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1 Introduction

Grant-free and contention based UL transmission for NR has been discussed in RAN1. The following agreement was agreed:
In RAN1#87 the following was agreed for UL URLLC scheduling:

	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


In RAN1#87ah, the following was agreed for UL URLLC scheduling:

	For an UL transmission scheme without grant
•        at least semi-static resource (re-)configuration is supported

−      FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters

−       Higher-layer signaling could be similar to Rel-8 LTE SPS

−       FFS: MCS

•        RS is transmitted together with data

−       channel structure of grant-based data transmission can be starting point


In RAN2#97 meeting, it was further agreed that:

Agreements

1
NR supports an SPS scheme similar to LTE 

2
NR supports skipping UL grant scheme similar to LTE

Based on the agreements, NR will support SPS-like scheme to enable low latency transmission. In this contribution, we mainly discuss some issues and solutions of SPS-like scheme from RAN2 point of view.
2 Discussion
2.1 Semi-persistent scheduling scheme
LTE semi-persistent scheduling (SPS) is beneficial for uplink traffic for latency reduction. In NR, this benefit can also be obtained for URLLC traffic when SPS scheme is applied. The resources for uplink data is semi-statically configured even before the uplink data arrival. Thus, the steps of scheduling request and uplink grant in dynamical scheduling procedure are not needed and the time for these steps could be saved. The UE can directly transmit the uplink data on the semi-statically configured resources, which can also be regarded as the grant-free resources. When the buffer is empty for the UEs which are configured with grant-free resources, the UEs can skip the configured resources. Of courses, the grant-free resources could be re-configured by network based on some certain conditions, e.g., the traffic load. This SPS-like scheme is observed to be a better scheme to reduce uplink transmission latency than legacy dynamical scheduling scheme.

Observation 1 SPS-like scheme can achieve lower latency for uplink transmission than legacy dynamic scheduling scheme.
2.2 Shared grant-free resources
The low latency compared to legacy dynamical scheduling comes as the cost of resource inefficiency for SPS-like scheme. Firstly, the grant-free resources are pre-configured to the UEs without knowing the buffer status of those UEs, some of the pre-configured resources will be “waste” if the configured UE’s buffer is empty. Secondly, if each UE is dedicatedly allocated with grant-free resources, the system could be run out of resources if there are many URLLC requests. Based on these, it’s reasonable to make the grant-free resources shared by a group of UEs, so that the probability of resource usage could be higher than dedicatedly configuration case.
One example could be shown as in the following figure, there are several pre-configured grant-free resources. The red part is dedicatedly allocated to UE1 no matter whether the UE1’s buffer is empty or not. The green part and the blue part are shared grant-free resources, e.g., the green part is pre-configured to UE2 and UE3, and the blue part is pre-configured to UE4 and UE5. It’s not mandatory the shared grant-free resource region should be larger than the dedicated grant-free resource region. Through sharing grant-free resources among different UEs, the resource efficiency is improved, however there are collisions if the UEs simultaneously access the resources.
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Figure 1 An example dedicated grant-free resources and shared grant-free resources
Proposal 1 Grant-free resources can be shared among different UEs while the collisions should be considered.
2.3 Collision resolution schemes
The shared grant-free resources among different UEs may bring collision. Different UEs contend the shared grant-free resources and the contention success rate is determined by many factors as also stated in [1]. These factors may include the number of UEs for the shared grant-free resources, the expected traffic arrival rate, the redundancy-based protection of contention signals (e.g. time/frequency/code/space diversity employments), type and complexity of receiver algorithms and transmission timing prioritizing strategy. By considering these factors, the contention success rate could be controllable to meet a performance goal, e.g., on both reliability and latency. 
There are benefits to make the network identify the contending UE on the shared grant-free resources. With knowing the information of which UEs are contending, the network could perform further actions on the collision UEs, e.g., trigger a dynamical uplink scheduling or feedback a NACK. So, it’s important to attach the UE identity for contending the shared grant-free resources, especially if the UE identity can be transmitted with more reliability than the data itself.
Proposal 2 It’s preferable to make the network identify the contending UE, one option is that the UE identity could be transmitted when contending the shared grant-free resources, with higher reliability than the data.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
SPS-like scheme can achieve lower latency for uplink transmission than legacy dynamic scheduling scheme.
Proposal 1
Grant-free resources can be shared among different UEs while the collisions should be considered.
Proposal 2
It’s preferable to make the network identify the contending UE, one option is that the UE identity could be transmitted when contending the shared grant-free resources, with higher reliability than the data.
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