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1. 
Introduction

NR is envisioned to support different types of services [1] including massive machine type communication (mMTC), ultra reliable low latency communication (URLLC) and enhanced mobile broadband (eMBB). Different service has different traffic pattern, design goals and requirement. There are at least three key KPIs for mMTC services, extended link budget, UE battery life and device density. Service requirement for URLCC is ultra low latency and reliability. eMBB has the design goal of improving spectral efficiency.

Grant free transmission has drawn considerable amount of attention in NR. Following agreement has been reached in RAN1#86

· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

In this contribution, we discuss at high level the pros and cons of grant free and grant based transmission, especially for service like mMTC

2. 
Grant free transmission
In RAN1 #86, the following agreements regarding grant-free transmission have been reached
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

Clearly, grant free transmission has the following benefit

· It can reduce overhead caused by the scheduling request and the grant. This can be beneficial especially when the payload is very small

· Grant free transmission can also reduce latency as it removes the delay associated with scheduling request and grant.

On the other side, grant free transmission has the following limitation as well

· Grant-free typically requires non-orthogonal transmission. In that case, receiver side may need to perform blink detection in order to detect the UE and resolve potential contention. When each user operates at relatively high SNR, advanced receiver is also needed to recover capacity
· Grant free transmission may imply stricter requirement on power control. Without robust power control, cell center users have higher chance to jam the cell edge users.

· Similarly, grant free transmission may lead to system coverage issue as the even the intra-cell users will start to interfere with each other. For the cell edger user, they may have to overcome higher noise rise, hence suffer from reduced coverage.

· Grant-free typically implies no link adaptation. Link adaptation is very important for wireless communication to ensure link efficiency. Without link adaptation, the resource utilization can be very inefficient in the system
3.
Grant based transmission 

As opposite to grant-free transmission, grant based transmission implies that UE receives dynamic scheduling grant. Below is the analysis of the benefit and limitation of grant based transmission 

The benefit of grant based transmission comes from the dynamic scheduling

· Grant based transmission can allow orthogonal transmission. Orthogonal transmission simplifies the receiver. It also provides higher reliability.  
· Grant based transmission can also provide tight link adaptation. With tight link adaptation, system can achieve better link efficiency which means either reduced resource utilization, reduced latency or improved reliability
· Grant based transmission also provides better interference control, improve system stability.
The limitation of grant based transmission comes mostly from the overhead associated with the dynamic scheduling
· It increases overhead caused by the scheduling request and the grant. The impact can be significant especially for small payload

· Grant based transmission can incur additional delay before packet transmission can start.

4.
Conclusion

In this contribution, we discuss the pros and cons of grant free and grant based transmission. We view that both grant-free and grant-based transmission has its own advantage and dis-advantage. Which one is better depends on the operation region. It is expected that more efficient system operation can be achieved if grant-free and grant-based transmission can be jointly designed
Proposal 1: NR should study the mixed grant-free and grant-based transmission 
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