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1. Introduction 

At the RAN1 NR AH #2 meeting [1], the following agreements regarding UL transmission without grant were achieved:
Agreements:
· NR supports more than 1 HARQ process for UL transmission without grant

· For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following
· Periodicity and offset of a resource with respect to SFN=0 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· Note: 
· one TB is mapped to a resource at least consisting of time/frequency-domain resource
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· An MCS/TBS value
· Number of repetitions K
· Power control related parameters
· FFS HARQ related parameters
· FFS if multiple resources can be configured
· For Type 2 UL transmission without UL grant
· The RRC (re-) configuration for resource and parameters includes at least the following
· Periodicity of a resource
· Power control related parameters
· At least the following additional parameters for the resource are given by L1 signalling
· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation
· FFS: the timing reference 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· An MCS/TBS value
· Note: 
· one TB is mapped to one resource 
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· FFS multiple resources can be configured
· FFS HARQ related parameters
· FFS whether number of repetitions K is configured by RRC signalling and/or indicated by L1 signalling
In RAN1 #90 meeting, following agreements were made [2]

Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
In this contribution, we provide our views on the remaining issues for design of UL grant-free transmission, such as resource configuration for Type 1/2 grant-free, HARQ related issues and power control. 
2. Discussion

2.1. Configuration of UL grant-free transmission

In RAN1 NR AH#3, it was agreed that more than one HARQ process is supported for UL grant-free transmission. In order to reduce queueing time to transmit a large packet, multiple HARQ processes can be used for grant-free transmission. Meanwhile, to satisfy the reliability requirement of high priority service like URLLC traffic, UL grant-free data are allowed to be transmitted repeatedly with a maximum repetition number K, K >=1. Due to the fact that resources for UL grant-free transmission are preconfigured prior to the actual traffic arrival, gNB needs to allocate wisely the resources to a UE to support multiple HARQ processes and repetition transmission. 

It is beneficial for decoding grant-free data if gNB can distinguish a detected transmission to which HARQ process and transmission occasion (initial or repeated transmission) it belongs. According to the agreements in [1], a UE is configured with a grant-free resource consisting of time and frequency resources, periodicity, DMRS configuration, etc. for type 1 or type 2 grant-free transmission by RRC signaling or L1 signaling. In this case, one grant-free resource is configured for transmissions of multiple HARQ processes and repetition. 
Different options for repetition transmission are illustrated in Fig. 1. For option 1, each transmission during the repetition is allowed only to be transmitted on the configured grant-free resource with a given periodicity. Although HARQ process number can be derived from the time index of the actual transmission, gNB cannot distinguish between an initial transmission and a repeated transmission. This would interrupt the combining when multiple grant-free transmissions are detected at gNB. For option 2, an initial transmission is allowed to be transmitted on the configured grant-free resource with a given periodicity, while repeated transmission is transmitted using the subsequent consecutive extended resources. In this case, the initial transmission and repeated transmission can be identified by the resource/timing of actual transmission. Similar to option 1, HARQ process number can be derived by timing index of initial transmission. However, if a configured grant-free transmission occasion for initial transmission is overlapped with one or more extended transmission occasion for repetition, neither different HARQ processes transmissions nor initial/repetition transmissions can be distinguished by gNB when one or more grant-free transmission are not detected at gNB. If such overlapping is not allowed, additional delay will be introduced as the new transmission cannot be performed at any time. Besides, frequency diversity is achieved for neither option 1 nor option 2 as all the transmissions happen on the same resource which means same frequency, which reduces the benefits of repetition transmission.
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Figure 1-a: Option 1: single grant-free resource with repetition on the configured resources

[image: image2]
Figure 1-b: Option 2: single grant-free resource with repetition on the extended consecutive resources
To get rid of the above mentioned drawbacks of single grant-free resource configuration, it has been proposed that multiple resources can be used for grant-free transmission. However, the details on how multiple resources are configured for multiple HARQ processes and repetition transmissions are still unclear. If multiple resources are configured for grant-free, different grant-free resources can be used to distinguish different HARQ processes, and it can also be used to distinguish initial transmission and repeated transmission. In this case, a grant-free resource is associated with a HARQ process or a certain transmission opportunity, such as initial transmission. Therefore, grant-free resources are configured per HARQ process or per transmission opportunity, where each grant-free resource corresponds to a certain time, frequency and code domain resource. For example, different grant-free resources are used for multiple HARQ processes, where HARQ process number can be derived by the corresponding grant-free resource. In addition, different grant-free resources are configured for initial transmission and repeated transmission(s). In Fig.2, different options for configuring multiple grant-free resources are illustrated. In the examples, two HARQ processes and maximum repetition number K=4 are assumed.
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Option 1: different grant-free resources for initial transmission, repeated transmissions, and HARQ process number.
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Option 2: different grant-free resources for initial transmission and each repeated transmission. HARQ process number is derived by timing index of grant-free transmission.
For option 1, initial transmission and repeated transmissions are configured with different grant-free resources, where repeated transmissions share the same frequency domain resource. HARQ process number is associated with different grant-free resources corresponding to different frequency domain allocation. In this case, different HARQ processes and different transmission opportunities from repetition transmission can be distinguished from the corresponding frequency resources. A small number of HARQ processes can reduce the configured frequency domain resources.

