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1. Introduction
The maximum number of UEs that need to be scheduled per sub-frame while practically achieving all throughput gains from frequency and time domain scheduling should be determined as it is one of the steps required to verify if the L1/L2 control channel can be confined within the first 3 OFDM symbols. Subsequently, using possible values for this maximum number of UEs, system simulations are needed to dynamically determine the L1/L2 control channel size per scheduling sub-frame after having mapped the L1/L2 control channel BLER to the average channel SINR. This second step in addressed in [1].

The maximum number of scheduled UEs was also studied in [2, 3]. This contribution further evaluates the impact from restricting the maximum number of scheduled UEs (for brevity, this will be referred to a “max UE number”) as a function of the system load, the UE geometry, the average sector throughput and the average user throughput.  Also, interference co-ordination with fractional time re-use (IC-FTR) [4] is considered in addition to the conventional setup without any interference co-ordination.  
One important issue in determining the restriction in the max UE number is the number of active UEs per cell. TR 25.913 states that, in the active state, at least 200 UEs per cell should be supported at 5 MHz and at least 400 UEs for higher allocations (a much higher number is to be supported in the dormant and camped states). Due to simulation restrictions and as only a fraction of the 400 UEs are expected to have localized scheduling, the throughput evaluation considers a variable number of active UEs per cell, ranging from 15 to 60 at 10 MHz, in order to determine the dependence of the max UE number on the system load. Regarding this issue, [2] considered a cell loading ranging from 10 to 33 UEs per (with most results applying to 10 UEs per cell) and [3] considered only 20 UEs per cell. 

Another important issue is the application of MU-MIMO which may increase the max UE number relative to the corresponding value without MIMO or with SU-MIMO. This issue will be addressed in a subsequent contribution.     

2. Simulation Assumptions

In order to compare results with [2, 3], the 1x2 antenna configuration is considered. MIMO may somewhat increase the max UE number as the effective channel selectivity increases (FFS). The latest E-UTRA assumptions are incorporated, such as the 4.5% RS overhead for link simulations, but for the RB size it is assumed that 2 RBs of 180 KHz are joined into one as this is a rather common assumption for DL data scheduling. However, throughput results for scheduling with 180 KHz RB are presented in [4]. Actual channel and CQI estimation effects are incorporated into the system simulations.
IC-FTR relies only on CQI reporting and the CQI from cell edge UEs is configured to be measured during the TTIs where these UEs are scheduled. For clarity, focus is on static soft time re-use of 1/3 and uniform traffic distribution (uniform UE distribution with the same data rate) to avoid any assumption on the traffic distribution. However, a semi-static approach should apply in practice to avoid highly sub-optimal allocations and achieve significant throughput gains. With IC-FTR, only the DL was simulated and the same statistical distribution was assumed for the scheduled UE variability in the UL.

The conventional PF scheduler was assumed as in TR 25.814. To restrict the max UE number, a counter for the number of scheduled UEs was included and whenever the parameter “max UE number” was exceeded, PF scheduling was re-run by considering only the “max UE number” UEs that were first assigned. This avoids any constraints and deviations from the conventional PF scheduler, does not rely on specific modifications, and was verified to practically always result in the optimum PF scheduling decisions, particularly for the meaningful (large enough) constraints on the max UE number. 
The link and system simulation assumptions are given in Table 1. 

	Parameter
	Assumption

	Bandwidth (BW)
	10 MHz

	Evaluation Scenarios
	Cases 1 and 3 from 25.814

	Channel Model
	TU, 3 Kmph

	Number of Uniformly Distributed UEs per Cell
	30, 45, 60

	Modulation scheme

and

Channel coding rate
	QPSK (R = 1/4, 1/2, 3/4),

16QAM (R = 1/2, 5/8, 3/4),

64QAM (R = 5/8, 3/4)

	RS Overhead
	4.5%

	CQI Reporting delay
	2.0 msec (2 Sub-Frames)

	Channel and CQI Estimation
	Actual, based on link simulations

	Scheduling algorithm – Target BLER
	Proportional Fair – 10%

	HARQ
	Chase combining

	Number of antennas
	1 transmitter, 2 receiver

	Traffic model
	Full queue traffic


Table 1: Simulation Assumptions.
3. System Performance
Figure 1 shows the percentage loss in average sector throughput as a function of the system load (30, 45, and 60 UEs) and the max UE number without interference co-ordination and with IC-FTR. To limit the load of results, only Case 3 is presented. Almost the same curves apply for Case 1 which is to be expected as the two geometry CDFs are similar.
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Figure 1: Average Sector TP Percentage Loss versus Max UE Number and with/out IC-FTR. 

It can be immediately observed that the average sector throughput loss increases with the system load (60 UEs for localized scheduling represent 15% of the total in a fully loaded sector at 10 MHz). Without interference co-ordination, to limit the average sector throughput loss to less than 1%, it appears that the max UE number should be 12. With IC-FTR, the max UE number should be 10. Comparing to the results [2, 3], the throughput losses as a function of the max UE number appear similar to the ones in [2] and somewhat smaller than the ones in [3]. 
Static IC-FFR was not evaluated but its relative performance regarding the max UE number is expected to be very similar as the one without interference co-ordination as in both cases in every sub-frame the number of UEs competing for the RBs is the same (with static IC-FFR, the BW and the number of UEs is proportionally scaled for the cell edge and cell interior ones).   

As the average sector throughput percentage losses may mask the corresponding ones in average user throughput and the impact of the geometry, this evaluation is shown in Figures 2 without IC-FTR and in Figure 3 with IC-FTR, for 30 and 60 UEs/sector. Similar trends as for the average sector throughput loss from restricting the max UE number are observed for the average user throughput loss (they both increase with the system load and IC-FTR requires a smaller max UE number). However, the average user throughput losses increase with the UE geometry and without interference co-ordination and for a loaded sector, they may exceed 4% or 2% for a max UE number of 10 and 12, respectively. However, this is not expected to have a large impact on the L1/L2 control channel size as with the multiple MCS it will not increase for UEs with large geometries even if the max UE number becomes larger. 

Therefore, restricting the maximum number of scheduled UEs in the same sub-frame to 12 results to minimal throughput losses (especially when compared to the L1/L2 control channel increase by increasing the max UE number) and appears robust enough to handle large system loads or occasions where the UEs have mostly high geometries. Given the results in [2] for 5 MHz BW where the max UE number is 6, it appears that a rule-of-thumb is to have the max number of UEs equal to the floor of the number of RBs divided by two.      
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Figure 2: Average User TP Loss versus the Geometry for 30 and 60 UEs/Sector. No IC-FTR.
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Figure 3: Average User TP Loss versus the Geometry for 30 and 60 UEs/Sector. IC-FTR.

4. Conclusions
This contribution examined the impact on throughput from restricting the maximum number of UEs that can be scheduled per sub-frame. It is shown that having a value of 12 for the 10 MHz BW is adequate to provide minimal average sector throughput loss and robustness to the system load and the operating conditions. The results are in broad agreement with the ones in [2, 3]. It is also shown that IC-FTR can decrease the max number of scheduled UEs and, also due to the geometry gains for cell edge UEs, it can decrease the L1/L2 control channel overhead. These results should be further confirmed with the use of MU-MIMO.
The above conclusions regarding the max number of scheduled UEs are used in [1] to evaluate the L1/L2 control channel size distribution per scheduling sub-frame using a variety of possible MCS. 
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