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1 Introduction

In the previous RAN1 WG meetings, grant-free UL transmission schemes in application to URLLC were discussed. In this contribution, we continue discussion on uplink grant-free transmission aspects taking into account the following agreements made by RAN1 WG:

Agreements:
	RAN1 #88
· For UL transmission without grant,

· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly

· Reference signal parameters

· FFS: Details

· FFS: The number of repetitions K

· FFS: Whether multiple number of K can be configured to one UE

· FFS other parameters

· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met

· If an UL grant is successfully received for a slot/mini-slot for the same TB

· FFS: How to determine the grant is for the same TB

· FFS: An acknowledgement/indication of successful receiving of that TB from gNB

· The number of repetitions for that TB reaches K

· FFS: Whether it is possible to determine if the grant is for the same TB

· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

· Note that other termination condition of repetition may apply

RAN1 #89
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 

· 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.


The contribution mainly discusses physical layer procedures related to grant-free UL transmissions. The resource configuration for grant-free operation are presented in our companion contribution [3]. Other aspects related to support of URLLC services in NR are discussed in [1]-[6].

2 Activation and Deactivation Mechanisms

At the last RAN1#89 meeting it was agreed to introduce a configurable mechanism of L1 activation/deactivation, i.e. a UE can be configured to monitor L1 activation and deactivation signal to start grant-free transmission or release grant-free resources. If not configured to monitor, then RRC configuration is deemed sufficient to start transmission.
The details of such monitoring configuration may be left to RAN2, however it needs to be decided what kind of L1 signaling is used for activation / deactivation. In LTE, the activation / deactivation is performed by the same DCI format which schedules non-persistent UL transmission with special settings of unused fields and CRC scrambling by a dedicated RNTI.

In order to limit the number of blind decoding, the activation / deactivation DCI format should have the same size as one of the monitored formats. E.g. it may have the same size as the UL grant or another compact DCI. The format may be also used to reconfigure some of the transmission parameters. The final decision on which format is used for activation should be based on the required content of such signaling.
Proposal 1
· At least one DCI format size is used for L1 activation, deactivation, and reconfiguration.

The following alternatives are envisioned:
Option 1. Activation signal conveys all/partial transmission parameters.

Option 2. Activation signal conveys a one bit indication to activate / deactivate a particular resource configuration.
As it was discussed in [3], many transmission parameters may need to be changed during UE operation in order to adapt for changing propagation conditions and/or traffic demands. Additionally, the L1 activation based service is not assumed to be mission critical, therefore optimization of the link budget of such indication may not be necessary. Thus, a straightforward approach would be to base the activation signal design on the DCI for UL grant, i.e. the Option 1. The DCI may have frequency allocation, MCS/RV, TPC fields that may be used to reconfigure the grant-free transmissions. In order to reconfigure other parameters including time-frequency transmission patterns, the RRC mechanism needs to be triggered.
3 UE Identification

The issue of UE identification was discussed in RAN1. Since RAN1 is going to allow UEs to skip transmissions in active resources when there is no data in buffer as well as allow UEs to share resources, the problem of reliable UE identification may be much more challenging comparing to LTE SPS. In our view, the flexible mechanisms of resource configuration including transmission patterns, DM-RS, scrambling, etc. as discussed in [3] are sufficient to allow gNB identify UEs. In particular, gNB may limit the number of UEs with overlapping transmission patterns and then assign orthogonal / quasi-orthogonal DM-RS sequences to them.
Proposal 2
· Flexible mechanism of UE-specific grant-free resource configuration including DM-RS is deemed sufficient for UE identification.

4 HARQ Retransmissions
One of the agreed termination conditions for the repetitions is a reception of a grant which schedules transmission for the same TB. This behavior can be classified as a switching from grant-free to grant-based operation. In this case, a gNB may assign dedicated resources for retransmission in order to ensure it is delivered within the latency budget. However, there are many details to be decided regarding such behavior.
Number of HARQ processes

Considering URLLC use cases that require high reliability and low latency, the necessity and the benefits from support of multiple HARQ processes is not clear. Even with segmentation in mind, to meet latency requirements, it is expected that grant-free retransmissions may occur with minimal delays, i.e., at consecutive available transmission opportunities. Once a TB is either successfully received or the TB switched to grant-based retransmissions, the HPN for the grant-free transmissions can be freed-up and reused for possible other TBs. 