For option 2, initial transmission and repeated transmissions are configured with different grant-free resources, where each repeated transmission is configured with a certain grant-free resource. Different HARQ processes share the same grant-free resource where the HARQ process number is derived by timing index of grant-free transmission. Frequency diversity can be achieved during repetition transmission. Large number of grant-free resources is needed when repetition number K is large.

For different configured grant-free resources, the corresponding time/frequency/code resources can be non-overlapped, partial overlapped and fully overlapped. In case of non-overlapped multiple grant-free resources, each grant-free resource associated with a certain HARQ process or transmission opportunity is different from that associated with a different HARQ process or transmission opportunity. Therefore, large amount of resources may be needed if large number of HARQ processes and large number of repetition are adopted. In case of partial overlapped grant-free resources, the corresponding resources of different grant-free resources configured to different HARQ processes or transmission opportunity can be overlapped in either time or frequency domain. Compared to non-overlapped case, less amount of configured resources is needed. In case of fully overlapped, it is similar to single grant-free resource case.
Proposal 1: Multiple resources can be configured to a UE.

Proposal 2: The grant-free resources are configured per HARQ process and/or per transmission opportunity (i.e. initial transmission or repetition), where each grant-free resource corresponds to a certain time, frequency and code domain resources

Proposal 3: For different configured grant-free resources, the corresponding time/frequency/code resources can be non-overlapped, partial overlapped or fully overlapped.

· HARQ-ACK feedback

For grant-free transmission, retransmission can be scheduled by an UL grant for the same TB, where the UL grant is regarded as an NACK. In addition to that, different options of HARQ-ACK feedback and related UE behavior are proposed in RAN1 #90.

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

For option 1, an UL grant scheduling a new transmission is regarded as a “ACK”. Considering the high reliability of URLLC data transmission, if an ACK is transmitted by a UE-specific DCI, large number of PDCCH transmissions and monitoring trials shall be needed. Besides, UE behavior should be defined if an UL grant indicating “ACK” is not received. 
For option 2, an ACK can be transmitted by a group common DCI, where multiple UEs in a group need to monitor the common PDCCH. Since the URLLC service is sporadic, the probability of multiple simultaneous transmissions from multiple UEs within the same group may be small. Therefore, for group common ACK, how to group the UEs needs to be further discussed. Furthermore, UE behavior should be clarified after detecting a NACK from group common DCI. For example, whether UE needs to monitor an UL grant scheduling retransmission or retransmit data on grant-free resource should be clarified. If a retransmission is scheduled by UL grant, NACK feedback in group common DCI would be unnecessary. If UE retransmits data on grant-free resource, there is still uncertainty in retransmission, i.e. retransmission may collide with other grant-free transmission. If ACK-to-NACK error happens, UE may transmit a redundant transmission on grant-free resource, which increases the collision probability. If NACK-to-ACK error happens, gNB may never receive a retransmission on grant-free resource unless there is an UL grant for scheduling retransmission. Therefore, indicating NACK by group common may not be efficient. 

For option 3, a timer is defined that UE may assume NACK or ACK if timer expires and no feedback from gNB is received. In case of only NACK indicated by an UL grant scheduling retransmission, UE assumes ACK if an UL grant is not detected. 
Proposal 4: Further discussion on whether ACK feedback for grant-free transmission is needed.

· Power control:

UL power control is important for power saving and inter-cell interference handling. In LTE, UL power control is combined with an open-loop mechanism and a closed-loop mechanism. For UL grant-free transmission, open loop power control based on pathloss estimation is supported, where the power control related parameters are configured by RRC configuration. Given that URLLC data transmission on grant-free resources require very low latency, a different numerology from LTE or shorter transmission durations are used. Considering the different requirements of URLLC and eMBB data transmission, different power control related parameters for grant-free transmission from those for grant-based transmission can be considered. Detailed discussions on UL power control can refer to our companion contribution [2].

It is still not accurate to determine the transmit power based on open-loop power control only due to the channel variation and interference variation. The closed-loop power control mechanism implies that network can directly adjust the device transmit power by explicit power control commands, which are determined based on prior measurements of the UL received power. For grant-free transmission, a power-control command can be included in the UE-specific DCI. Power-control commands can also be provided on a special PDCCH that simultaneously provides power-control commands to a group of UEs (similar to LTE PDCCH using DCI format 3/3A).

Proposal 5: Different power control related parameters for grant-free transmission from those for grant-based transmission can be considered.

Proposal 6: Closed-loop power control is supported for grant-free transmission.

3. Conclusion

In this contribution, we discussed the remaining issues for design of UL grant-free transmission. The proposals are summarized below.
Proposal 1: Multiple resources can be configured to a UE.

Proposal 2: The grant-free resources are configured per HARQ process or per transmission opportunity, where each grant-free resource corresponds to a certain time, frequency and/or code domain resources

Proposal 3: For different configured grant-free resources, the corresponding time/frequency/code resources can be non-overlapped, partial overlapped or fully overlapped.

Proposal 4: Further discussion on whether ACK feedback for grant-free transmission is needed.

Proposal 5: Different power control related parameters for grant-free transmission from those for grant-based transmission can be considered.

Proposal 6: Closed-loop power control is supported for grant-free transmission.
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