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1. Introduction

In RAN2#99 meeting, some consensuses were made regarding UL grant-free on how to configure the Type 1 resources to the UE but without details. In this contribution, we provide our further considerations on configuration issue of Type 1 for UEs in RRC CONNECTED based on RAN1 progress.
2. Discussion
2.1. Multiple resource configuration
In the last RAN2 meeting, it was agreed that 
1.    UL/DL SPS configuration can be configured and activated simultaneously on both PCell and PSCell

2.    SPS can be configured for a SCell.  FFS if it is restricted to a single configuration or can be allowed on multiple SCells.  
In RAN1 NR#3 meeting, it was agreed regardless of Type 1 or Type 2 as follows,
Multiple resource configurations for UL tx without UL grant can be configured to a UE 

Based on above conclusions, it is easy to conclude that multiple resources can be configured on both PCell and SCell for Type 1 grant-free (GF) transmissions. In case of duplication, UE can benefit from the duplication transmission on multiple GF resource if all resources are valid. Also if multiple GF resources have different MCS/TBS then UE can choose one proper configuration per TB based on the radio condition, packet size, etc. 
Proposal 1: Type 1 grant free resource can be configured and activated simultaneously on PCell, PScell and SCell(s). 
In addition, from RAN1 point, both different cell and same cell can support multiple resource configurations for GF. For instance, in case repetition K (>1) is configured, new transmissions cannot be continuous. When the repetition of one TB is ongoing, UE cannot transmit the new data until the repetition of this TB ends. Due to the fact that URLLC service is more sensitive to latency than Voice, and therefore it is a natural thinking to achieve the low latency of each TB by using more configured GF resources. To this end, multiple resource configurations for GF can be configured in one cell, e.g. at least on PCell.
Proposal 2: Multiple Type 1 grant free resources can be configured within one cell.
2.2. L1/L2 parameters
According to RAN1 agreement [1], L1/L2 parameters are summarized in the following table which are configured for a single resource in RRC message, and detailed RAN1 progress can be found in annex.
	GF parameter
	analysis

	UL-GF-time-dom

>duration

>slot format
	Time domain resource for UL-GF, e.g X slot and slot type. The unit of the Time domain information can be based on symbol or slot.

	UL-GF-freq-dom

>carrier Index

>PRB ID

>CP length

>SCS
	Frequency domain resource for UL-GF. 

If the resources can be configured in deferent numerology, then CP length and sub-carrier space needs to be configured. Same as applied to the waveform.



	UL-GF-offset
>sub frame ID

>slot/symbol ID
	Timing Offset for UL-GF, e.g sub-frame N, Slot M.

The resource offset should be the absolute position in one system frame. It can be indicated by the combination of the sub-frame number and symbol/slot number. The slot number has less overhead, but the deferent type of slot has deferent number of symbol, therefore the symbol number ID is slightly preferred.

	UL-GF-periodicity
	Interval between two UL-GF occasion

	UL-GF-repK
	The number of repetitions of K for UL-GF

	UL-GF-MCS-TBS
	MCS/TBS for UL-GF

	UL-GF-Power-Control

>P0

> alpha
	Open loop power control related parameters for UL-GF. The initial K repetition transmission is naturally based on open loop power control.

	UL-GF-DMRS
	UE-specific DMRS configuration for UL-GF

	UL-GF-RNTI
	UL-GF-RNTI is used for UL-GF feedback or switch to grant based retransmission


Table 1 RRC parameter based on RAN1 LS

With the support of multiple resource configurations for Type 1 GF, how to configure the parameters listed in the table 1 need to be discussed. From our understanding, DMRS, RNTI and waveform shall be configured per UE and the others can be configured per resource instead. 
RAN 2 agreed to introduce the “period” for GF transmission, with the introduction of repetition, the definition of “period” needs to be revisited accordingly.  Figure 1 illustrates UE performs the initial grant free on the any grant fee resource. The repetitions follow the initial transmission with the same HARQ ID.  In LTE, the period is defined as the interval of the initial transmission bases on VOIP service model, e.g. 20ms. But for URLLC service, it is not suitable to define such a long period. NR could configure grant free occasion with very short period for URLLC, therefore period should be defined as the interval between two consecutive GF occasions.  
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Figure 1 Example of flexible intial transmison for type 1 grant transmison 
Observation 1: Period of GF resources should be defined as the interval between two consecutive GF occasions in support of URLLC services.
Proposal 3: For Type1 grant free, DMRS, GF-RNTI and waveform shall be configured per UE and the following parameter shall be configured per resource by RRC signaling:

