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1. Introduction

In RAN1#Ah-Hoc meeting, repetition of data transmission for uplink grant-based and grant-free transmission was agreed for URLLC. The resource allocation was also discussed for grant-less transmission with the following agreement:
Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
In this contribution, we further discuss the design of uplink grant-free transmission to support URLLC.
2. On detection for grant-less transmission
For grant-free transmission, gNB has to perform blind detection. If multiple transmission parameters and configurations are supported, the complexity of blind detection which leads to large latency and low reliability will be increased. Therefore, one design target of grant-free transmission is reducing the detection complexity. In this section, we discuss the method to reduce the detection complexity for grant-free transmission.
2.1. Resource allocation
If one transport block is transmitted across all the RBs used for grant-free transmission, gNB will perform multiple channel decodings for different TBSs corresponding to different number of used RBs. In order to reduce the detection complexity, the following methods for resource allocation can be considered:

· Method 1: The total number of RBs used for grant-free transmission is semi-statically configured.
For the small payload data, method 1 will lead to low system efficiency. On the other hand, for the large payload data, method 1 will lead to large latency, since the data will be transmission by multiple slots or mini-slots. Hence, the complexity of method 1 is reduced at the cost of low efficiency or large latency.
· Method 2: A pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
· In frequency, one resource group can contain one RB, multiple continuous RBs or non-continuous RBs.

· One UE uses at least one resource group to transmit grant-free data.

· A transport block is divided into multiple code blocks, and one code block is transmitted on one resource group. MCS can be different for different resource groups.

· DMRS sequence can be generated based on the length of resource group. Channel estimation is performed within each resource group.
· The total number or counter number of resource groups transmitted in current slot/mini-slot by the same UE should be contained in each resource group, in order to help the gNB determines whether all of the data has been received for one UE.
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Fig.1 Mapping of resource groups

· In order to further reduce the number of blind decodes, limitation on the resource allocation of each resource group can be introduced. As shown in Fig. 2, a semi-statically configured resource pool contains 16 RBs in frequency, and one resource group contains four continuous RBs. Without resource overlap, 4 resource group candidates are contained in the resource pool, as shown in Fig. 2-a. Resource overlap can be used to support more resource group candidates, as shown in Fig. 2-b.
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Fig.2 Candidates of the resource group
Method 2 can reduce the detection complexity and provide certain scheduling flexibility. Therefore, we propose a pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
Proposal 1: A pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
2.2. MCS

If multiple MCSs are supported by one UE for grant-free transmission, gNB will perform multiple channel decodings for different TBSs corresponding to different MCSs. In order to reduce the detection complexity, the following options to determine MCS can be considered:

· Option 1: MCS is semi-statically configured.

· Option 2: MCS is indicated by the UE within the grant-free data.

For option 2, in order to avoid the blind decoding of MCS indication, limited MCS levels can be per-configured by gNB. K bits are used to indicate MCS of grant-free data, where K should be as small as possible. And the number of REs used to transmit MCS indication in each resource group can be semi-statically configured.

Taking into consideration of the efficiency and reliability, both above two options for MCS indication can be further studied.
3. HARQ for grant-less transmission
3.1. Repetition transmission
It was agreed that K repetitions (with the same or different RV and FFS with different MCS) for the same transport block are supported for UL transmission without grant. Though the initial transmission is grant-less, the retransmission can be grant-based or no-ACK-based. For the former case, the retransmission is scheduled by gNB via UL grant after gNB failed to demodulate the data. The issue is how gNB can know whether there was transmission from UEs especially when the channel state is poor or there is resource collision. For the latter case, if UE can’t detect ACK for data from a downlink control channel, UE would retransmit the data. Before there is resource for ACK indication, the data would be held and new data could be transmitted if needed. However, if there is no DL control resource for a long time (e.g. there are continuous uplink slots or the current slot is long), and no ACK is indicated in the next DL control resource, the latency would be an issue.
To meet the requirement on low latency and high reliability of URLLC, autonomous retransmission can be introduced. During the time waiting for ACK from gNB, UE can continuously transmit one data by multiple times. The resources for autonomous retransmission can be predefined or pre-configured to UE. Low latency and high reliability can be ensured for URLLC at the cost of resource overhead at least in case URLLC resources are sufficient. Fig.3 and Fig.4 show two application examples of autonomous retransmission. The repeated data can be transmitted by mini-slots within one slot length, or by multiple slots when the subcarrier spacing is large.
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Fig.3 Autonomous retransmission for grant-less uplink within a slot
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Fig.4 Autonomous retransmission for grant-less uplink by multiple slots
Proposal 2:  Autonomous retransmission without gNB indication/scheduling is supported for uplink grant-less transmission to satisfy the low latency of URLLC.
In case the grant-less transmission of two UEs collide in the same resource, eNB may fail to detect both data. Then the two UEs would retransmit the data without grant. There is probability that the two UEs would collide again. Similar to the discovery signal design in D2D, a hopping pattern to obtain the resources for retransmission can be introduced to reduce the probability of consistent collision and improve the reliability. A UE-specific hopping pattern can be pre-configured by gNB or obtained via some known UE-specific ID. Especially when autonomous retransmission in proposal 1 is supported for grant-less transmission, a UE-specific hopping pattern is necessary to reduce collision probability as shown in Fig.5.
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Fig.5 Autonomous retransmission with UE-specific hopping pattern
Proposal 3: UE-specific hopping pattern can be introduced for initial transmission and retransmission to avoid consistent collision.

