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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 Ad Hoc and RAN1#88, the following agreements on grant-free resource configuration were achieved for URLLC [1] [2] and [3]:

Agreements in RAN1 Ad Hoc:
1. For an UL transmission scheme without grant
0. at least semi-static resource (re-)configuration is supported
0. FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
0. Higher-layer signaling could be similar to Rel-8 LTE SPS
0. FFS: MCS

Agreements in RAN1#88:
1. For UL transmission without grant,
1. The resource configuration includes at least the following
0. Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
0. Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
0. Reference signal parameters
· FFS: Details
0. FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
0. FFS other parameters
1. FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
1. An ACK is successfully received from gNB
1. The number of repetitions for the TB reaches K

Agreements in RAN1#89:
1. If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signaling. 
1. If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied.
1. RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.

[bookmark: _Ref129681832]Based on the agreements, in this contribution, we’ll address the mechanism differences between SPS and GF operations and further discuss more details on grant-free resource configuration. 

 GF and SPS operations
There is discussion on the potential differences between SPS and grant free operations. It is not the terminology but also some functionality differences that need attention. 

Table 1: Summary of key differences between SPS and GF

	Category
	LTE SPS
	GF

	
Target use cases
	
· Periodic traffic such as VoIP
· Easy to tell the starting and ending of the transmissions
	
· Sporadic and non-periodic traffic
· Traffic arrival not predictable


	Applicable UE states
	· Active state
	· Active state
· Inactive state

	
Resource allocation and transmission activation
	· RRC + DCI
· RRC configures only periodicity and DCI configures frequency resources and other transmission parameters
· UE Needs to wait for DCI activation to start the transmission
	· RRC only
· RRC configures all T/F resources as well as transmission parameters such as RS, MCS, repetitions, etc.
· UE can directly transmit after RRC configuration without waiting for DCI activation

	
gNB UE detection and UE Tx behavior 

	· gNB will try to detect UE  in  a configured grant
· Need to configure “UL skip” due to the configured grant for  the scenarios when UE no data to transmit 
	· gNB needs to detect  the UE activity [4]
· No need to configure “UL skip” as no  configured grant to commit by UE

	
Contention resolution for shared resource
	
· Assuming UE use dedicated resource and thus no specific contention based resolution defined
	· Configure different DMRS for UE activity detection in shared resource [4]
· K repetitions with potential hopping to avoid constant collision [4]
· GF2GB switch for the retransmission of the same TB

	
HARQ related design [4]
	· Synchronous automatic HARQ based on fixed relative timing
· Asynchronous grant-based HARQ
	· K repetitions with potential early ACK termination
· GF2GB switch for the retransmission of the same TB with the mechanism to identify and notify the TB to be retransmitted
· Potential GF2GF retransmission if no ACK/UL grant is received after K repetitions

	
Freedom at UE side
	· No freedom at UE side but follow the configured grant
· All parameters are thus known at gNB before transmission
	· UE may have the freedom to choose from multiple configured resources and parameters 
· Some parameters may not be known before the packet is received at gNB


A summary on comparison between SPS and grant-free is given in Table 1, which has shown individual advantages and benefits of SPS and GF.  Given the obvious differences, signaling and applications, it makes sense to configure and operate GF and SPS as two separate modes.

Observation 1: In view of above descriptions and analysis, GF and SPS should be considered and operate as two separate modes.  NR SPS can re-use LTE SPS mechanisms for periodic traffic and design GF operation to accommodate sporadic and non-periodic traffic, which can have a simplified mechanism of UE data transmission after RRC configuration without L1 activation signaling. 
Proposal 1: UL GF and SPS should be considered and operate as two separate modes.
 
GF resource configuration
Content for GF RRC configuration 
The RRC signaling for grant-free resource configuration should include at least the following content. 
· Time/frequency resources
· DMRS parameters
· MCS
· Number of repetitions K
· Open-loop power control parameters, where the power control parameters may include at least the fields similar to LTE SPS configuration.
· HARQ process related parameters, e.g., the maximum number of HARQ process supported for grant-free transmission. 
·  Hopping parameters
The exact format to convey such content can be further studied.
Proposal 2: The RRC signaling for grant-free resource configuration should include at least the time and frequency resources, DMRS parameters(as agreed), MCS, number of repetition K.

Repetition related resource configuration
The number of maximum repetitions, K, should be a configurable parameter and the configuration of the parameter can be UE-specific, and/or cell specific.
Note that for sporadic small packets transmission, the channel measurement could not be accurate all the time, so the adjustment of K does not need to be very fast. In such a sense, semi-static configuration of K via RRC signaling is good enough. To be efficient for repetition transmissions, an early acknowledgement of successful transmission can help increase the resource utilization as well as reducing the interference to other users. In fact, with such a scheme, it can obtain UE specific optimal number of repetitions without any prior channel information.
Moreover, to reduce the latency and improve the efficiency of a URLLC system, there is no need to separate the resource for initial transmission and repetitions. 
Proposal 3: For UL transmission without grant, an early acknowledgement of successful transmission can be supported in the grant-free repetitions. 

HARQ processes for GF
For GF transmission, since there may be multiple packets in a UE’s buffer, it is beneficial to support multiple HARQ processes.  However, the maximum number of HARQ process supported for a UE’s GF transmission may be different from that of the grant-based transmission. Therefore, the HARQ process related parameters, such as the maximum number of supported HARQ process for GF, and more details should be further studied. 
Proposal 4: For UL transmission without grant, HARQ details and mechanisms to facilitate soft combining should be further studied.

Resource hopping configuration
For grant-free transmission, UE may perform continuous repetition without any further signaling. Multiple UEs can access the same grant-free access region/resources. If multiple UEs continue to access the same grant-free region during repetition/retransmission, a persistent collision happens, which is not desirable. For increasing reliability, it is essential to configure resource hopping such that UEs that access the same region can hop to difference resources during repetition/retransmission, and can have at least frequency diversity. Due to the low latency constraint, frequency domain hopping is preferred. As a result, UE specific hopping configuration should be supported for grant-free.
Proposal 5: UE specific frequency hopping can be further studied for UL transmission without grant. 

Conclusions
In this contribution, we have addressed the differences between GF and SPS operations and further discussed resource configuration for grant-free transmissions. Through the discussions, we have the following observations.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: In view of above descriptions and analysis, GF and SPS should be considered and operate as two separate modes.  NR SPS can re-use LTE SPS mechanisms for periodic traffic and design GF operation to accommodate sporadic and non-periodic traffic, which can have a simplified mechanism of UE data transmission after RRC configuration without L1 activation signaling. 

Proposal 1: UL GF and SPS should be considered and operate as two separate modes.

Proposal 2: The RRC signaling for grant-free resource configuration should include at least the time and frequency resources, DMRS parameters(as agreed), MCS, number of repetition K.  
Proposal 3: For UL transmission without grant, an early acknowledgement of successful transmission can be supported in the grant-free repetitions. 
Proposal 4: For UL transmission without grant, HARQ details and mechanisms to facilitate soft combining should be further studied.
Proposal 5: UE specific frequency hopping can be further studied for UL transmission without grant.
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