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1. Introduction
Persistently scheduled transmissions, such as e.g. voice over IP transmission (VOIP), occur periodically in time, and independently (in time) of the current channel state. Thus, a persistently scheduled transmission can occur even during a deep channel fade. Furthermore, a persistently scheduled transmission doesn’t employ adaptive modulation and coding (AMC), which would tune the transmission rate to the instantaneous channel state. Thus, overall adaptability of persistently scheduled transmissions is very limited. Nevertheless, “frequency scheduling,” or more precisely, “adaptive RB assignment” doesn’t violate the core principles of persistent scheduling, and could be used to improve the performance of persistently scheduled transmissions. In order to enable adaptive RB (resource block) assignment, channel sounding can be used, even for persistently scheduled transmissions. Thus, in this paper, we discuss the overall option of adaptive RB allocation, and show corresponding performance gains.    
2. Sounding and RB Adaptation for Persistently Scheduled Transmissions
Adaptability of persistently scheduled transmissions is limited, but nevertheless, adaptive RB assignment could be used as an option for improved performance. In order to enable the adaptive RB assignment, each persistently scheduled UE can send a sounding RS, prior to the sub-frame where the persistently scheduled transmission occurs. Thus, a persistently scheduled transmission can be associated with a “persistently allocated sounding RS.” The persistently allocated sounding RS (reference signal) transmission is time-advanced, compared to persistently scheduled transmission, where time-offset equals a pre-arranged number of sub-frames. As an example, persistently allocated sounding RS can occur during the sub-frame which immediately precedes the persistently scheduled transmission. Link – level gains with such persistent sounding RS allocation, and adaptive RB assignment, are shown in Figure 1.   

[image: image1.emf]-8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

SNR [dB]

BLER

 

 

No Frequency Hopping; No Adaptive RB Assignment

Frequency Hopping at Slot Boundary

BLER with Example Adaptive RB Assignment

BLER in Best RB


Figure 1: Link - Level Performance Gains with Adaptive RB Assignment
Detailed simulation assumptions, associated with the Figure 1, are given in the Appendix below. As observed from the Figure 1, frequency hopping at the slot boundary improves the link performance, when compared to the baseline scenario of “no hopping.” Nevertheless, the exemplary adaptive RB assignment [6 UEs to 6 RBs] further improves link performance by about 2.5dB, which is substantial. 
Adaptive RB assignment is enabled as follows. Each UE whose persistent allocation involves the present sub-frame sends a “sounding RS” in a sub-frame preceding the present sub-frame. Thus, in the simulation set-up above, 6 UEs were sending a sounding RS, across 1.25MHz, in the sub-frame immediately preceding the present sub-frame. Here, note that the “preceding sub-frame” is just exemplary, because a time offset of several sub-frames could have been used, to allow for additional latency in scheduling. NodeB, in turn, using the received sounding RS, adaptively allocates one RB [from the 6 available RBs in 1.25MHz], to each UE. Thus, NodeB, in essence, performs a permutation assignment, which assigns 6 RBs to 6 UEs. Note that no frequency hopping is applied, and that number 6 is just an example – more or less RBs or UEs could have been used. Consecutively, the NodeB signals the RB allocation to UEs, and the said RB allocation is used for (persistently scheduled) transmission in the present sub – frame. Such transmission is “persistently scheduled” in time, but is adaptive in frequency. The “frequency scheduler,” which was used to allocate UEs to RBs was a max-min scheduler, which searched over all possible allocations (6! permutations), and selected the allocation which maximized the “worst allocated” CQI. Certainly, other options for the frequency scheduler are also possible.  
3. Conclusion

VOIP, which exemplifies persistently scheduled transmissions, is perceived to be one of the more important applications of EUTRA, and this contribution addresses its performance improvements, when adaptive RB allocation is enabled. Exemplary link – level performance improvement is shown to be 2.5dB, with the up-side potential for further “interference reduction” of 2.5dB [at the same target BLER], which can show to be significant for interference limited scenarios. Thus, overall gains of adaptive RB allocation can be substantial enough to offset the overheads in UL sounding and DL signaling, and to warrant its support and usage in EUTRA.       
4. Appendix: Simulation Assumptions
Table 1: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	1.25MHz @ 2.0GHz

	Resource Block
	180 kHz [15 kHz x 12]

	Number of Sounded Resource Blocks
	6

	Modulation
	QPSK

	Rate
	1/5

	UE Velocity
	3 km/h

	Channel Model
	SCM–C

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Error Correction Coding
	3gpp Turbo

	Simulated Scenarios
	No Frequency Hopping – No Adaptive RB Allocation [= No Frequency Scheduling]

	
	Frequency Hopping at Slot Boundary

	
	Adaptive RB Assignments [6 UEs to 6 RBs], a.k.a. “Frequency Scheduling”

	
	[Baseline] Scenario where UE is scheduled in its [Best], RB with the largest CQI


