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Introduction
Grant free operation was discussed in the last RAN2#97bis meeting[1] and the following agreements were achieved:

=>	From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.

Agreements:
-	Like in legacy LTE, at least SPS period is configured by RRC.  FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion. 
-	UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable
-	Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.

Using grant free mechanism to support multiple numerology was discussed in RAN2#98 meeting[2]:

Agreements:
1.	In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.
2.	LCP is performed the same regardless whether the grant is dynamic or SPS.  SPS is a “configured grant”.
3.	FFS is multiple SPS is supported for duplication or to support different numerologies
4.	Implicit release of UL SPS resources is not supported

Also, RAN2 is informed by RAN1’s LS with following agreements on UL data transmission without UL grant (grant free/contention-based transmission)[3]:

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

According to the RAN1 agreements, the UL data transmission can be performed after RRC configuration. To our understanding, it means the all related resource configuration is done by RRC. In this contribution, we focus on the discuss of the modeling of grant free and SPS.
Discussion
SPS operation modelling
In LTE, UL and DL SPS are supported for connected mode UE. For both DL and UL SPS, the periodicity is configured by RRC and the time/frequency resource is activated/deactivated by PDCCH. For DL SPS, even a downlink assignment is configured, UE still needs to detect PDCCH because network may reconfigure or release the downlink assignment. If there is no PDCCH received, UE will receive data on the configured downlink assignment. The modelling of DL SPS is excerpted as below:
-------------------------------------------------Text of DL SPS of LTE v14.2.1---------------------------------------------------------
[bookmark: _Toc481081636]5.3	DL-SCH data transfer
[bookmark: _Toc481081637]5.3.1	DL Assignment reception
When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the MAC entity shall for each TTI during which it monitors PDCCH and for each Serving Cell:
-	if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:
-	if this is the first downlink assignment for this Temporary C-RNTI:
-	consider the NDI to have been toggled.
-	if the downlink assignment is for the MAC entity’s C-RNTI and if the previous downlink assignment indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the MAC entity’s Semi-Persistent Scheduling C-RNTI or a configured downlink assignment:
-	consider the NDI to have been toggled regardless of the value of the NDI.
-	indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.
-	else, if this Serving Cell is the SpCell and a downlink assignment for this TTI has been received for the SpCell on the PDCCH of the SpCell for the MAC entity’s Semi-Persistent Scheduling C-RNTI:
-	if the NDI in the received HARQ information is 1:
-	consider the NDI not to have been toggled;
-	indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.
-	else, if the NDI in the received HARQ information is 0:
-	if PDCCH contents indicate SPS release:
-	clear the configured downlink assignment (if any);
-	if the timeAlignmentTimer associated with the pTAG is running:
-	indicate a positive acknowledgement for the downlink SPS release to the physical layer.
-	else:
-	store the downlink assignment and the associated HARQ information as configured downlink assignment;
-	initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur according to rules in subclause 5.10.1;
-	set the HARQ Process ID to the HARQ Process ID associated with this TTI; 
-	consider the NDI bit to have been toggled;
-	indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.
-	else, if this Serving Cell is the SpCell and a downlink assignment for this TTI has been configured for the SpCell and there is no measurement gap in this TTI and there is no Sidelink Discovery Gap for Reception in this TTI; and
[bookmark: _Toc481081660]5.10	Semi-Persistent Scheduling
When Semi-Persistent Scheduling is enabled by RRC, the following information is provided [8]:
……
-	Downlink Semi-Persistent Scheduling interval semiPersistSchedIntervalDL and number of configured HARQ processes for Semi-Persistent Scheduling numberOfConfSPS-Processes, if Semi-Persistent Scheduling is enabled for the downlink;
When Semi-Persistent Scheduling for uplink or downlink is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded.
--------------------------------------------------------End of text---------------------------------------------------------------------------
Based on the modelling of DL SPS in LTE above, DCI is used to release or override or reconfigure the DL SPS resource. If PDCCH is received and if the NDI is 0 and it’s not release for the SPS resource, the SPC will be reconfigured. Based on the LTE, multiple HARQ processes shall be configured in the case of multiple SPS is supported.