Multiple HARQ processes for grant-free UL transmissions can be useful mainly if different resource configurations are provided (and activated) for a UE, with transmission opportunities interlaced in time-domain. However, for UL transmissions targeting low latency, the need for running such concurrent processes may need further consideration. Perhaps inputs from RAN2 may be desirable in this regard.

In summary, a single HARQ process per resource configuration should be considered as the starting point for grant-free transmissions.
Proposal 3
· A single HARQ process per resource configuration should be considered as the starting point for grant-free transmissions.

In case of multiple HARQ processes, a UE needs to be able to link the received grant with the transmitted transport block in order to understand which TB to be retransmitted. In order to associate the DCI with a TB, a UE can try to deduct that the DCI is for a particular TB by applying implicit linkage assuming only one TB is transmitted in one transmission interval. In this case, if the interval between detected UE transmission and a grant is fixed, it may unambiguously determine which TB should be retransmitted. If the timing between a detected transmission and a retransmission grant is not preconfigured, then an explicit indication of the retransmitted TB should be carried by DCI. The HPN in this DCI may be set based on the rule known to UE. For example, from the overall number of HARQ processes, some of them may be reserved to grant-free operation and associated with each resource configuration.
Proposal 4
· In case of multiple grant-free HARQ processes, HPN for scheduling retransmissions is associated with the resource configuration used for initial transmission and its automatic repetitions.

If a UE detects that a grant for one TB overlaps with transmission of another ongoing TB it should assume precedence of the grant comparing to the grant-free retransmissions. In case a grant is received for a new TB (e.g. for aperiodic CSI reporting) and overlaps with the grant-free transmissions, then the grant-free transmissions may be dropped in these resources. Alternatively, a prioritization rule whether to transmit the triggered report or the grant-free data may be introduced depending on priority of the associated services. For example, if URLLC service is assumed, then the CSI reporting may be dropped.
Proposal 5
· If a granted resource overlaps with transmission resources for another ongoing TB for the same service priority, the granted retransmission should be prioritized.
· If a granted resource for a new TB overlaps with an ongoing grant-free transmission, a decision to drop one of the transmissions should be based on service priority.
Additional termination conditions

Another repetition termination condition currently on the table is the potential introduction of a dedicated PHICH-like channel for early termination. In our view, current agreements on termination by receiving a dynamic grant or by reaching the maximum number of repetitions may be sufficient to support low latency services. Note, that there is a small implication on potential reliability since missing of the termination grant will not reduce the reliability of currently transmitted transport block. The only reason to introduce such PHICH-like channel is to optimize the control channel capacity, system capacity, and UE power consumption in case of large K values.  However, design of a separate channel like PHICH, requiring further considerations of monitoring and synchronized timing relationships, may need further justification. In case support of early termination feature is determined as necessary, this could be realized via DCI-based indication.
Observation 1
· Current agreements on termination conditions for grant-free may be sufficient to support low latency services.
5 Timing Advance Handling

Since UL grant-free transmissions are supported only in connected mode, the scenario is similar to grant-based mechanisms, wherein typically the UE with URLLC traffic/service is expected to maintain UL synchronization, and maintenance of UL synchronization can follow usual connected mode behavior. Therefore, no special procedure of timing advance handling / update is required at this stage.

Observation 2
· No special timing advance handling procedure is introduced for grant-free UL operation.
6 Conclusions

In this contribution, we discussed design aspects of UL grant-free transmission in application to low latency services. Based on the analysis, we have the following proposals and observations:

Proposal 1
· At least one DCI format size is used for L1 activation, deactivation, and reconfiguration.
Proposal 2

· Flexible mechanism of UE-specific grant-free resource configuration including DM-RS is deemed sufficient for UE identification.
Proposal 3
· A single HARQ process per resource configuration should be considered as the starting point for grant-free transmissions.
Proposal 4
· In case of multiple grant-free HARQ processes, HPN for scheduling retransmissions is associated with the resource configuration used for initial transmission and its automatic repetitions.
Proposal 5
· If a granted resource overlaps with transmission resources for another ongoing TB for the same service priority, the granted retransmission should be prioritized.
· If a granted resource for a new TB overlaps with an ongoing grant-free transmission, a decision to drop one of the transmissions should be based on service priority.
Observation 1
· Current agreements on termination conditions for grant-free may be sufficient to support low latency services.
Observation 2
· No special timing advance handling procedure is introduced for grant-free UL operation.
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