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1 Introduction
The modelling of grant-free and SPS is discussed in RAN2 NR#2 meeting and the following agreements were achieved [1]:
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.  
The UL data transmission without grant is also discussed in the RAN1NR#2 meeting and the following agreements were achieved [2]:
Agreements:
· Type of UL data transmission without grant

· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 

· 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

· Note: functionality of modification is achieved the L1 signalling by activation

· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation

· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 

· FFS the reliability issues for L1 signalling.

· For Type 1 UL transmission without UL grant, the 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

· Note: 

· one TB is mapped to a resource at least consisting of time/frequency-domain resource

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· An MCS/TBS value

· Number of repetitions K

· Power control related parameters

· FFS HARQ related parameters

· FFS if multiple resources can be configured

· For Type 2 UL transmission without UL grant

· The 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

· Note: 

· one TB is mapped to one resource 

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· 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 the last RAN1 NR#3 meeting, it was confirmed to exclude Type 3 in Rel.15 as follows [3],
Agreements:
· Type 3 UL transmission without UL grant is not supported in Rel.15.

According to the RAN1 agreements, both Type 1 and Type 2 UL transmission without grant are defined. On the other hand, an LS R1-1711686 was send to RAN2 which clarifies the difference between type 1 and type 2 in [4]. We believe that clear understanding of the two modes is important in order to avoid making the MAC operation too complex. This paper intends to outline the modelling of UL transmission without grant and potential TP for it in MAC specification.
2 Discussion
2.1 UL transmission without grant
· Naming of UL transmission without grant
Per the agreements from RAN1, “UL transmission without grant” has some variants including at least type 1 and type 2. Regarding the description of type 2 that “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”, our understanding is that type 2 is similar with SPS, but may not be exact SPS as in LTE as the details are still for FFS. If it is activated, no extra signalling is needed for the grant of data transmission. Regarding Type 1, it works with RRC configuration only and no extra L1 scheduling signalling is needed. In other words, date transmission for Type 1 is performed without extra grant once it is configured. Hence, it is obvious that “grant-free” is essential characteristic among Type 1 and Type 2 UL GF. In RAN#77 meeting, “UL grant-free” was included in RAN1 work plan aiming December 2017 completion [5]. It is common understanding to use “grant-free” for short. So in order to have a unified MAC operation, from our perspective, grant-free is a general but more suitable term for both type 1 and type 2. Therefore, we propose to use term “grant-free” instead of “UL data transmission without grant” for the simplicity of MAC spec drafting.
Proposal 1: To use the term “grant-free” in TS 38.321 to generalize the different types of UL data transmission without grant from point of a unified MAC operation.
· Resource activation timing for Type 1 GF
Regarding the RAN1 agreement on Type 1 GF, the RRC (re-)configuration includes at least the Periodicity and offset of a resource with respect to SFN=0. Due to lack of L1 signalling for activation, the offset of a resource configured in RRC message should be able to point to the starting transmission occasion. By doing this, the UE could be aware of sequentially occasions for Type 1 GF transmission. Although the offset of a resource maybe configured earlier or later than the instance of reception of RRC message, the UE shall immediately consider validate the resource and can use the resource in the latest available Type 1 resource occasion.
Proposal 2: UE shall immediately activate the Type 1 resource upon reception of RRC configuration message.
· LTE SPS and Type 2 GF
Because the detailed differences between type 1 and type 2 are still under discussion in RAN1, how to separate the mode is not clear for RAN2 now. However, according to the discussion in the last RAN2 Ad hoc meeting, RAN2 will continue discussion on UL SPS with LTE functionality. From this perspective, we would like to use “type 2 grant free” temporally in RAN2 for the discussion of SPS and will not extend any functionality based on LTE because the detailed difference between type 2 grant free and LTE SPS is not clear at this moment.
Proposal 3: To use “Type 2 grant-free” in RAN2 for the discussion of SPS and the functionality of LTE will not be extended.

2.2 Text proposals for Type 2 grant free

In LTE, Semi-Persistent Scheduling C-RNTI is defined and used. With the introduction of grant free, instead, we propose that Grant-Free C-RNTI is used in NR for type 2 grant free aiming at connected mode UE in accordance with the term of “grant-free”.
According to the discussion above, text proposals as in the annex are proposed which is based on the running TS of 38.321. In the TP, we use the acronym GF instead of grant free, and type 1 and type 2 grant free instead of type 1 and type 2 UL data transmission without grant used in the LS from RAN1 to RAN 2.
Proposal 4: To use gf-C-RNTI instead of Semi-Persistent Scheduling C-RNTI in NR for connected mode UE.
Proposal 5: To use the TP as starting point for type 2 grant-free.

