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1
Introduction
In the context of Improved L2 for UL work item, the topic of Happy Bit definition [1], [2], [3] was discussed in depth in the previous RAN WG2 #63 meeting in Jeju. There was no agreement made on the Happy Bit definition, and companies were invited to further investigate the happy bit definition.
In this contribution, we perform a detailed system study to analyze the statistics of the difference between  UE power headroom and the E-DCH serving grant.
2
System Simulation Study
In order to study the behavior of happy bit, we ran system simulations with full-buffer traffic.  The simulation assumptions are listed in Table 1. The transport block sizes and corresponding E-DPDCH/DPCCH power ratios used are listed in Table 2. 

Table 1: Happy Bit System Simulation Assumptions
	Simulation Parameters
	Value
	Comments

	Node B Layout
	19 Node Bs Wrap-around
	 

	Site-to-site Distance
	2.8km
	Macro-cell

	Cell per Node B
	3
	Total 57 cells

	Antennas per Cell
	2
	 

	UE Max Tx Power
	+21 dBm
	 

	Mobile Channels
	100% PA3
	

	E-DCH TTI
	2ms
	 

	E-AGCH channels per Cell
	2
	 

	Scheduling Algorithm
	Greedy Filling Proportional Fair
	


Table 2: Transport Block Size and associated E-DPDCH/DPCCH power ratios

	Transport Block Size                           [Bits]
	E-DPDCH/DPCCH Power Ratio [dB]

	129
	0

	256
	2.92

	510
	5.1

	760
	7.1

	1015
	8.1

	2020
	11.1

	3119
	12.93

	5178
	15.05

	6206
	15.77

	7173
	17.129

	8206
	18.2

	11484
	19.76


We studied the following two cases:

· Case 1: 2 user/cell

· Case 2: 4 user/cell

The system simulation results are shown in the following plots. Figure 1 and Figure 2 show the cell throughputs. Figure 3 and Figure 4 show the transmission rate distribution. 
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Figure 1: Cell Throughput: 2 Full Buffer users/cell
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Figure 2: Cell Throughput: 4 Full Buffer users/cell
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Figure 3: Rate Distribution: 2 Full Buffer users/cell
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Figure 4: Rate Distribution: BE 4 user/cell
Due to the nature of full buffer traffic, the value of happy bit is purely determined by the comparison of UE headroom and service grant (SG) from NodeB. 

· If Headroom ≤ SG, Happy bit = 1, which implies UE is happy  with current grant;

· If Headroom > SG, Happy bit = 0, which implies UE is unhappy with current grant.

To characterize the impact of path loss on the Happy bit, we investigate the Happy bit behavior conditioned on the path loss greater than a threshold. Three thresholds {120dB, 125dB, 130dB} are considered here.
 In Figures 5 through 10, we plot the conditional cdf’s of the difference in UE power headroom and the serving grant (SG).  
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Figure 5: Conditional cdf of Headroom-SG: 2 Full Buffer users/cell, PL>120dB
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Figure 6: Conditional cdf of Headroom-SG: 2 Full Buffer users/cell,  PL>125dB
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Figure 7: Conditional cdf of Headroom-SG: 2 Full Buffer users/cell, PL>130dB
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Figure 8: Conditional cdf of Headroom-SG: 4Full Buffer users/cell, PL>120dB
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Figure 9: Conditional cdf of Headroom-SG: 4Full Buffer users /cell, PL>125dB
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Figure 10: Conditional cdf of Headroom-SG: 4Full Buffer users/cell, PL>130dB

3
Observations

From Figures 5 through 10, we observe the following:

· For the 2 Full Buffer users/cell case:

· There were 25% of UEs whose PL exceeds 120 dB.

· For UEs whose path loss exceeds 120dB, the percentage of the time the UE’s power headroom exceeds the SG by less than 1dB equals 36.3% @ RoT = 5.2dB.

· If happy bit definition was based on this criterion, 25% of the UEs would report unhappy bit 63.7% of the time.

· For all UEs whose path loss exceeds 120dB, the percentage of the time the UE’s power headroom exceeds the SG by more than 0.1 dB equals 78.6 % @ RoT = 5.2dB

· If happy bit definition was based on this criterion, 25% of the UEs would report unhappy bit 78% of the time.

· For the 4 Full Buffer users/cell case:

· For UEs whose path loss exceeds 120dB, the percentage of the time the UE’s power headroom exceeds the SG by less than 1dB equals 13.7 % @ RoT = 5.9 dB.

· If happy bit definition was based on this criterion, 25% of the UEs would report unhappy bit 86.3% of the time

· For all UEs whose path loss exceeds 120dB, the percentage of the time the UE’s power headroom exceeds the SG by more than 0.1 dB equals 93 % @ 5.9dB

· If happy bit definition was based on this criterion, 25% of the UEs would report unhappy bit 93 % of the time.

3
Conclusions

An analysis on happy bit definition based on a detailed system simulation was performed. In [4], the proposal to define happy bit when MAC-i/is is configured, is given as follows:
If MAC-i/is is configured, identify the E-TFC that has a transport block size at least 32 bits larger than the transport block size of the E-TFC selected for transmission in the same TTI as the Happy Bit.
The above proposal does not take into account that the SG-table in 25.321 is quantized in units of 1dB. Due to the high granularity of the E-TFCI table the above proposal will result in an unhappy bit generation, whenever the UE power headroom exceeds the serving grant (SG) by an amount much less than 1 dB in the entire E-TFCI region.

Based on the analysis performed here, if we agreed to the proposal in [4], around 26% to 27% of the UEs will declare unhappy 78.6% to 93% of the time since this corresponds to the case when the UEs experience a difference in UE power headroom and SG in excess of 0.1 dB.
On the other hand, if the happy bit generation were based on the difference in UE power headroom and SG exceeding 1dB (equal to the SG table resolution), then based on the analysis performed here, around 26% to 27% of the UEs (UEs whose path loss exceeds 120 dB) would report unhappy bit 64% to 86% of the time. 
Note that if the happy bit were used for the purpose of MAC-e scheduling, the scheduler would land up allocating excess capacity that would be unused in the whenever the power headroom exceeds the serving grant (SG) by an amount greater than 0.1dB and less than 1 dB if the happy bit definition from [4]  is adopted. The study here did not consider this impact.

As a result, we propose the following:

Proposal : The bit is set to “unhappy” if the UE’s power headroom can allow a higher level in the Scheduling Grant table than the current serving grant level; set to “happy” otherwise  
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