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1 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.

This paper discusses how to configure the grant-free resource and usage of it.
2 The configuration of shared resource
In LTE, SPS reserves dedicated resources for UE. It leads to inefficient resource utilization or signalling overhead because the reserved resource can only be used by dedicate UE and signalling is needed if the resource is override. But in NR, the system is 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. As introduced above, it was agreed that “From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.” Therefore, we suggest to send a LS to RAN1 to inform such agreement.
Proposal 1: grant-free resource shall be shared by different UEs and RAN2 sends LS to RAN1 about the agreement in RAN2.
In LTE SPS, resource is configured in a two-stage manner, i.e., the periodicity of the resource in time domain is configured via RRC signalling, while the activation and deactivation of SPS, as well as resource in frequency domain and other transmit parameters such as MCS are configured via DCI. This kind of two-stage resource configuration method in LTE SPS is suitable for periodic traffic without tight latency requirement, in which case, the LTE eNB could predict the start of the service and activate the SPS resource via DCI after the service is started. Moreover, an SPS UE needs to continuously monitor the DCI for potential overriding allocations.

However, this is not applicable to general scenarios for grant-free transmission in NR due to the following reasons:

–
Ultra low latency can be achieved by UE autonomous UL transmission once after RRC configuration. Some companies consider that L1 signalling can be provided immediately along with/after the RRC configuration likely with the same resource allocation indication. In this sense, the L1 signalling before initial transmission is nothing but waste of signalling overhead.

–
If L1 signalling is applied for deactivation, as traffic arrival of URLLC is not predictable, there would be risk that NW cannot turn on the resource in time and thus later on URLLC traffic is delayed. So the fast deactivation seems to be questionable for URLLC.

Observation 1: Resource configuration method in LTE SPS is not suitable for grant-free transmission, especially when the packet arrival is sporadic and with stringent latency requirement.
Additionally, 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), as already agreed by RAN1 in [2] [3], whereas the dynamic DCI activation/deactivation to grant-free resources is not necessary as a grant-free TB can be allowed to switch to grant-based retransmission as needed [2]. 
Observation 2: Using physical layer signalling to activate/deactivate grant-free transmission is not necessary. 
And according to RAN1 discussion for grant-free transmission in URLLC scenario, at least the following information can be configured via RRC signalling:

· Time domain resource, i.e., the resource in time domain can be within the life span of the whole grant-free transmission (not for one TB transmission)
· Frequency domain resource and potential hopping patterns/selection rules over TTIs if multiple frequency resource units are available (per TB transmission)
· Number of repetitions, K, which should be configurable, e.g., depending on the latency requirement of the service, and/or the UE channel conditions
· Transmit parameters such as MCSs, RV versions and the potential rule to map different RVs over repetitions (if different RV version is supported)
· DMRS for UE activity detection as well as channel estimation, for which orthogonal RS is more preferred for the UEs sharing the same time and frequency resource.
Proposal 2: grant-free resource is configured by RRC, and the configuration including at least T/F resource, period of resource, MCS etc.
3 Resource reconfiguration
The grant-free resource is reconfigurable to allow more efficient resource utilization. The grant-free resource such as T/F resource and MCS are reconfigurable to allowed link adaptation and flexible resource allocation. Also the period of resource is reconfigurable to meet the service request in time domain and to allow more efficient resource utilization.
For resource reconfiguration, at least two types reconfiguration should be considered, and the first one is UE specific reconfiguration and another one is common resource reconfiguration.

For UE specific reconfiguration, UE can be reconfigured to another grant-free resource to enable resource optimization. For example, when overload happened on one grant-free resource, some UEs using this resource can be moved to another grant-free resource. Such function is performed by RRC entity, e.g. after UL data transmission.
Proposal 3: UE specific resource reconfiguration of grant-free resource shall be done by RRC.

