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1 Introduction

At the last 3GPP meeting various Uplink Resource Assignment Strategies have been listed ‎[1] as basis for further discussion. That document distinguishes between short-lived, long-lived, dynamic and fixed allocation of radio resources and modulation and coding schemes (MCS). 
In this document we reformulate and simplify these definitions and finally conclude that 
· Simultaneous updates of Physical Resource Blocks (PRB) and Modulation and Coding Schemes (MCS) are preferable.
· Dynamic and Semi-Static Allocation of RBSs and MCSs should be supported. Dynamic refers to the case where the assignment is valid for a single TTI only. Semi-Static allocations are valid for more than one TTI which typically occur in some pattern.

· Dynamic and Semi-Static Allocations are not fundamentally different as far as signalling is concerned. A single, unified and fixed-size L1 grant-message should be used for PRB and MCS allocation supporting combined dynamic and semi-static allocation as well as revocation and modification of resource assignments and MCSs. 

2 Discussion

In ‎[1] four Uplink Resource Assignment Strategies have been described. That document distinguishes between short-lived, long-lived, dynamic and fixed allocation of physical resource blocks (PRB) and modulation and coding schemes (MCS) (see Figure 1). 

These assignment strategies mainly differentiate between short-lived and long-lived PRB allocations where the former could be valid for a single or multiple TTIs. In contrast to that the latter allocation scheme assigns physical resource blocks (PRBs) for an unlimited or at least undefined duration, i.e., the allocation must be revoked. 
Secondly, the strategies distinguish between dynamic and fixed allocation of the modulation and coding scheme (MCS) to be used on the assigned resources. Obviously, the MCS could be changed independently or together with the PRBs. This is referred to as fixed or dynamic allocation.
	· Short lived dynamic allocation

· PRB(s) and allowed MCS are allocated to a given UE for a defined number of TTIs

· A UE may “operate” only during certain time periods of the radio frame (indicated by RRC)

· Short lived fixed allocation

· PRB(s) is allocated to a given UE for a defined number of TTIs

· allowed MCS has been allocated for an undefined duration 

· A UE may “operate” only during certain time periods of the radio frame (indicated by RRC)

· Long lived dynamic allocation: 

· PRB(s) are allocated to a given UE for an undefined duration

· the MCS is dynamically controlled by the network.

· Long lived fixed allocation: 

· both PRB(s) and allowed MCS are allocated to a given UE for an undefined duration.


Figure 1: Original definition of Uplink Resource Assignment Strategies
However, we think that PRB assignments and MCS selection depend on each other to a large extend and will typically change jointly. Frequency-domain and channel dependent scheduling typically requires adaptation of both the PRBs and the MCS. Changes in the link quality impact the HARQ block error rate and require adjustment of the MCS to meet the target error rate. In order to achieve a constant data rate (e.g. for GBR services) the PRB assignment needs to be changed accordingly. The channel quality obviously depends on propagation effects but also on inter-cell interference which varies with the system load. Therefore, changes in system load will typically require adapting semi-static resource allocations and MCSs. 
From a L1-perspective it is desirable to have just one (or few), fixed-size, fixed-format grant message as it simplifies detection and decoding complexity in the UE. 
PRB allocations as well as MCS selection can be dynamic or semi-static for a fixed or undetermined duration. In general, a resource can be assigned for one or many TTIs. Additionally, a pattern can be specified for all semi-static allocations. So, there is no fundamental difference between dynamic and semi-static resource allocations with respect to signalling. 
In principle, the allocation could furthermore become valid immediately after reception (synchronous) or the TTI could be specified explicitly. As the transmission delay of scheduling grant messages is fixed (e.g. 1/2 * HARQ RTT) the former option provides sufficient means to precisely identify PRBs in the time domain. An explicit timing reference would unnecessarily increase the size of the grant message.
Finally, scheduling grants could be additive or they could override an existing allocation: Basically, the UL scheduler assigns (and revokes) PRBs in a matrix (time- and frequency domain) as shown in Figure 2. The green fields represent the allocations to one particular UE while all other PRBs may be assigned to other UEs. In the example the scheduler has already assigned the PRBs {0, 1, 2} repeatedly in every 4th TTI. It may furthermore assign additional PRBs for just a single TTI (dynamic allocation) or with a time-offset and/or another pattern than the initial allocation. Finally, resource assignments can be revoked by overriding the existing allocation with a smaller allocation or even with an empty grant.
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Figure 2: Additive and Overriding Allocations in Time- and Frequency Domain

	· One format containing both PRB(s) and MCS(s) 

· PRB(s) and MCS(s) must be signaled in most cases anyway

· Simple Control Signaling Format with fixed size

· May sometimes increase the cost (if PBR or MCS didn’t change)

· “Repetition Descriptor” in resource assignment (e.g. 3 bit)
· 0: dynamic allocation

· 1 – 7: semi-static allocations pre-configured by RRC

· No fundamental difference between dynamic, defined and undefined resource allocations

· Note: “defined duration” can be supported but actually not very useful!

· Resource Allocation refers to synchronous start time

· No timing offsets required (shorter message)

· Combinations of semi-static allocations still provide flexibility

· Add 1-bit “Overwrite” flag

· Supports Adding, Overwriting and Revoking (overwrite with empty assignment) of Resource Allocations


Figure 3: Summary of requirements and 
required information elements in resource allocation message.
In Figure 3 we summarize once more these characteristics and briefly propose a message format for the scheduling grant sent from the eNodeB to the UE. In addition to the PRB bitmap/list and the corresponding MCS should contain a short identifier specifying the repetition pattern of the resource allocation as well as a flag indicating if the assignment overrides previous assignments or not. It is important to note that resource assignments are sent time-synchronous, i.e., they don’t contain an explicit timing reference but make use of the fixed radio-interface delay. Consequently, an allocation pattern as shown in Figure 2 cannot be signaled in one large grant message but requires multiple additive and overriding allocations.

3 Conclusion

We showed that PRB and MCS should always be updated jointly and that there is no fundamental difference between dynamic and semi-static resource allocations with respect to messages formats. Both types of allocations can be combined and should be signalled with a common message format to simplify detection and decoding in the UE. Figure 3 briefly describes which information elements the UL grant message should contain and how these elements support all above-mentioned assignment strategies with reasonable signalling overhead. 
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