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1   Introduction

Grant-free procedure has been in active discussions in 3GPP RAN1 and RAN2 meetings where multiple aspects related to RRC configuration and HARQ processing are being discussed, some of the agreements which have been made for grant-free transmission are listed below [1][2][3]:
RAN1#90 Agreements:
  Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
  It is not necessary to support Type 3 UL transmission without UL grant

  Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).

  Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
  For Type 1:

•        Option 1: Fixed to

  1-1: a single value

  1-2: a RV pattern  

•        Option 2: RRC configured

  2-1: a single value

  2-2: a RV pattern  

  For Type 2:

•        Option 1: Same as Type 1

•        Option 2: Based on the L1 signalling

  Repetition number K for Type 2 UL transmission without grant is down-selected from the following:

  Option 1: Only RRC signalling

  Option 2: Combination of RRC + L1 activation signalling

  At least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed.
  FFS how to determine the RNTI.
  For Type 2 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed for activation/deactivation and at least for re-transmission.

  FFS how to determine the RNTI. 

  Send a LS to RAN2 to inform all the agreements (Lihui)

  If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
  Option 1: Based on UL grant to indicate “ACK”

  Option 2: Group-common DCI

  2-1: Only ACK 

  2-2: ACK and NACK

  Option 3: Define a Timer, UE assumes following, when the Timer expires

  3-1: ACK if an NACK is not received after the K repetitions

  3-2: NACK if an ACK is not received 

  FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 

  Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
RAN2#NR-AdHoc2 Agreements 

=>
Modelling in the MAC for grant-free will be discussed after the difference between the two schemes is better understood pending RAN1 progress.  RAN2 will aim to have a unified MAC operation for common functionalities between grant-free and UL SPS with understanding that there can be differences after input from RAN1. 
=>
RAN2 understands that to support UL SPS similar to LTE a mode of operation in which RRC configuration (with no initial PHY resources) with L1 activation/deactivation needs to be supported.  RAN2 will continue discussion on UL SPS, with LTE functionality.  

=>
A common RRC signalling can be design to allow the configuration of different UL transmissions schemes.  

RAN2#99 Agreement

=>
For UEs in RRC_Connected mode, resources for “Type 1” resources are configured by dedicated RRC signalling  

In this paper, we discuss how to develop and support MAC framework for UL SPS and grant-free Type-1 and Type-2 transmissions.

2   Discussion
RAN1 is currently discussing procedures for grant-free transmission, which is expected to be primarily used to cater to the requirements of URLLC data traffic, which demands high reliability and low user plane latency. From reliability perspective, grant-free transmission will support multiple repetitions of same TB, however details for exact procedure (e.g. resource allocation and HARQ processing) still needs to be agreed on by RAN1. To reduce the latency of data transmission, several aspects have been discussed and agreed for e.g. frequent grant-free resource allocation with UL skipping, pre-activated grant-free resource, etc. To improve radio resource efficiency for the given latency enhancements, resource sharing by multiple users is being considered. 
In order to support pre-activated grant-free resource, RAN1 has decided to define two modes of activation of the grant-free configuration:
1) Type-1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling
2) 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
Based on the above description, Type-2 grant-free operation seems to be more in line with LTE UL SPS mechanism. Major differences between Type-1 and Type-2 grant free as compared with LTE UL SPS mechanism are provided in Table 1.

Table 1 Differences between Type-1 Grant-free, Type-2 Grant-free and UL SPS

	Procedure/Parameter
	Description
	Type 1
	Type 2
	UL SPS

	Resource Periodicity
	resource determination
	RRC
	RRC
	RRC

	offset/activation time
	resource determination
	RRC
	L1
	L1

	Time domain resource allocation
	resource determination
	RRC
	L1
	L1

	Frequency domain resource allocation
	resource determination
	RRC
	L1
	L1

	MCS/TBS value
	resource determination
	RRC
	L1
	L1

	RNTI for retransmission
	HARQ operation
	different RNTI for UL transmission with grant

