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1. [bookmark: DocumentFor][bookmark: OLE_LINK34]Introduction
At the RAN1 #88 [1] and RAN1 #89 meeting [2], the following agreements regarding UL transmission without grant were achieved for UL URLLC:
Agreements in 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
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K
· 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


Agreements in 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
· RAN1is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
· Prepare draft LS to RAN2 in R1-1709745 to inform above agreements 


In this contribution, relationship of UL SPS and UL grant-free transmission is discussed. We provide our views on the design for UL grant-free transmission, including UE identification, time/frequency resource configuration, HARQ and power control. 
2. Discussion
2.1 Relationship of grant-free and UL SPS 
[bookmark: OLE_LINK16]In Rel.8, SPS is configured to apply for periodic traffic like VoIP, to save the control signaling overhead. Consider the traffic periodicity, the minimum SPS interval is 10 ms. Besides, skipping UL transmission is not allowed if there is no data in the buffer. In Rel.14, UL SPS is enhanced to support shorter periodicity like 1 ms. To reduce the unnecessary transmission, UE can be configured to skip the UL transmission if the buffer is empty. 
UL grant-free transmission is beneficial for signaling and latency reduction. RAN1 agreed that grant-free transmission can be semi-statically configured, including time and frequency resources, MCS, repetition number, etc. UL SPS like framework can be applied for UL grant-free configuration, such as resource configuration, activation, deactivation, etc. 
Different from UL SPS, the configuration method for UL grant-free transmission is more flexible. For example, UL grant-free can be performed after semi-static resource configuration in RRC without L1 signalling. Besides, UL grant-free transmission supports very low latency traffic, e.g. URLLC. In order to meet the low latency requirement of URLLC, resources in time-domain for UL grant-free transmission need to be configured in sufficiently short periodicity, e.g. a slot or even less than one slot. In this sense, configuration of UL grant-free transmission based on UL SPS framework needs to be designed to support diverse services. It is up to RAN2 discussion to determine the terminology and signaling method to use for UL grant-free transmission. A detailed configuration method for UL grant-free transmission based on UL SPS is provided in our companion contribution [R2-17xxxxx]. 

2.2 UE identification
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]According to the agreement, the resource configuration for UL grant-free transmission includes time and frequency resources, MCS, RS parameters, etc. In general, dedicated time/frequency resources may be allocated to each UE so that orthogonality of different UEs can be achieved. However, it is limited by the amount of resources. Therefore, it should be supported that multiple UEs can be allocated to the same time/frequency resources. As agreed in RAN1 meeting, RS can be transmitted along with data and UE-specific RS configuration can be configured to UEs. In this sense, RS parameters/configurations can be considered to be used for UE identification. Considering the reliability of UE identification, orthogonal RS parameters/configurations for multiple UEs are desirable. However, it may be limited by the orthogonal RS parameters/configurations. The same RS parameters/configuration for multiple UEs are not unavoidable if number of UEs is larger than the number of RS parameters/configurations. Therefore, it may need to further investigate the impact of the collision of UE identification according to the traffic type. To improve the reliability of UE identification, additional information or signaling besides RS parameters/configurations can be considered.
Proposal 1: RS parameters/configurations can be used for UE identification if number of UE is small. To improve the reliability of UE identification, additional information or signaling besides RS parameters/configurations can be considered

