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1. Introduction
At the RAN1#88bis meeting, some discussions on UL data transmission without grant was held, while no conclusion/agreement was made. In this contribution, we present our views on how UL grant-free transmission should be performed.
2. UL data transmission without grant
2.1. General procedure and re-transmissions
For URLLC services, extremely tight latency/reliability requirements shall be met. In order to satisfy the requirement, UL grant-free transmission will be a promising feature. Network prepares a set of radio resources for UL grant-free transmission and configures it to the UEs. Once the UE is configured with UL grant-free transmission, the UE is allowed to transmit UL data immediately without sending scheduling request (SR).
gNB may fail to receive the UL grant-free transmission with a certain probability due to collisions, interference, noise, etc. There are two cases where the gNB fails to receive the UL grant-free transmission; (1) gNB fails to identify there is a data, and (2) gNB notices there is a data, but fails to decode it. 
[bookmark: _GoBack]For (1), re-transmission needs to be triggered by the UE side. In order to reduce the probability of event (1), design for UL grant-free transmission should ensure sufficiently low data-to-DTX error probability. If RS (or preamble) associated with the UL grant-free data is used to identify the presence of UL grant-free data, the RS (or preamble) detection probability is the data-to-DTX error probability. In order to reduce the error probability, increasing RS (or preamble) density within the transmission, or repeating the UL grant-free transmission (including RS (or preamble)) would be promising. Support of repetition for UL grant-free transmission was already agreed. Further investigation is necessary on what RS (or preamble) density per transmission is required. Other options without relying on RS (or preamble) can also be considered. 
For (2), re-transmission should be combined with the previous transmission at the gNB. Besides, in case of (2), since gNB already notices there was UL data but failed to decode; there is no reason to let UE to continue grant-free transmission. Hence, we consider that for the case where gNB notices there is UL grant-free transmission, the re-transmission should be scheduled by UL grant. By using UL grant, gNB can control the scheduled resources and link-adaptation parameters. As shown in Figure 1, by scheduling re-transmission on the resources out of the reserved resources for UL grant-free, the probability of collision can be reduced and the optimized scheduling information adapting to the UE’s current channel conditions can be achieved. . Especially when the eMBB and URLLC share the same carrier, it is quite important to keep the spectral efficiency as high as possible, so that high throughput can be guaranteed for eMBB. For this, the amount of reserved resources for possible UL grant-free transmission should be minimized. Therefore, the use of UL grant-free transmission should be limited to the initial transmission, and re-transmission should be scheduled/controlled by gNB in UL grant-based manner.
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Fig. 1	Re-transmission for UL grant-free.

UL grant-free transmission is not necessarily limited to the URLLC use-case. For example, this can be used for eMBB latency reduction. Especially for eMBB latency reduction, there would be a large amount of traffic in the UE uplink buffer and hence, single UL grant-free transmission would not be enough. Even for URLLC type of services, it may be necessary to transmit large number of packets for some use-cases. Therefore, if the transmission is continuously done by UL grant-free transmission, the resource efficiency will be worse; in order to avoid this, UL grant-free transmission should be limited to the very first transmission, and following UL transmissions should be able to be scheduled/controlled by the gNB. UL grant-free transmission should be able to include at least BSR type of information, such that the gNB can start dynamic scheduling based on UL grants smoothly.
Proposal 1:
· Support two types of re-transmission for UL grant-free data.
· Re-transmission scheduled by an UL grant.
· Aim to realize HARQ combining for decoding failure case.
· Re-transmission triggered by the UE.
· Aim to resolve data-to-DTX error case.

In LTE, SPS was supported only on PCell (and PSCell for dual connectivity case). However, there is no reason to prevent from supporting the same mechanism for SCell. Therefore, NR enables to configure UL grant-free resources for any cells in case of uplink carrier aggregation.
Proposal 2:
· UL grant-free can be configured for any cell, in case of uplink carrier aggregation or dual connectivity

2.2. Usage of L1 signalling
UE shall know all necessary parameters for UL grant-free transmission before transmitting on the resource. For this, not only RRC signaling, but also the use of L1 signalling is still useful. For example, RRC signaling configures the necessary parameters of UL grant-free transmission to the UE, but then L1 signalling can adjust, modify, update, activate, and/or deactivate these parameters. The L1 signalling can be a PDCCH, similar to the signalling used for LTE UL SPS.
When the L1 signalling is used, gNB needs to know whether the UE correctly receives it. Therefore, acknowledgement to the L1 signalling should also be supported. 
Proposal 3:
· L1 signalling can be used to adjust, modify, update, activate, and/or deactivate related parameters for UL grant-free.
· In case L1 signalling is received, the UE shall send an acknowledgement to the NW.

3. Conclusion
In this contribution, we discussed UL grant-free transmission, and proposed the following.
Proposal 1:
· Support two types of re-transmission for UL grant-free data.
· Re-transmission scheduled by an UL grant.
· Aim to realize HARQ combining for decoding failure case.
· Re-transmission triggered by the UE.
· Aim to resolve data-to-DTX error case.
Proposal 2:
· UL grant-free can be configured for any cell, in case of uplink carrier aggregation or dual connectivity
Proposal 3:
· L1 signalling can be used to adjust, modify, update, activate, and/or deactivate related parameters for UL grant-free.
· In case L1 signalling is received, the UE shall send an acknowledgement to the NW.
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