	HARQ related parameters (NDI, HARQ process id..)
	HARQ operation
	FFS if RRC
	FFS if L1
	L1

	Number of HARQ processes
	HARQ operation (HARQ id determination)
	Not discussed (but would be needed)
	RRC

	RNTI for activation/deactivation
	resource activation/deactivation
	N/A
	different RNTI for UL transmission with grant

	Power Control parameters
	uplink power
	RRC
	RRC
	RRC

	MAC CE confirm
	Reliability
	N/A
	Yes
	Yes

	UE-specific DMRS
	resource sharing
	RRC
	L1
	N/A

	K repetition
	L1 repetition
	Yes
	Yes
	No

	Number of repetition K
	L1 repetition
	RRC
	RRC and/or L1
	No

	HARQ feedback
	L1 repetition (Fast stop)
	ACK UL grant or others
	No feedback 


Based on the above description, we can draw following observations:

3) Following basic principles of UL SPS are applied to both modes of grant free transmission
a. Resource for first HARQ transmission is allocated without explicit L1 signalling, i.e. UE determines the radio resource to transmit first HARQ transmission based on grant-free or SPS configured parameters
b. The radio resource allocation is signalled one time and then radio resource allocation is persistent afterward
c. Different RNTI other than C-RNTI is used
4) The major difference which can be observed for grant-free transmission as compared to LTE UL SPS is applicability of L1 repetition and resource sharing considered for grant free transmission
5) RRC configuration and MAC procedures of UL SPS and Type-2 grant-free seem identical except resource sharing and L1 repetition
6) UL SPS and Type-1 grant-free have one more difference that time/frequency domain resource information is signalled via RRC instead of L1.
Observation 1 The major difference between grant-free transmission and LTE UL SPS is applicability of L1 repetition and resource sharing considered for grant free transmission
Observation 2 UL SPS and Type-2 grant-free seem identical except resource sharing and L1 repetition
From RAN2 perspective, how time/frequency resource for grant-free free transmission are signalled to UE is majorly control plane discussion, which will only have small impact on the MAC procedures for scheduling of grant-free transmission. Given that MAC procedures of UL SPS and grant-free are expected to be fundamentally similar and both would require to support same features in future, it seems beneficial to only define a single framework for all the different modes. Defining different MAC procedures for UL SPS and grant-free would only lead to significant standardization and implementation efforts for development and maintenance of the given features. 
Proposal 1: Type 1 grant free transmission and Type 2 grant free transmission are part of UL SPS
In order to support the given transmission modes, we propose to extend the framework of UL SPS to also include L1 repetition and resource sharing. Note that, support of L1 repetition and resource sharing does not imply that different procedures need to be defined for UL SPS, but will allow us to include grant-free procedures within UL SPS.

Proposal 2: L1 repetition and resource sharing are introduced for UL SPS
Since, details of L1 repetitions and resource sharing are still pending in RAN1, it seems preferable that we continue to develop UL SPS without specifying procedures for L1 repetition and resource sharing. The details for the same can be revisited when RAN1 completes their work on the given aspects. 
Proposal 3: UL SPS without L1 repetition and resource sharing is first specified in RAN2 (before RAN1 complete their works)
Proposal 4: L1 repetition and resource sharing can be added after RAN1 complete their works
Proposal 5: Send LS to RAN1 informing the RAN2 agreements
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
The major difference between grant-free transmission and LTE UL SPS is applicability of L1 repetition and resource sharing considered for grant free transmission
Observation 2
UL SPS and Type-2 grant-free seem identical except resource sharing and L1 repetition
Proposal 1:
Type 1 grant free transmission and Type 2 grant free transmission are part of UL SPS
Proposal 2:
L1 repetition and resource sharing are introduced for UL SPS
Proposal 3:
UL SPS without L1 repetition and resource sharing is first specified in RAN2 (before RAN1 complete their works)
Proposal 4:
L1 repetition and resource sharing can be added after RAN1 complete their works
Proposal 5:
Send LS to RAN1 informing the RAN2 agreements
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