· Time domain resource 
· Frequency domain resource
· Offset 
· Periodicity
· Power control
· Repetition K
· MCS/TBS
Besides above parameters mentioned by RAN1 LS, from RAN2 point, it is necessary to investigate more parameters that can be used for L2 handling, e.g. UL HARQ. In the rest, we mainly discuss the HARQ related parameters for Type 1 GF transmission.
It was agreed in RAN1 to support multiple HARQ processes for GF. Thereafter, both UE and gNB shall be able to determine the HARQ process ID related to the number of HARQ process used for GF transmission. In this case, the number of HARQ process per resource shall be configured. In addition, if multiple GF resources are configured within one cell, HARQ ID offset shall be used for the HARQ process ID determination in order to differentiate the HARQ process ID, more details can be found in [2]. 
Proposal 4: Number of HARQ Processes for Type 1 GF should be configured per resource.  
Proposal 5: HARQ process ID offset for Type 1 GF shall be configured per resource.
RAN1 is also considering the retransmission using GF resource for at least Type 1 GF with the benefit of making full utilization of GF resources. In this case, the maximum number of HARQ transmissions is needed for the HARQ buffer management. Then, it can be used to count the maximum number of grant free (re-)transmission and scheduled (re-)transmission if available associated with one HARQ process. If repetition K is configured, the number of HARQ re-transmission shall be accumulated with each repetition. 
Proposal 6: Maximum number of HARQ transmissions for Type 1 GF should be configured per UE.
In the last RAN2 meeting, the problem of whether new transmission can be always on GF occasion is identified. Generally, there are two possible modes from UE perspective regarding whether the initial transmission is successful or not.
· ACK assumed mode, 
In this case, it is needed to configure one window to monitor NACK for the HARQ process after the initial GF transmission. Then, UE considers the transmission is successful if no NACK/UL grant is received at the end of the window. 
· NACK assumed mode
In this case, if no ACK is received after initial transmission, UE consider the transmission fails. If the grant is received during the window then UE performs retransmission on UL grant, otherwise, UE performs grant free retransmission.  The potential case would be that gNB can not decode both DMRS and data. Therefore, NACK assumed mode should  be supported for reliability.  
Proposal 7: The HARQ feedback window for Type 1 GF should be configured per UE. 
3. Conclusion
In this contribution, we provide our considerations on configurations for type 1 GF in NR:
Proposal 1: Type 1 grant free resource can be configured and activated simultaneously on PCell, PScell and SCell(s). 

Proposal 2: Multiple Type 1 grant free resources can be configured within one cell.
Observation 1: Period of GF resources should be defined as the interval between two consecutive GF occasions in support of URLLC services.
Proposal 3: For Type1 grant free, DMRS, GF-RNTI and waveform shall be configured per UE and the following parameter shall be configured per resource by RRC signaling:

· Time domain resource 
· Frequency domain resource
· Offset 
· Periodicity
· Power control
· Repetition K
· MCS/TBS
Proposal 4: Number of HARQ Processes for Type 1 GF should be configured per resource.  

Proposal 5: HARQ process ID offset for Type 1 GF shall be configured per resource.
Proposal 6: Maximum number of HARQ transmissions for Type 1 GF should be configured per UE.
Proposal 7: The HARQ feedback window for Type 1 GF should be configured per UE. 
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5. Annex

In RAN1#89b meeting, the following agreements regarding the UL data transmission without grant were reached in [1]:
	RAN1 #NR-AH2(June 2017)
· 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 addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.

· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
· NR supports more than 1 HARQ process for UL transmission without grant

· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 

· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 


In RAN1#90 meeting, the following agreements of UL GF were further reached [3]:
	· 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)

Email approval about LS until 31st August – Lihui (DOCOMO)
· 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”


In RAN1#3 adhoc meeting, the following agreements of UL GF were reached [4]:
	· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)

· FFS BWP related information for frequency domain resource allocation

· For UL transmission with grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3
· For Type 2 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
· Aim to have the same solution as in the UL with grant case

· Multiple resource configurations for UL tx without UL grant can be configured to a UE

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission
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