: As the baseline, NR UL grant-free access should support RRC configuration of dedicated resource allocation, in the form of SPS framework.
Proposal 2: A UE can be configured with a grant-free access in every slot and/or mini-slot granularity in time.
Proposal 3: NR UL dedicated grant-free access should, whenever possible, dynamically (re)-schedule of subsequent or additional data transmissions on grant-based transmission resources.
Proposal 4: gNB can allocate overlapping grant-free resource blocks among UEs.
Proposal 5: In shared resource allocation, UE identity should be conveyed in the UL transmissions. 
· CRC of the data is scrambled with UE ID.
· DMRS serves as UE identification.
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