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Introduction
In the context of NR Work Item in [1], RAN1#AH_NR2 June 2017 meeting made progress on Uplink transmission without grant related to the objective:

-	Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
-	Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76. 

Their LS in [2] provides the agreements on grant free transmission.

This contribution proposes to discuss the background of the feature and based on the RAN1 LS, the differences with SPS as per triggered RAN2 LS, finally makes proposals related to signalling aspects.

Discussion
Background of Uplink transmission without grant
Grant based uplink transmission is scheduled by the radio network which uses an uplink grant message to indicate a UE which resource can be used for the next uplink transmission. 

Grant free (or without grant) uplink transmission does not include a scheduling step before the actual uplink transmission, thus the target time requirement of very short 0.5ms user plane latency for URLLC uplink (as per TR 38.913 s7.5: time to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in uplink) can be met.
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GBU, while providing efficient PUSCH usage, includes at least one round trip time delay before the initial transmission. If the amount of data transmitted is very small, the control signalling overhead could be significant. 

GFU has been selected to address the critical issues of latency and signalling overhead of GBU where very short latency along with small data transmission are required for URLLC. 
However due to pre-allocated resources with a certain periodicity, resources would be wasted for sporadic services. While in LTE, SPS (Semi-Persistent Scheduling) was introduced to support VoIP type of services whose constant packets arrive with a nearly fixed periodicity so there is no concern of resource waste. In NR, it was agreed to support multiple UEs to share the same resources to address the resource waste issue.

If multiple UEs are sharing the same time/frequency resources, each of the grant free UEs should be identified separately by DMRS (De-Modulation Reference Symbol).

RAN1 agreements on GFU
Based on [2], two types of Grant free uplink have been agreed as follows:

· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 
                        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
· An MCS/TBS value
· Number of HARQ repetitions K
· Power control related parameters
· FFS HARQ related parameters
· FFS if multiple resources can be configured

· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant
                The functionality of modification is achieved the L1 signalling by activation
                          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
                          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 addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.

From the sequel, a set of resources are periodically pre-allocated to the UE. With Type 1, since the resources are de facto provided by RRC, the UE can start its transmission without waiting for Layer1 activation message. Unlike with Type 2, the UE should wait for the Layer1 activation message including the actual resources allocation.

Functionally, a use case example for Type 1 is directed to infrequent transmission, thus Layer1 parameters adjustment is not necessary. Type 2 is meant for more frequent transmission where Layer1 parameters adjustment is necessary to maximize reliability.

GFU Vs. SPS
When it comes to distinction with SPS as per RAN2 question to RAN1, RAN1 did not provide an answer to leave RAN2 to decide as to a common framework with SPS or not. Distinction from RAN1 point of view is still under discussion.
There are slight differences between GFU Types 1/2 and SPS regarding resource allocation scheme in that SPS can be seen as intermediate resource allocation scheme between GFU Types depending on level of control of Layer1 parameters.
Indeed in SPS, while the Layer1 signalling activates/modifies/deactivates the resource allocation similarly to Type 2, some Layer1 parameters like RB assignments and MCS remain fixed in SPS while amendable in Type 2. Type 1 provides static Layer1 resource allocation compared to SPS.
Related to resource release, while Type 1 allows such feature by RRC SPS deconfiguration, SPS and Type 2 allow it by Layer1.

The table below summarizes the differences between GFU and SPS. 
	
	Type 1
	SPS
	Type 2

	Layer1 params activation/modification
	X
	V
(RB assignments, MCS are fixed)
	V

	SPS Resource release by RRC
	X
	V

	V



RAN1 LS indicates Type 2 has some similarity with LTE UL SPS. the few differences reside in Layer1 parametrization like fixed resource offset (of 40ms) in SPS Vs. variable offset in Type 2. 
Observation: Grant-free transmission is similar to SPS transmission from RAN2 point of view.

Based on the sequel, it is proposed to have the configuration for GFU Type 2 based on SPS.
Proposal 1: Configuration for grant-free transmissions Type 2 is based on SPS configuration.

When it comes to GFU Types configuration, except a few parameters specific to either Type (like FFS: the timing reference for Type 2), the set of parameters are obviously the same as per the same objective to provide resources for uplink transmission. 
The only fundamental difference is whether the UE should wait for Layer 1 signalling activation or not ahead of the uplink transmission. 
It is unlikely that a UE be configured for Type 1 and Type 2 simultaneously at least for the same bearer.
Based on the sequel, it is proposed to use, as configuration, a separate and dedicated Information Element including those Layer1 parameters part of RRC configuration for Type 1 to allow to distinguish in the UE whether to wait for Layer 1 signalling activation.
Such IE should be part of the same GFU configuration in order to allow for switching between Type 1 and Type 2. In RAN1 discussions, the reason for open issue with Type 3 (RRC configuration, no Layer1 activation, Layer1 modification) is that Type 3 is equivalent to depart from Type 1 (RRC configuration, no Layer1 activation) and switch to Type 2. Such switch is to address changing radio conditions requiring Layer1 parameters tuning.
From RAN2 signalling point of view, use of the discriminating IE instead of separate message allows to reduce ASN.1 signalling overhead to minimize specification impacts.

Proposal 2: Configuration for grant-free transmissions Type 1 and Type 2 is based on discriminating Type 1 IE within SPS configuration.
Conclusion
It is proposed to discuss and agree on the proposals: 
Proposal 1: Configuration for grant-free transmissions Type 2 is based on SPS configuration.
Proposal 2: Configuration for grant-free transmissions Type 1 and Type 2 is based on discriminating Type 1 IE within SPS configuration.
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