For UL SPS, just like the DL SPS, even the uplink assignment is configured, UE also needs to detect PDCCH in order to check the network reconfigures or release the resource or not. If UE has SPS data to be transmitted, it will transmit the data using the configured uplink assignment; otherwise, it just skips the current resource. The modelling of UL SPS is as following in LTE:
-------------------------------------------------Text of UL SPS of LTE v14.2.1---------------------------------------------------------
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If the MAC entity has a C-RNTI, a Semi-Persistent Scheduling C-RNTI, a UL Semi-Persistent Scheduling V-RNTI, or a Temporary C-RNTI, the MAC entity shall for each TTI and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this TTI and for each SPS configuration that is indicated by the PDCCH addressed to UL Semi-Persistent Scheduling V-RNTI:
-	if an uplink grant for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or
-	if an uplink grant for this TTI has been received in a Random Access Response:
-	if the uplink grant is for MAC entity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity’s Semi-Persistent Scheduling C-RNTI, for the MAC entity’s UL Semi-Persistent Scheduling V-RNTI, or a configured uplink grant:
-	consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.
-	deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.
-	else, if this Serving Cell is the SpCell and if an uplink grant for this TTI has been received for the SpCell on the PDCCH of the SpCell for the MAC entity’s Semi-Persistent Scheduling C-RNTI or for the MAC entity’s UL Semi-Persistent Scheduling V-RNTI:
-	if the NDI in the received HARQ information is 1:
-	consider the NDI for the corresponding HARQ process not to have been toggled;
-	deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.
-	else if the NDI in the received HARQ information is 0:
-	if PDCCH contents indicate SPS release:
-	if the MAC entity is configured with skipUplinkTxSPS:
-	trigger an SPS confirmation;
-	if an uplink grant for this TTI has been configured:
-	consider the NDI bit for the corresponding HARQ process to have been toggled;
-	deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTI;
-	else:
-	clear the corresponding configured uplink grant (if any).
-	else:
-	if the MAC entity is configured with skipUplinkTxSPS:
-	trigger an SPS confirmation;
-	store the uplink grant and the associated HARQ information as configured uplink grant;
5.10	Semi-Persistent Scheduling
When Semi-Persistent Scheduling is enabled by RRC, the following information is provided [8]:
-	Semi-Persistent Scheduling C-RNTI or UL Semi-Persistent Scheduling V-RNTI;
-	Uplink Semi-Persistent Scheduling interval semiPersistSchedIntervalUL and number of empty transmissions before implicit release implicitReleaseAfter, if Semi-Persistent Scheduling with Semi-Persistent Scheduling C-RNTI is enabled for the uplink;
-	Uplink Semi-Persistent Scheduling interval semiPersistSchedIntervalUL and number of empty transmissions before implicit release implicitReleaseAfter for each SPS configuration, if Semi-Persistent Scheduling with UL Semi-Persistent Scheduling V-RNTI is enabled for the uplink;
-	Whether twoIntervalsConfig is enabled or disabled for uplink, only for TDD;
……
When Semi-Persistent Scheduling for uplink or downlink is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded.
[bookmark: _Toc481081662]5.10.2	Uplink
After a Semi-Persistent Scheduling uplink grant is configured, the MAC entity shall:
……
For TDD, the MAC entity is configured with semiPersistSchedIntervalUL shorter than 10 subframes, the Nth grant shall be ignored if it occurs in a downlink subframe or a special subframe.
If the MAC entity is not configured with skipUplinkTxSPS, the MAC entity shall clear the configured uplink grant immediately after implicitReleaseAfter [8] number of consecutive new MAC PDUs each containing zero MAC SDUs have been provided by the Multiplexing and Assembly entity, on the Semi-Persistent Scheduling resource.
If SPS confirmation has been triggered and not cancelled:
-	if the MAC entity has UL resources allocated for new transmission for this TTI:
-	instruct the Multiplexing and Assembly procedure to generate an SPS confirmation MAC Control Element as defined in subclause 6.1.3.11;
-	cancel the triggered SPS confirmation.
The MAC entity shall clear the configured uplink grant immediately after first transmission of SPS confirmation MAC Control Element triggered by the SPS release.
NOTE:	Retransmissions for Semi-Persistent Scheduling can continue after clearing the configured uplink grant.
For BL UEs or UEs in enhanced coverage SFNstart time and subframestart time refer to SFN and subframe of the first transmission of PUSCH where configured uplink grant was (re-)initialized.
In the event of a resource conflict between multiple UL SPS configurations configured with Uplink Semi-Persistent Scheduling V-RNTI, the UE behaviour is undefined.
--------------------------------------------------------End of text---------------------------------------------------------------------------
