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Introduction
[bookmark: _Ref178064866]UL grant free transmissions have been discussed for several meetings, in this contribution we provide our views to progress the design further considering multiple use cases for it.
Discussion
[bookmark: _Toc455649131][bookmark: _Toc455649156][bookmark: _Toc455649182][bookmark: _Toc455649228][bookmark: _Toc455649250][bookmark: _Toc455649272][bookmark: _Toc455649132][bookmark: _Toc455649157][bookmark: _Toc455649183][bookmark: _Toc455649229][bookmark: _Toc455649251][bookmark: _Toc455649273][bookmark: _Toc455649133][bookmark: _Toc455649158][bookmark: _Toc455649184][bookmark: _Toc455649230][bookmark: _Toc455649252][bookmark: _Toc455649274][bookmark: _Toc455649134][bookmark: _Toc455649159][bookmark: _Toc455649185][bookmark: _Toc455649231][bookmark: _Toc455649253][bookmark: _Toc455649275][bookmark: _Toc455649135][bookmark: _Toc455649160][bookmark: _Toc455649186][bookmark: _Toc455649232][bookmark: _Toc455649254][bookmark: _Toc455649276][bookmark: _Toc455649136][bookmark: _Toc455649161][bookmark: _Toc455649187][bookmark: _Toc455649233][bookmark: _Toc455649255][bookmark: _Toc455649277][bookmark: _Toc455649137][bookmark: _Toc455649162][bookmark: _Toc455649188][bookmark: _Toc455649234][bookmark: _Toc455649256][bookmark: _Toc455649278][bookmark: _Toc455649138][bookmark: _Toc455649163][bookmark: _Toc455649189][bookmark: _Toc455649235][bookmark: _Toc455649257][bookmark: _Toc455649279][bookmark: _Toc455649139][bookmark: _Toc455649164][bookmark: _Toc455649190][bookmark: _Toc455649236][bookmark: _Toc455649258][bookmark: _Toc455649280][bookmark: _Toc455649140][bookmark: _Toc455649165][bookmark: _Toc455649191][bookmark: _Toc455649237][bookmark: _Toc455649259][bookmark: _Toc455649281][bookmark: _Toc455649141][bookmark: _Toc455649166][bookmark: _Toc455649192][bookmark: _Toc455649238][bookmark: _Toc455649260][bookmark: _Toc455649282][bookmark: _Toc462120460]Semi-static configuration with dedicated resource allocation
[bookmark: _GoBack]It has been agreed that at least semi-static resource (re-)configuration is supported in grant-free framework, similar to the Semi-Persistent Scheduling (SPS) and fast uplink access in LTE in which the transmission opportunities are pre-configured with a periodicity. In addition, in LTE, a UE uses the configured grant only when it has UL data to transmit to reduce unnecessary interference and battery consumption. Such features should be in NR too.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]UE does not transmit in a grant-free resource when it has an empty buffer. 
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 another grant-based 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.
If the UE receives an UL grant in the same slot/mini-slot in which the UE has a valid grant-free resources, the granted resource is valid instead of the grant-free. 
A UE with a grant-free allocation can use the grant for new data, if a dynamic grant overriding the grant-free allocation is not given. With asynchronous UL HARQ, multiple HARQ processes are therefore needed for the grant-free resource, e.g. if it is configured for every slot. 
Multiple HARQ processes are needed for UL grant-free resources.
According to RAN1 agreements the UE can perform K repetitions, also using the grant-free allocation. However, this is not to be seen as retransmissions, but new data. On the contrary, retransmissions should be performed on granted resources. This makes sense since the UL grant for retransmission would itself carry the HARQ feedback. Also the gNB has the possibility to modify the grant.
[bookmark: _Toc473565646]Retransmissions of data from a grant-free resource is only supported by dynamic UL grants.
For the case of aperiodic packet arrival with low arrival rate, a URLLC UE might go to an active DRX state to save energy. Further energy can be saved if UE does not monitor PDCCH. However, this comes at the price that gNB cannot send fast DL data and gNB cannot reconfigure the grant-free UL allocation during the DRX period. The ability of fast re-configuration in grant-free UL resources might be an important tool for gNB to control the collision risk. Moreover, energy consumption should not be a primary consideration when satisfying the challenging URLLC targets. 
No modification to which time instance PDCCH is monitored due that the UE is configured with grant-free resources.
Shared resource allocation
It is important to allow tools for the gNB to allocate the same physical resources to many UEs. This as shared allocations 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.
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. Equal-opportunity accesses in one resource block among many UEs may result in overlapping (non-orthogonal) transmissions, i.e., collisions. It is important to see the different levels of decoding “success”. This is due to the fact that the UE identity is not available prior to packet reception and decoding. Therefore, one can see that the gNB can succeed to decode: 
a) only the UE identity; 
b) both the UE identity and data;
c) neither the UE identity nor the payload.
Herein, there is an implicit premise that if the identity is not successfully recovered then the payload is assumed lost.
When at least the user identity can be detected, the subsequent remedy actions (i.e., re-transmissions) can be taken.  One solution is to overlay the UE identity on orthogonal DMRS patterns. 
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.
[bookmark: _Toc473562194][bookmark: _Toc473564415][bookmark: _Toc473565653]Different UEs can be distinguished at least by the DMRS. FFS on specific details.

[bookmark: _Toc473562177][bookmark: _Toc473564400][bookmark: _Toc473565637][bookmark: _Toc473564402][bookmark: _Toc473565639][bookmark: _Toc473565642]Conclusion
In section 2 we made the following observations:
1. Multiple HARQ processes are needed for UL grant-free resources.

Based on the discussion in Section 2 we propose the following:
1. UE does not transmit in a grant-free resource when it has an empty buffer. 
If the UE receives an UL grant in the same slot/mini-slot in which the UE has a valid grant-free resources, the granted resource is valid instead of the grant-free. 
Retransmissions of data from a grant-free resource is only supported by dynamic UL grants.
No modification to which time instance PDCCH is monitored due that the UE is configured with grant-free resources.
Different UEs can be distinguished at least by the DMRS. FFS on specific details.
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