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1. Introduction
In last RAN2 meeting RAN2#97bis, it’s agreed that [1]:
	=>	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.  



In this contribution, based on progress so far in RAN2 and RAN1, we provide considerations on grant-free transmission and grant-free resource configuration from RAN2 point of view.
2. Discussion
In LTE, SPS is designed for services which have periodic characteristics, e.g. VoIP. For this kind of service, SPS saves signaling overhead compared to scheduling with PDCCH. While grant-free transmission in NR is assumed to be used for delay sensitive services, e.g. URLLC, we should not assume the traffic mapped on grant-free transmission is always periodic.
Observation 1: The main motivation of grant-free uplink transmission is to reduce access delay at least for URLLC.

More ever, when grant-free resources are shared by more than one UE, the traffic mapped on grant-free resource should not be frequent/periodic and sustained for long duration. Otherwise, such kind of traffic will cause a lot of conflicts between different UEs. Although conflict resolution will be provided by RAN1, access delay will be increased due to retransmission.
Observation 2: Services mapped on shared grant-free resources should not be frequent or periodic.

Till now, it is not determined whether SPS or some SPS-like mechanism is used for grant-free transmission. In spite of the difference in targeting service characteristics, there are commonalities between legacy SPS and grant-free transmission:
· For both legacy SPS and grant-free transmission, resources could be allocated with fixed interval, and UL transmission utilizing the pre-allocated resources is performed without PDCCH scheduling.
· In legacy LTE, there is method for HARQ process ID calculation if HARQ is asynchronous. It’s also agreed that uplink asynchronous HARQ is introduced in NR. Thus, without PDCCH signaling before UL transmission, the similar method to determine the HARQ process ID for grant-free transmission is also needed.
· Retransmission is needed for grant-free transmission. And the retransmission scheme should be same for asynchronous HARQ in SPS.
· In legacy SPS, SPS activation/deactivation/confirmation are designed to control SPS configuration. For grant-free transmission, we can assume similar mechanism is also needed to control how and when UE use the grant-free resources.
· Since service mapped on grant-free transmission is assumed not periodic, UE should skip uplink grant if there is no data for transmission. The skipping UL transmission in legacy SPS can be reused for this purpose.
· The mechanism to stop K repetition should also be the same for SPS and grant-free transmission.

More ever, in NR UE will support SPS anyway. To use SPS as baseline for grant-free transmission will simplify specification and UE implementation. Otherwise, there will be two similar mechanisms for SPS and grant-free transmission respectively.
Proposal 1: To use SPS as baseline for grant-free transmission and resource configuration scheme.

On the other hand, if necessary, enhancement for the case that grant-free transmission resources are shared by more than one UE could be introduced. 
Possible enhancement for this case could be SPS resource reconfiguration/activation/deactivation for a group of UE who share grant-free resources, and RAN2 solution for conflict resolution if necessary.
Proposal 2: If necessary, to introduce enhancement for the case that grant-free resource is shared by more than one UE.

Further, for design simplicity and UE behavior consistence, it is preferred that UE is agnostic of whether resources configured for grant-free transmission is shared with other UE or not.
The difference is mainly in network on how to detect the transmission failure. After failure detection, network can use the same mechanism to trigger retransmission in both resource sharing and resource not sharing cases.
Proposal 3: UE should be agnostic of whether resource is shared with other UE or not.

Different services from different UEs may have different delay requirement. To configure UE with SPS interval according to delay requirement is more efficient in respect to resource efficiency and collision reduction. Thus, it is preferable to have the flexibility to configure different SPS interval for different UEs which share some grant-free resources.
And further, the start point grant-free resources configured for different UEs are not necessarily to be aligned. This can further provide flexibility for networking control the usage of grant-free resources.
As shown in figure 1, UE1 is configured with SPS interval 10ms, and UE 2 and UE3 are configured with SPS interval 20ms. The configured grant-free resources for UE 2 and UE 3 starts from different time point, thus the usage of grant-free resource are more even than otherwise.


Figure 1: illustration on grant-free resource shared by multiple UE

Proposal 4: The periodicity of grant-free resources is UE specific and is configured individually for a UE. 
Proposal 5: The start point of grant-free resources is UE specific, and UE is activated to use grant-free resources individually.

Another issue about the configuration is the UL HARQ process number. In LTE, UL process number using SPS resources is configure for UE by RRC message. When grant-free resources are shared by more than one UE, different UEs may have different service requirement/throughput requirement. Thus, SPS UL HARQ process number should be configured individually for each UE.
Proposal 6: UL SPS HARQ process number is configured individually for each UE when grant-free resources are shared by one than one UE.