3 Conclusion

This contribution discusses mechanism of grant free operation in NR and suggests:

Proposal 6: To use the term “grant-free” in TS 38.321 to generalize the different types of UL data transmission without grant from point of a unified MAC operation.

Proposal 7: UE shall immediately activate the Type 1 resource upon reception of RRC configuration message.

Proposal 8: To use “Type 2 grant-free” in RAN2 for the discussion of SPS and the functionality of LTE will not be extended.

Proposal 9: To use gf-C-RNTI instead of Semi-Persistent Scheduling C-RNTI in NR for connected mode UE.
Proposal 10: To use the TP as starting point for type 2 grant-free.
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Text Proposal for TS 38.321
-----------------------------------------------------------Start of 1st change---------------------------------------------------------------
5.4.2
HARQ operation
5.4.2.1
HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink, which maintains a number of parallel HARQ processes.

Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].

Editor's note: The exact reference (i.e. subclause) to be included later.
The HARQ process supports one TB when the physical layer is not configured for uplink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for uplink spatial multiplexing.
Editor's note: When we have HARQ entity behaviours, the following GF skipping behaviour should be captured: In NR, when the UE is configured with GF the UE should always skip GF grant if there is no data to transmit, i.e., Skipping GF grant is mandated in NR regardless of GF periodicity. 
-----------------------------------------------------------End of 1st change---------------------------------------------------------------
-----------------------------------------------------------Start of 2nd change--------------------------------------------------------------
5.8
Type 2 Grant-Free
5.8.1
General

RRC configures the following parameters when Semi-Persistent Scheduling (SPS) is configured:
-
gf-C-RNTI: Grant-Free C-RNTI;

-
gf-IntervalDL: Downlink GF interval if type 2 GF is configured for the downlink;
-
gf-IntervalUL: Uplink GF interval if type 2 GF is configured for the uplink.

Editor's note: The name of RRC parameters gf-IntervalUL and gf-IntervalDL are tentatively used to capture the agreement, but can be changed later.
Editor's note: gf-C-RNTI was tentatively added, but needs to confirm by both RAN1 and RAN2. Other parameters used in LTE (e.g. numberOfConfDL/UL type 2 GF) can be added after having agreements in RAN2. Also editorial changes were made for the consistency.

When type 2 GF for uplink or downlink is released by RRC, the corresponding configured grant or configured assignment shall be discarded.
type 2 GF is supported on any serving cell (i.e. SpCell or SCell), and the MAC entity is configured with at most one type 2 GF configuration per serving cell.
Editor's note: It is still FFS the number of type 2 GF configurations per cell group (MCG/SCG) even if RAN2 agreed to allow it for SCell. Also the agreement 'UL/DL type 2 GF configuration can be configured and activated simultaneously on both PCell and PSCell' can be captured later.

-----------------------------------------------------------End of 2nd change---------------------------------------------------------------
-----------------------------------------------------------Start of 3rd change--------------------------------------------------------------
5.8.3
Uplink

Editor's note: The equation to calculate UL grant subframes/NR-UNITs to be added later (after having SFN details).
The MAC entity shall:

1>
if type 2 GF confirmation has been triggered and not cancelled; and

1>
if the MAC entity has UL resources allocated for new transmission for this NR-UNIT:
2>
instruct the Multiplexing and Assembly procedure to generate an type 2 GF confirmation MAC CE as defined in subclause 6.1.3.xx;

2>
cancel the triggered type 2 GF confirmation.
The MAC entity shall clear the configured uplink grant immediately after first transmission of type 2 GF confirmation MAC CE triggered by the type 2 GF release.

NOTE:
Retransmissions for type 2 GF may continue after clearing the configured uplink grant.
Editor's note: Based on the agreement, type 2 GF confirmation part has been added based on LTE text (with some modifications to utilize a bullet style). Subclause number will be updated later.
-----------------------------------------------------------End of 3rd change--------------------------------------------------------------
-----------------------------------------------------------Start of 4th change--------------------------------------------------------------
6.1.3
MAC Control Elements
Editor's Note: Editor thinks the following MAC CEs are essential, but RAN2 should discuss first.

-
C-RNTI MAC CE

-
BSR MAC CE

-
UE Contention Resolution Identity MAC CE (in RA)

-
Timing Advance Command MAC CE

-
DRX Command MAC CE, Long DRX Command MAC CE
-
type 2 GF confirmation MAC CE


-
PHR MAC CE (also need to consider CA and DC)

-
Activation/Deactivation MAC CE (for CA)

-
Duplication Activation/Deactivation MAC CE (for PDCP duplication)

-----------------------------------------------------------End of 4th change--------------------------------------------------------------
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