UL SPS is a little bit different and UL skipping mechanism is supported. If the resource release is received in PDCCH and the UL skipping is configured, UE still needs to send an MAC CE to network and then the configured resource is released. On the other hand, implicit release can be supported if consecutive UL SPS occasions have no data to be transmitted.
In LTE, the SPS resource is configured dedicatedly for a connected mode UE, and the purpose of using PDCCH to activate or deactivate the resource is to improve the utilization of resource. Using PDCCH can activate/deactivate the resource immediately compared to RRC configuration. Considering UE in mobility state, this mechanism works very well and can adapt to the link.
Observation 1: 	SPS is for connected mode UE and dynamic activation/deactivation of resource can improve the resource efficiency and adapt to the link.
Grant free operation modelling
Although the operation of grant free is not decided yet due to the time schedule reason, but some common consensus has achieved during the study phase. In our understanding, for grant free, many UEs will share the same resource. One key target of grant free is for inactive UE or UE with sporadic transmission in connected mode. For inactive state UE, one key characteristic is power saving. From this perspective, it’s not suitable for inactive UE to monitor PDCCH for each configured grant free resource in the downlink. While for the UL, UE also doesn’t need to monitor PDCCH for each configured uplink resource and the resource efficiency is not an issue due to the resource is shared by many UEs.
Observation 2: 	for inactive state UE, it’s not suitable to monitor PDCCH for each pre-configured resource occasion.
If grant free is used for sporadic transmission, e.g. URLLC, the benefit of using grant free is data arrives, and transmission immediately and the delay can be reduced greatly. Short delay is the key requirement for URLLC. In our understanding, RACH or SR based solution for the first transmission is not acceptable considering the sporadic transmission of data. For URLLC UE, it may be out of sync with the network due to no data transmission for a long time even the UE is in connected state. From this point of view, we think it is also suitable to use grant free as baseline for URLLC transmission.
In our understanding, SPS and grant free are for different service types and the operation modelling is different from MAC point of view. Even though multiple SPS can be configured in LTE, but it is limited to voice and V2X service. Grant free is suitable for energy saving required UE which is in inactive state. From MAC operation point of view, SPS and grant free are different and we think SPS and grant free should use different MAC operation modelling.
Proposal 1:	SPS and grant free have different MAC operation modelling in MAC layer.
Proposal 2:	grant free is used as the baseline for URLLC and inactive state UE.
Comparison between SPS and grant free
From our point of view, SPS and grant free mechanism are different due to the following reasons:
1) Resource configuration and utilization:
In LTE, SPS resource is dedicated for some specific UE. So activation and deactivation is necessary to improve the utilization of resource. But in NR, the system is already targeting to support many users to do contention transmission, i.e., multiple UEs share the same resource (contention based resource/grant free resource) which will improve resource utilization compared to SPS mechanism in LTE. To our understanding, the agreed configuration for grant free by RAN1 can enable immediate UL data transmission without activation by DCI, which will lead to energy saving and signalling reduction.
Observation 3: 	RRC configuration without DCI activation can enable immediate UL data transmission and energy saving.
2) PDCCH monitoring:
In LTE, there is no problem for connected state UE to monitor PDCCH for each TTI. On the other hand, dynamic DCI activation/deactivation can enable network change the resource quickly according to the channel status of the UE since the link information can be easily acquired for connected state UE.
While for grant free, UE is in inactive state and link adaptation is difficult considering energy saving and signalling overhead. As discussed above, dynamic resource configuration for sporadic service is also difficult even in connected state. So, for grant free, PDCCH monitoring is not needed.
Observation 4: 	PDCCH monitoring is possible for connected mode UE while it is not needed for grant free.
3) Supported traffic pattern is different.
According to above analysis, LTE SPS is suitable for periodic traffic or traffic without strict latency requirement. Meanwhile, grant free mechanism in NR is suitable for sporadic traffic or traffic requiring ultra low latency. 
Observation 5: 	Grant free is suitable for sporadic traffic while SPS is suitable for periodic traffic and UE in connected state.
Proposal 3: 	Grant free and SPS are specified as separate mode in NR.
Grant free for multiple numerologies/TTI types