2.3 Resource configuration for grant-free transmission
For grant-free transmission, following resource configuration options can be considered:
· Option 1: each UE is configured with dedicated resources for UL grant-free transmission 
· Option 2: multiple UEs are configured with shared resources for UL grant-free transmission
For option 1, separation of different UEs can be achieved from the orthogonal resource allocation. However, large amount of time/frequency resources are needed to allocate to a number of UEs orthogonally. Option 2 has the benefit of less resource reservation and higher resource utilization. However, collision may happen when multiple UEs sharing the same resources are transmitting UL grant-free data simultaneously. Once the collision happens, retransmission can be scheduled by UL grant if UEs are successfully recognized by dedicated RS parameters/configurations. Although retransmission is one the effective way to handle the collided transmission, it may increase potentially the latency. Therefore, it would be better to control the collision of UL grant-free transmission with appropriate shared resource allocation.
There are two options to be considered for the shared resource configuration:
· Option 1: a resource pool with fixed resource allocation for multiple UEs
· Option 2: a resource pool with multiple resource candidates for multiple UEs
For option 1, it is suitable for UEs with similar packet size. If the packet size varies, option 1 is not efficient due to potential waste of resources. For option 2, amount of resources from a pre-configured resource pool used for UL grant-free transmission can be determined according to the channel condition and the payload. If the packet size of a UE is small, partial resources from the resource pool can be used. In this case, option 2 can achieve better flexibility and resource utilization. 
Proposal 2: Partial resources from the configured resources can be used according to the payload size or channel condition.
If partial resource allocation is adopted for UL grant-free transmission, smaller amount of time/frequency resources will be used if the packet size is small. The UL transmission will not be spanned on the configured resource pool due to small payload. In result, it may not be able to achieve diversity gain. To further achieve time and frequency diversity, comb-like resource configuration can be considered for UL grant-free transmission. For example, in Figure 1, a resource pool can be divided into 4 resource candidates, each of which is spanned on the total resources of resource pool in a comb-like manner. Each UL grant-free transmission can happen at any of the resource candidates or the whole resources pool depending on the packet size to be transmitted.

[image: ]
Figure 1: Examples of comb-like resource configuration for UL grant-free transmission
Proposal 3: To achieve time/frequency diversity, comb-like resource configuration can be considered for UL grant-free transmission

2.4 HARQ process
Consider the requirement of different traffic, e.g. low latency, multiple HARQ processes can be considered for grant-free transmission. The exact number of HARQ processes for UL grant-free transmission depend on the discussion of HARQ processes number for eMBB. 
To facilitate multiple HARQ processes transmission, it is necessary to determine HARQ process ID for grant-free transmission. There are two options for HARQ process ID determination. Option 1) HARQ process ID is mapped with time index, which is similar to LTE asynchronous UL HARQ operation for SPS transmission. Option 2) HARQ process ID is mapped with the resource configuration, i.e. HARQ process ID can be associated with the configured time/frequency resources and/or RS parameters. Option 1 could be the baseline for UL grant-free transmission while option 2 provides more flexibility. If HARQ process ID can be shared, how to map the HARQ process ID of grant-free and grant-based transmission needs to be studied. Explicit or implicit ways to indicate the HARQ process ID of UL grant-free transmission can be considered.
[bookmark: OLE_LINK14]Proposal 4: multiple HARQ processes can be considered for grant-free transmission. LTE based method to determine HARQ process ID for UL grant-free transmission can be the baseline.

2.5 Power control
UL power control is important for power saving and inter-cell interference handling. For UL grant-free transmission, open loop power control can be the baseline, where the power control related parameters are configured based on the semi-static high layer configuration. Considering the requirements of different services, transmission power adjustment should be supported. For example, enhancement on top of open loop power control can be considered. Furthermore, adjustment through closed-loop power control based on e.g. TPC command or UE-specific DCI can also be considered.
Proposal 5: open-loop power is baseline for UL grant-free transmission. Enhancement based on open-loop power control or closed-loop power control can be considered.

3. Conclusion
[bookmark: _GoBack]In this contribution, we discuss the general method to determine the transmission occasion for UL grant-free transmission based on UL SPS framework. The proposals are summarized below.
Proposal 1: RS parameters/configurations can be used for UE identification if number of UE is small. To improve the reliability of UE identification, additional information or signaling besides RS parameters/configurations can be considered.
Proposal 2: Partial resources from the configured resources can be used according to the payload size or channel condition.
Proposal 3: To achieve time/frequency diversity, comb-like resource configuration can be considered for UL grant-free transmission
Proposal 4: multiple HARQ processes can be considered for grant-free transmission. LTE based method for HARQ process ID determination for UL grant-free transmission can be the baseline.
Proposal 5: open-loop power is baseline for UL grant-free transmission. Enhancement based on open-loop power control or closed-loop power control can be considered.
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