3.2. ACK indication
In LTE, ACK/NACK for the uplink data is transmitted on PHICH, and the resource of PHICH is determined by the lowest PRB used to transmit the uplink data, i.e. the resource used to transmit ACK/NACK is implicitly indicated by the uplink grant.

In NR, “At least asynchronous and adaptive HARQ is supported for eMBB”. Therefore, the explicit ACK/NACK is not needed for eMBB uplink data, and the retransmission is triggered by uplink grant. However, for uplink grant-free transmission, gNB cannot know the UE transmit data unless the data is correctly decoded, i.e. gNB can only transmit ACK for grant-free transmission. Hence, for grant-free transmission, gNB cannot trigger the uplink retransmission but can stop the retransmission, which is useful for improving the system efficiency and reducing the latency

Observation 1: For uplink grant-free transmission, gNB cannot trigger the uplink retransmission but can stop the retransmission.
Observation 2: For uplink grant-free transmission, ACK should be indicated to the UE.
Following approaches can be considered to indicate ACK for the uplink grant-free transmission:

· Approach 1: A dedicated sequence is used to indicate ACK with a fixed timing.
The sequence index and the used REs should be determined by some UE-specific parameter(s), such as UE ID, and/or semi-static parameter(s). Once a UE transmit a grant-free data, the UE can determine all of the resources used to transmit ACK without any information dynamically indicated by the gNB.

Furthermore, the timing between grant-free data and the sequence to indicate ACK should be fixed, in order to:

· Avoid the blind decoding of the sequence which leads to the detection performance degeneration.

· Reduce the probability of collision with the UEs transmit grant-free data in other slots/mini-slots.
· Approach 2: The uplink/downlink grant transmitted within a timing window is used to indicate ACK.

Once the gNB correctly receives a grant-free data from UE A, the gNB should transmit an uplink/downlink grant to UE A:

· If an uplink grant is received, UE A knows the grant-free data has been correctly received and new uplink date is scheduled. No dedicated information field need to be introduced to indicate ACK.

· If a downlink grant is used to indicate ACK for grant-free transmission, a dedicated information field is needed, since the uplink service and downlink service are usually independent.

A timing window can be introduced for this approach in order to avoid large latency caused by waiting ACK, but can also provide some scheduling flexibility to gNB, as shown in Fig.6.
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Fig.6 Figure for approach 2
Comparing to approach 1, the advantage of approach 2 is no separated design and procedure are needed to support uplink grant-free transmission, which is beneficial to improve the system efficiency.
Proposal 4: Following approaches can be further studied to indicate ACK for the uplink grant-free transmission
· Approach 1: A dedicated sequence is used to indicate ACK with a fixed timing.

· Approach 2: The uplink/downlink grant transmitted within a timing window is used to indicate ACK.
4. Conclusions
In this contribution, we discuss the resource allocation and HARQ design of uplink grant-less transmission for URLLC. We have the following proposals:
Observation 1: For uplink grant-free transmission, gNB cannot trigger the uplink retransmission but can stop the retransmission.

Observation 2: For uplink grant-free transmission, ACK should be indicated to the UE.
Proposal 1: A pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
Proposal 2:  Autonomous retransmission is supported for uplink grant-less transmission to satisfy the low latency of URLLC.
Proposal 3: UE-specific hopping pattern can be introduced for initial transmission and retransmission to avoid consistent collision.
Proposal 4: Following approaches can be further studied to indicate ACK for the uplink grant-free transmission
· Approach 1: A dedicated sequence is used to indicate ACK with a fixed timing.

· Approach 2: The uplink/downlink grant transmitted within a timing window is used to indicate ACK.
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