For common resource reconfiguration, parameters of one grant-free resource are reconfigured. As the resource is already reserved and shared by many UEs which are configured to use this resource for grant free transmission, the parameter reconfiguration of the grant-free resource will impact the behaviour of all UEs on it. So, if the resource of grant-free is reconfigured, all UEs sharing the same resource should be notified. Further study is needed to make such notification more efficient.
Proposal 4: if the resource of grant-free is reconfigured, all UEs sharing the same resource should be notified and how to notify the UEs shall be FFS.
4 Enhancement for UL GF considering multiple numerologies/TTI types
Multiple numerologies/TTI types will be supported within a single carrier in NR. The numerology/TTI type of LCH of high priority and LCH of low priority may be different. One or one set of grant-free resource may be mapped to one numerology/TTI type. And one numerology/TTI type may be mapped to one or multiple LCHs. 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 to 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 5: The numerology/TTI type of UL GF is indicated to UE by higher-layer signalling (e.g., broadcast and/or UE-specific RRC signalling).
RAN2 has agreed to support sharing “SPS/grant free” UL resources amongst different UE. 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 occurs if more than one UEs access the same grant-free resource at the same time. 
If collision occurs on grant-free resource, the required latency and reliability target of LCH of high priority may not be supported. Therefore, it is important to reduce the probability of collision. If the UL grant-free resource is for LCH of high priority but there is only data of LCH of low priority in UE buffer, the UL GF transmission should be skipped for the reason that a collision will occur and the requirement of LCH of high priority may not be satisfied if there is other UEs transmitting data of LCH of high priority on the same grant-free resource at the same time. 
Proposal 6: UL GF transmission should be skipped if there is only data of LCH of low priority in UE buffer but the GF is for LCH of high priority.
If the UL grant-free resource is for LCH of high priority and there are both data of LCH of high priority and LCH of low priority in UE buffer, data of LCH of high priority should be firstly transmitted on the resource and if there is still remaining resource after putting all the data of LCH of high priority on the resource, a part or all the data of LCH of low priority could be transmitted on the remaining resource. Because LCH of high priority has tighter latency requirement than LCH of low priority.  

Proposal 7: For GF for LCH of high priority, LCH of high priority should have high priority to LCH of low priority in LCP if there are both LCHs of high priority and low priority in UE buffer.
5 Conclusion

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

Observation 1: Resource configuration method in LTE SPS is not suitable for grant-free transmission, especially when the packet arrival is sporadic and with stringent latency requirement.
Observation 2: Using physical layer signalling to activate/deactivate grant-free transmission is not necessary.
Proposal 1: grant-free resource shall be shared by different UEs and RAN2 sends LS to RAN1 about the agreement in RAN2.
Proposal 2: grant-free resource is configured by RRC, and the configuration including at least T/F resource, period of resource, MCS etc.
Proposal 3: UE specific resource reconfiguration of grant-free resource shall be done by RRC.
Proposal 4: if the resource of grant-free is reconfigured, all UEs sharing the resource should be notified and how to notify the UEs shall be FFS.
Proposal 5: The numerology/TTI type of UL GF is indicated to UE by higher-layer signalling (e.g., broadcast and/or UE-specific RRC signalling).
Proposal 6: UL GF transmission should be skipped if there is only data of LCH of low priority in UE buffer but the GF is for LCH of high priority.
Proposal 7: For GF for LCH of high priority, LCH of high priority should have high priority to LCH of low priority in LCP if there are both LCHs of high priority and low priority in UE buffer.
6 References
[1]. NR UP, LTE sTTI, FeD2D,V2X,etc _Notes_RAN2_97bis_04-07-2017_final_clean.doc
[2]. RAN1 Chairman’s notes, RAN1#88, Athens, Greece, February 13-17, 2017.

[3]. RAN1 Chairman’s notes, RAN1 NR Ad Hoc, Spokane, USA, 17th - 19th January 2017.

3GPP


