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1 Introduction
The following agreements have been made for uplink grant-free transmission for NR [1]:

Agreements on grant-free
=>	From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.  

Also, the following LS has been received from RAN1 [2]:
Agreements:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signaling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.

In this contribution, we compare the SPS and grant-free uplink transmission mechanisms to determine whether they should be considered as separate schemes or can be part of a single scheme.

Throughout this document, we refer to SPS and grant-free schemes commonly as “configured grant schemes” (CG schemes).
2 Common aspects of SPS and grant-free schemes
In this section we list the aspects that are common for SPS and grant-free schemes.
1. Configured grants:
In both schemes, the resources (grants) for uplink transmissions are semi-persistently configured by the network. The UE does not have to request uplink resources when it is required to perform an uplink transmission, and the network does not have to allocate resources to a UE by uplink assignment.

2. Periodicity:
In both schemes, the configured grants occur periodically in time, and the periodicity is configured by the network. For grant-free transmissions, the intervals need to be small in order to satisfy the latency requirements.

Observation 1: RRC configured periodic uplink grants is a common aspect for configured grant schemes.
3 Different aspects of SPS and grant free schemes
In this section we list the differences in functionality between SPS and grant-free schemes.
1. Activation method:
In LTE, SPS is configured by dedicated RRC signalling and afterwards activated by L1 signalling (PDCCH). As stated in the LS above, it may be possible to activate a grant-free scheme after RRC signalling without waiting for L1 signalling, depending on the network configuration.

2. Resource selection:
In grant-free scheme, it may be possible for the network to allocate a pool of resources (for example, frequencies) to multiple UEs, which means that a UE would need to select the resources for each transmission or retransmission from the pool. On the other hand, all resources in an SPS scheme are allocated and used by one UE, therefore there is no resource selection requirement for the UE.

3. Collision handling:
If a pool of resources is reserved for multiple UEs in the grant-free scheme as mentioned above, and if a number of UEs select the same resources at the same time, collisions will occur.  Therefore contention resolution and backoff mechanisms might be needed for grant-free schemes.

4. Group messaging:
The number of UEs using a particular SPS scheme is always one, however the number of UEs using a grant-free scheme is variable. There may be some benefit of using group messaging for multiple UEs in grant-free, for example when there are common parts of the configuration that are applicable to multiple (or all) UEs and a modification to the configuration is needed, or when the network needs to suspend or release grant-free resources for multiple UEs at the same time. Using dedicated messaging (for one UE) for these procedures could take considerable resources and more time if the number of UEs is large. Using group messaging (i.e., system information) for these procedures could be beneficial.

5. Logical channel restrictions to minimize collisions:
Because the grant-free resources are shared by multiple UEs, it is important to make sure the resources are used only when mandated by the QoS requirements, when low latency is required. For uplink data that does not have low latency requirements, grant-based transmissions should be used. As different logical channels can be configured with different QoS requirements, only certain logical channels can be allowed to use the grant-free transmissions. This topic has been discussed in a separate contribution [3].

4 Combining SPS and grant-free schemes
We now would like to investigate if it is possible to combine the attributes that are different for SPS and grant-free schemes using different configuration settings.
1. Activation method:
As already indicated by RAN1, in the initial RRC configuration, the network could indicate if the CG scheme should be activated immediately or if the UE should wait for L1 signalling for activation. For SPS, this parameter could be set to “wait for L1 signalling”, and the network could trigger activation by L1 signalling after events such as starting a VoIP application. For grant-free, the parameter could be set to “activate immediately”, so that the UE could start using the resources as soon as possible. Note that in the latter case, the physical layer configuration and the timing of the transmission opportunities will be indicated by RRC signalling (to be discussed by RAN1).

2. Resource selection:
The configuration could indicate to the UE whether resource selection should be performed. Alternatively, the existence of multiple resources (i.e. a resource pool) in the configuration could imply that the UE should perform resource selection.  

3. Collision handling:
It is beneficial to design the contention resolution and backoff mechanisms independent of the type of the CG scheme. For example, the lack of a backoff indicator could either mean no collision has been encountered for grant-free or the SPS scheme is used.

4. Group messaging:
In the initial RRC configuration, if L1 signalling is used for activation, deactivation, or modification, a UE could be assigned a dedicated address (e.g. C-RNTI) and optionally an additional group address (e.g. a group C-RNTI), that could be used for modification or release of common grant-free resources. The existence of a group C-RNTI in the initial configuration could trigger the UE to start using it for decoding downlink information. Details of the addressing mechanisms need to be agreed in RAN1. Broadcast RRC signalling could also be used for group messaging, which could be indicated in the configuration.

5. Logical channel restrictions to minimize collisions:
Although there is justification for introducing logical channel restrictions for using grant-free transmissions, for SPS the reasons for introducing for such restrictions seems less clear. As the resources are already allocated to a specific UE, there is less motivation to use logical channel restrictions. In any case, a lack of restrictions in the logical channel configuration could mean the UE is free to use SPS resources for data from all logical channels.

Based on the arguments above, we conclude that SPS and grant-free schemes can be implemented using different configurations of a single scheme.
Observation 2: SPS and grant-free schemes can be implemented using different configurations of a single scheme (configured grant scheme).
Therefore we would like propose:
Proposal 1: RAN2 to consider SPS and grant-free as a single (CG) scheme and use different configuration settings to indicate the selected behaviour(s) where necessary.
5 Conclusions
Observation 1: Configured periodic uplink grants is a common aspect for SPS and grant-free schemes.
Observation 2: SPS and grant-free schemes can be implemented using different configurations of a single scheme (configured grant scheme).
Proposal 1: RAN2 to consider SPS and grant-free as a single (CG) scheme and use different configuration settings to indicate the selected behaviour(s) where necessary.
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