
[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting#99		R2-1708488
Berlin, Germany, 21st – 25th August 2017

Source:	vivo
[bookmark: Title]Title:	Collision Between Grant-based and Grant-free Resources on the Same UL Carrier
[bookmark: Source]Agenda Item:	10.3.1.8
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Two types of resource allocation mechanism, i.e. grant-based and grant-free, are supported in NR UL. When a UE is assigned with both types of resources, the resources may overlap in time domain. If on either of the overlapped resources, the UE has data to transmit, collision occurs. UEs which can’t transmit on both resources simultaneously needs to choose one resource for transmission. 
This contribution discusses this issue in detail and proposes RAN2 to discuss how to decide the resource type priority when collision between grant-based and grant-free resources on the same UL carrier occurs.
2. Discussion
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: _GoBack]To shorten the UL delay, the dynamic UL grant can be replaced by configuring periodically UL resource before UL data arrival. By doing so, steps of SR and UL grant are skipped, and a UE can directly transmit data in a pre-configured UL resource. The transmission one pre-configured resource is called grant-free transmission.  It was agreed in the RAN1#87 meeting that at least an UL transmission scheme without grant is supported for URLLC. To meet the requirements of URLLC service, short TTI and certain numerology is often applied to grant-free resource.
In the last RAN2 Qingdao adhoc meeting, the following agreement was achieved:
	Agreements:
1.	At least numerology and TTI length are included/taken into account for restriction for LCP.  


The above agreement implies numerology/TTI is taken into account to determine the logical channel applicability for a Physical Layer Channel and/or Grant. Hence, it is reasonable to restrict URLLC like services to the numerology/TTI applied to grant-free resource.
Observation1: URLLC or URLLC like services are often restricted to grant-free resource, for grant-free resource usually applies short TTI and certain numerology to achieve low latency and high reliability.
In the RAN2#97bis meeting, the following agreements were achieved:
	Agreements on grant-free
=>	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
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.  


Given grant-free UL resources are shared by multiple UEs, transmission failure may occur if more than one UE send data on the same resource block. And the higher load on grant-free UL resources，the more transmission collision among different UEs occurs. To reduce the collision possibility on the grant-free resource, it seems good to limit the data volume transmitted on grant-free resources.  
Observation2: It is beneficial to prevent non delay sensitive service from using grant-free UL resource, to reduce the possibility of collision among different UEs sharing the grant-free UL resource.
In the remaining sections of the paper, we take one UE with both grant-free UL resource and grant-based UL resource as an example. Some logical channels are restricted to the numerology/TTI applied grant-free UL resource; others are restricted not to use grant-free UL resource.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Obviously, traffic can obtain more gain in delay from grant-free UL resource with smaller period. However, small period will cause frequently overlapping between one UE’s grant-based and grant-free resource in time domain, which is illustrated in the following:


Figure 1 Grant-based and Grant-free Resources overlap in time domain
The above figure shows the resources allocated to one UE.  The orange blocks are the grant-free resources allocated for URLLC traffic, with 1ms period and 0.5ms TTI duration. The blue blocks are grant-based resources which are requested by UE for logical channels not allowed to use the grant-free resources. Two types of resources overlap from time to time.
Observation3: For one UE, the grant-based resource may (partially) overlap with the grant-free resource in time domain frequently when grant-free resource with small period is allocated.
At one time point, if on both of the overlapped resources, the UE has data to transmit (i.e. the blocks with grid in Figure1), transmission collision in one UE occurs. 
Observation4: At one time point, if on both of the overlapped resources, the UE has data to transmit, transmission collision in one UE occurs.
Because the network can’t predict when a UE will transmit data on grant-free resource, transmission collision can’t be avoided by smart scheduling at the network side.
One way to handle the transmission collision is to require UE to support simultaneous UL transmissions on both types of UL resources. However, simultaneous UL transmissions will introduce a lot of complexity for UE, e.g. UL power division, especially considering that grant-free resource could start in the middle of grant-based resource. In the Rel-15 Shortened TTI and processing time for LTE WI, similar concurrent transmission issue has already been discussed [1][2]. And RAN1 has agreed that simultaneous transmission of sPUSCH and PUSCH is not supported within the same carrier. What’s more, in our understanding, avoiding simultaneous transmissions within the same carrier is at least beneficial for UEs with low capability. 
The other way to handle the transmission collision is to drop one of the overlapped resources. This solution is widely used in LTE features. For example, in LTE SPS feature, when SPS resource is collision with grant-based resource, the grant-based resource always overrides the SPS resource. In the shorten TTI feature, in case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE, the UE always transmit sPUSCH. 
According to the above analysis，we propose：
Proposal1: Simultaneous transmission using grant-free and grant-based resource is not supported within the same carrier by at least UEs with low capability.
Proposal2: For one UE, the transmission collision between grant-free and grant-based resource within the same carrier is handled by dropping one of the collision resources. 
If proposal2 is agreed, how to decide the priority of two types of resources needs to be discussed. In general, there are 3 options:
Option1: static priority defined in specification
In this option, resource priority is specified. As mentioned above, this option has been adopted in SPS and shorten TTI features. It is very simple and easy for implementation.
If this option is selected, we prefer to prioritise grant-free resource, since grant-free resource is normally allocated to delay sensitive services. 
Option2: priority is indicated by network 
In this option, gNB can decide which type of resource can be prioritized. This option is more flexible than option1. 
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]For example: For one UE, if the QoS of its URLLC traffic can be met using grant-based resource, network can indicate UE to prioritise grant-based resource, since the grant-based resource is dedicated for this UE and has no risk of collision with other UEs. Otherwise, if the QoS of the UE’s URLLC traffic can only be met using grant-free resource, network can indicate UE to prioritise grant-free resource.
Option3: leave to UE implementation
In this option, UE can decide which type of resource can be prioritized. This option is the most flexible among the 3 options and requires no standardization work. 
Proposal3:  Discuss how UE can perform resource selection when collision resource dropping is needed.
3. Conclusion
In this contribution, we discussed the collision between grant-based and grant-free resources on  the same UL carrier and the observations are following:
Observation1: URLLC or URLLC like services are often restricted to grant-free resource, for grant-free resource usually applies short TTI and certain numerology to achieve low latency and high reliability.
Observation2: It is beneficial to prevent non delay sensitive service from using grant-free UL resource, to reduce the possibility of collision among different UEs sharing the grant-free UL resource.
Observation3: For one UE, the grant-based resource may (partially) overlap with the grant-free resource in time domain frequently when grant-free resource with small period is allocated.
Observation4: At one time point, if on both of the overlapped resources, the UE has data to transmit, transmission collision in one UE occurs.
Base on the above observations, we further propose:
Proposal1: Simultaneous transmission using grant-free and grant-based resource is not supported within the same carrier by at least UEs with low capability.
Proposal2: For one UE, the transmission collision between grant-free and grant-based resource within the same carrier is handled by dropping one of the collision resources. 
Proposal3:  Discuss how UE can perform resource selection when collision resource dropping is needed.
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