Multiple numerologies/TTI types will be supported within a single carrier in NR. The numerology/TTI type of LCH with high priority and LCH with low priority may be different. One or one set of grant free resource may be allocated on one numerology/TTI type.  As stated above, for UL grant free transmission, at least semi-static resource configuration should be supported by higher-layer signalling (e.g., broadcast and/or UE-specific RRC signalling), whereas the dynamic DCI activation/deactivation for grant free resources is not necessary. Thus, the numerology/TTI type of the grant free resource should also be configured by higher-layer signalling (e.g., broadcast and/or UE-specific RRC signalling). With the information of numerology/TTI type, UE will know which LCH(s) could be transmitted on the corresponding grant free resource.
Proposal 4: 	The numerology/TTI type of UL grant free is indicated to UE by higher-layer signalling (i.e. RRC signalling).
RAN2 has agreed to support sharing “SPS/grant free” UL resources amongst different UEs. But if semi-static resource configuration is supported by UE-specific RRC signalling, UE will only know which UL grant free resource is configured to it but couldn’t know whether the resource is shared among different UEs. However, a collision probability could happen if the load on some grant free resource is heavy. 
If collision occurs on grant free resource, the required latency and reliability target of LCH of high priority may not be satisfied. Therefore, it is important to reduce the probability of collision. To our understanding, it is possible that one UE could have different type of grant free service and the periodicity of the services is different. In this case, multiple set of resources could be configured and different types of service use different resource for data transmission.
Proposal 5:	multiple sets of grant free resource can be configured for one UE.
Different grant free services could have different priority. For different services, different LCH will be used. So, different resource will be used for different service. In order to avoid collision especially for high priority service, UE only transmit data on its configured resource. For example, if the UL grant free resource is for LCH with high priority but there is only data of LCH with low priority in UE buffer, the UL grant free resource for high priority service should be skipped even low priority service has data to be transmitted in order to reduce collision for LCH with high priority considering simultaneously transmission from other UE on the same resource. 
Proposal 6: 	UL grant free resource for high priority service should be skipped if only low priority service has data to be transmitted in the current occasion.
If the UL grant free resource is for LCH with high priority and both LCH with high priority and LCH with low priority have data in UE buffer, data of LCH with high priority should be firstly transmitted on the resource and if there is still remaining resource after putting all the data of LCH with high priority on the resource, a part or all the data of LCH with low priority could be transmitted on the remaining resource because LCH of high priority has tighter latency requirement than LCH with low priority, i.e. BSR will not be transmitted in this case.
Proposal 7: 	if both LCH with high priority LCH with low priority has data to be transmitted and there is still remaining resource after high priority service is scheduled, the data from LCH with low priority can be scheduled.
Conclusion
[bookmark: OLE_LINK3]This contribution discusses mechanism of grant free operation in NR and suggests:
Observation 1: 	SPS is for connected mode UE and dynamic activation/deactivation of resource can improve the resource efficiency and adapt to the link.
Observation 2: 	for inactive state UE, it’s not suitable to monitor PDCCH for each pre-configured resource occasion.
Observation 3: 	RRC configuration without DCI activation can enable immediate UL data transmission and energy saving. 
Observation 4: 	PDCCH monitoring is possible for connected mode UE while it is not needed for grant free.
Observation 5: 	Grant free is suitable for sporadic traffic while SPS is suitable for periodic traffic and UE in connected state.
Proposal 1:	SPS and grant free have different MAC operation modelling in MAC layer.
Proposal 2:	grant free is used as the baseline for URLLC and inactive state UE.
Proposal 3: 	Grant free and SPS are specified as separate mode in NR.
Proposal 4: 	The numerology/TTI type of UL grant free is indicated to UE by higher-layer signalling (i.e. RRC signalling).
Proposal 5:	multiple sets of grant free resource can be configured for one UE.
Proposal 6: 	UL grant free resource for high priority service should be skipped if only low priority service has data to be transmitted in the current occasion.
Proposal 7: 	if both LCH with high priority LCH with low priority has data to be transmitted and there is still remaining resource after high priority service is scheduled, the data from LCH with low priority can be scheduled.
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