In LTE, SPS activation/deactivation provides a dynamic method to configure start point, MCS and frequency information. SPS activation and deactivation is implemented by SPS command carried in DCI scrambled with UE specific SPS C-RNTI.
For grant-free transmission with shared resources, depending on service start time, different UE may be activated or deactivated in different time point. Thus it is natural to be able to activate/deactivate different UE separately.
There are several options used for UE specific activation/deactivation:
· Option1: A UE specific SPS C-RNTI is used for UE specific activation/deactivation.
· Option2: A common SPS C-RNTI is configured for all UEs sharing grant-free resources. UE ID is indicted in the DCI scrambled by this common SPS C-RNTI.
Option1 is consistent to the case when grant-free resources are not shared, while option2 requires too much bits in DCI.
Proposal 7: UE specific activation/deactivation for individual UE should be supported.
Proposal 8: A UE specific SPS C-RNTI is configured for UE specific SPS activation/deactivation.

On the other side, from network point of view, it’s necessary to activate/deactivate or change the MCS/frequency of configured UL grant for all UEs sharing the grant-free resources. The most efficient way is to have a common activation/deactivation procedure.
The straightforward way to implement this procedure is to configure a common SPS C-RNIT for UEs sharing grant-free resources.
Proposal 9: Group-wise activation/deactivation/reconfiguration of shared grant-free resources should be supported. 

In LTE, if skipUplinkTxSPS is configured, UE skips the configured UL grant if there is no UL data to be transmitted. When skipUplinkTxSPS is not configured, and after consecutive zero MAC SDU, UE implicitly release configured UL grant.
When grant-free resources are shared among UEs, skipUplinkTxSPS may always be configured to avoid interference to other UEs.
For implicit release, if UE implicitly released SPS resources, the shared UL resources are not released from NW point of view if the resources are shared by other UEs. If NW thinks it is necessary to let UE release the resources, NW can always explicitly do so by SPS command.
For the consistence between grant-free resources are shared and not shared, skipping and implicit release should be configurable for grant-free resources.
Proposal 10: Skipping UL transmission and implicit release should be configurable for grant-free resources.

In LTE, if skipUplinkTxSPS is configured, UE should initiate SPS confirmation on SPS activation and deactivation. SPS confirmation is used for network to confirm UE received the SPS command. Otherwise, because UE may transmit nothing when there is no UL data, network side cannot determine whether there is no data for transmission or UE missed the SPS command.
For grant-free resource transmission, the same principle can be reused. When SPS command is transmitted by UE specific SPS C-RNTI, in spite of the grant-free resources are shared or not, UE should trigger SPS confirmation as in legacy LTE. 
Proposal 11: SPS confirmation is triggered when SPS command is received with UE specific SPS C-RNTI, no matter grant-free resources are shared or not.

When SPS command is transmitted with common SPS C-RNTI, there are options on how UE transmit SPS confirmation:
· Option1: UE reply SPS confirmation using shared grant-resources. Conflict will happen with big probability.
· Option2: UE reply SPS confirmation using UE UL grant other than grant-free resources. 
· Option3: Network control whether and how UE reply SPS confirmation. 
Proposal 12: SPS confirmation is triggered when SPS command is received with a common SPS C-RNTI, one of following options is chosen for SPS confirmation transmission:
· Option1: UE reply SPS confirmation using shared grant-resources. Conflict will happen with large probability.
· Option2: UE reply SPS confirmation using UE UL grant other than grant-free resources. 
· Option3: Network control whether and how UE reply SPS confirmation. 

3. Conclusion
Observation 1: The main motivation of grant-free uplink transmission is to reduce access delay at least for URLLC.
Observation 2: Services mapped on shared grant-free resources should not be frequent or periodic.

Based on the comparison between SPS and grant-free transmission, we propose:
Proposal 1: To use SPS as baseline for grant-free transmission and resource configuration scheme.
Proposal 2: If necessary, to introduce enhancement for the case that grant-free resource is shared by more than one UE.

Further, proposals on the basic concept and configuration of grant-free resources shared by more than one UE are provided as:
Proposal 3: UE should be agnostic of whether resource is shared with other UE or not.
Proposal 4: The periodicity of grant-free resources is UE specific and is configured individually for a UE. 
Proposal 5: The start point of grant-free resources is UE specific, and UE is activated to use grant-free resources individually.
Proposal 6: UL SPS HARQ process number is configured individually for each UE when grant-free resources are shared by one than one UE.

At last, on details of grant-free resource activation/deactivation/reconfiguration, we propose:
Proposal 7: UE specific activation/deactivation for individual UE should be supported.
Proposal 8: A UE specific SPS C-RNTI is configured for UE specific SPS activation/deactivation.
Proposal 9: Group-wise activation/deactivation/reconfiguration of shared grant-free resources should be supported. 

For UL skipping, implicit release and SPS confirmation:
Proposal 10: Skipping UL transmission and implicit release should be configurable for grant-free resources.
Proposal 11: SPS confirmation is triggered when SPS command is received with UE specific SPS C-RNTI, no matter grant-free resources are shared or not.
Proposal 12: SPS confirmation is triggered when SPS command is received with a common SPS C-RNTI, one of following options is chosen for SPS confirmation transmission:
· Option1: UE reply SPS confirmation using shared grant-resources. 
· Option2: UE reply SPS confirmation using UE UL grant other than grant-free resources. 
· Option3: Network control whether and how UE reply SPS confirmation. 
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