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[bookmark: _Ref124589705][bookmark: _Ref129681862]
Introduction
For NR uplink multiple access, it was agreed in the RAN1#86 meeting that, 
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
For UE resource configuration in autonomous / grant-free / contention-based UL transmission, it was agreed that,
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied
· Opt. 1: a UE performs random resource selection
· Details FFS
· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
· Details FFS
· Other options are not precluded
Furthermore, it was agreed that,
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Continue study at least the following: 
· Handling of  potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· [bookmark: OLE_LINK3]Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis
and
· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded
· Details on MA physical resource and MA signature resource FFS 

In this contribution, we discuss some details of resource allocation and management for intra- and inter-cell interference coordination / mitigation.

[bookmark: _Ref129681832]Discussions
In the grant-free UL transmission, the network will need to pre-define certain services and MA resources and pre-allocate certain mapping relationship known to the UEs by broadcasting, dedicated channel signaling, or implicitly mapping.  
The resource allocation scheme in grant-free transmissions is to allocate MA resources to different UEs (or mapping UEs to MA resources). Such resource allocation may happen in  the occasions, including 
•	during a UE’s initial network entry, or 
•	once  a UE to take grant-free services, or
•	re-allocation during the grant-free transmission procedures for load balancing.
When the number of users for grant-free services is large, it is possible to allocate the same MA resource to a group of users and different MA resources can serve different groups of users to reduce the user detection space or complexity, where a group of users may share the same MA resource, but will transmit independently, driven by their own traffic dynamics. Moreover, multiple MA resources can be allocated to one user to enhance throughput or reliability [3], which is shown in Figure 1.
[image: ]
Figure 1. UE groups mapping to MA resources

[bookmark: OLE_LINK2]To serve different applications and user cases, such as mMTC, URLLC, and eMBB, the basestation may need to categorize users / services into different transmission units (TUs), including contention-free transmission unit (CFTU) and contention-based transmission unit (CBTU), i.e.  a pool of TUs to be served by grant-free UL. Such a categorization rule is known to both network and UEs, and can be adjusted periodically or on demand,  depending on,  e.g. service quality and system loading, etc. Each TU will be mapped to MA resources, including possibly time, frequency, signature, power, and reference signals, etc, for UL grant-free transmissions. A schematic diagram is shown in Figure 2 for illustrative purpose, where a resource unit (RU) is defined by a group of MA physical resources.


Figure 2 Illustration of users / services grouping into TUs and mapping to RUs

Resource Mapping
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]RU(s) will be pre-defined/pre-allocated and each RU can be of the same size as resource block (RB) or different in time and/or frequency domain to carry different services, for example, in some mMTC applications where extended coverage is required, RU could span longer in time domain, while narrower in frequency domain, e.g. Figure 3(a). As another example, in URLLC applications, RU could span very short in time domain, while wider in frequency domain to reduce latency, e.g. Figure 3(b). In some other scenarios, mapping of TU to physical RU could also be spread in time-frequency plane to achieve diversity, e.g. Figure 3(c).
A TU can be mapped to  RU with either localized or distributed physical resources. For example, Figure 3(a) shows a possible time domain mapping of TU to RU, Figure 3(b) for frequency domain mapping, and Figure 3(c) for time-frequency mapping. Different TUs could be multiplexed for transmissions in TDM, FDM or hybrid TDM+FDM fashion.
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Figure 3 Illustration of TU mapping to time-frequency resource for different use cases: (a) coverage enhancement, (b) low latency, and (c) diversity.
System can remap TU to RU periodically or on demand, for example, triggered by event like overloading, to achieve diversity, interference management, or loading balance. Note frequency hopping can be viewed as a special case of remapping. 
On top of the basic RU definition, when non-orthogonal MA is applied in combination with grant-free transmission, MA signatures are further mapped onto or associated with each RU to be used for grant-free transmissions. Note that MA signatures may include a set of codebooks/sequences, as well as a set of preambles/RSs. The mapping between codebook/sequence and preambles/RSs is further elaborated in [2]. For each user transmission, the UE will require at least one MA physical resource (one RU) and one/more MA signatures.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: MA resource allocation schemes to serve different applications should be studied.

Resource allocation adaptation 
Usually grant-free UL transmission need initially pre-allocate MA resources for grant-free services. For cases where UE channel conditions change, depending on service categories and / or user capabilities, for example, user data rate requirement may be high, MA resource allocation, e.g. user / service grouping into TU and TU to RU mapping can be adjusted periodically or on demand. For grant-free transmissions, we are able to perform the resource allocation adaptation, i.e., adjusting the MA resources to enhance system performance. Another scheme to enhance spectrum efficiency is the link adaptation, where a (fixed and the most robust) MCS initially used by a user in the grant-free transmissions can be updated, based on, for example, the long-term measurements at eNB and other scenarios such as UE mobility status changes.        These adaptations are usually slow in order to reduce signaling overhead in the grant-free UL transmission.  To save the signaling overhead, group-based resource allocation adjustment can be employed. 
Resource allocation adaptation for grant-free UL transmission should be based on certain measurements; for example, basestation can take advantages of sounding reference signals when UE is in connected mode and tracking signals when UE in energy conserving mode to measure and estimate channel quality of users, and allocate users to favorable RUs to optimize efficiency of grant-free UL transmission.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 2: Slow resource allocation adaptation schemes should be studied to enhance UL grant-free performance.

Load Balancing and Inter-cell interference Coordination/Mitigation
Due to the nature of grant-free UL transmission, and depending on service categories and/or user capabilities, there are cases where basestation may not have control on channel quality. In such cases, basestation can measure its cell statistics, e.g. Interference over Thermal (IoT) over RU, collision based on ACK/NACK, etc., and determines if the RU is overly loaded. In case of overly loaded RU, it can remap user / service to TU and RU. Such a load balancing mechanism may include among TUs within one cell and cross different cells. 
Proposal 3: Load balancing mechanisms should be studied in the grant-free transmissions.
Similar as in LTE, inter-cell interference coordination (ICIC) mechanisms can be extended for load balancing in grant-free UL transmissions. For example, basestation can measures other cell statistics, e.g. Interference over Thermal (IoT) of RU, and/or cell statistics of collision etc. and determine if the RU is severely interfered. In case of the high interference, it can signal to aggressor cell overloading information via backhaul signaling to request for the loading reduction on impacted RU. On the other hand, basestation can also inform other cell possible heavy loading in some RUs, so that neighboring cells can adjust their grant-free resource allocation / mapping accordingly.
If basestations exchange configurations of TU, RU and others, including MA signatures like pilot sequences, etc., it is possible for basestation to perform advanced reception, such as joint detection or interference cancellation to mitigate inter-cell interference.
[bookmark: _GoBack]Proposal 4: Inter-cell interference coordination and mitigation should be studied in the grant-free MA resource allocations.

Conclusion
In this contribution, resource allocation and management for NR grant-free UL transmission are discussed, with the following proposals.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: MA resource allocation to support diversified use cases of grant-free UL transmission should be studied.
Proposal 2: Slow resource allocation adaptation schemes should be studied to enhance UL grant-free performance.
Proposal 3: Load balancing mechanisms should be studied in the grant-free transmissions.
Proposal 4: Inter-cell interference coordination and mitigation should be studied in the grant-free MA resource allocations.
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