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1. Introduction
At RAN2#69, it was claimed [1] that it is possible to change the state of a carrier from “unhappy” to “happy” by reducing the grant allocated to it. In this paper, this claim has been analyzed in detail and a less severe conclusion has been drawn regarding this perceived anomaly.
2. Discussion
Scenario
The powers of control channels (in mW) in the two carriers are as follows:

	 Channel
	Carrier 1 (C1)
	Carrier 2 (C2)

	DPCCH
	5
	7

	HS-DPCCH
	5
	-

	E-DPCCH
	5
	7


The Scheduled Grant (SG) in the carriers is 9 dB and 11 dB respectively. Maximum UE power is 24 dBm = 251.2 mW. The SG is increased in the C2 by 2 dB and decreased in the C1 by 2 dB i.e. the new SGs are 7 dB and 13 dB respectively. The following table captures both the scenarios:

	Before
	Max UE Tx Power
	After

	C1
	C2
	C1+C2
	251.2 mW
	C1
	C2
	C1+C2

	5.0
	7.0
	12.0
	(1) P-dpcch
	5.0
	7.0
	12.0

	15.0
	14.0
	29.0
	(2) P-control-channels
	15.0
	14.0
	29.0

	222.2
	(3) P-remaining
	222.2

	9.0
	11.0
	 -
	(4) SG (in dB)
	7.0
	13.0
	 -

	39.7
	88.1
	127.8
	(5) SG (in mW) (= Power needed to use the SG)
	25.1
	139.7
	164.7

	69.0
	153.2
	222.2
	(6) P-SG-power-split
	33.8
	188.4
	222.2

	54.7
	102.1
	156.8
	(7) P-required = (2)+(5)
	40.1
	153.7
	193.7

	84.0
	167.2
	251.2
	(8) P-available = (2)+(6)
	48.8
	202.4
	251.2


In both cases, on both the carriers, the UE is having more power available than required for utilizing the SGs. Therefore, the UE will report “unhappy” on both the carriers in both the cases.
Note: It is possible that in the figures presented in [1], (6) was marked instead of (8) as the total available power. This could make one believe that the UE is having less power available that required in C1 (33.8 mW as against the required 40.1 dB). However, this is not the correct understanding.
Analysis
Let us assume that the maximum Tx power of the UE is P-max. Let us also assume that the total power required for transmitting the control channels (non-scheduled grants) in the two carriers is P-control (P-nsg).Therefore,
P-remaining = P-max – P-control – P-nsg


(A)
Let us assume that the scheduled grants are SG-1 and SG-2 (the grants in dBs are converted into numbers) and the corresponding powers required to transmit the grants are P-sg-1 and P-sg-2 respectively.
It should be noted that,

P-sg-i = P-dpcch-i * SG-i
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Now, based on the agreed formula for power split,




(C)

Therefore,

P-1 = P-remaining * P-sg-1 / (P-sg-1 + P-sg-2)


(D)

P-2 = P-remaining * P-sg-2 / (P-sg-1 + P-sg-2)


(E)

Case 1: P-remaining > (P-sg-1 + P-sg-2)

Let us assume that,
P-remaining = P-sg-1 + P-sg-2 + P-delta



(F1)

Therefore,

P-1 = P-sg-1 + P-delta * P-sg-1 / (P-sg-1 + P-sg-2)


(G1)

P-2 = P-sg-2 + P-delta * P-sg-2 / (P-sg-1 + P-sg-2)


(H1)
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Figure 1 (Case 1)



Figure 2 (Case 2)

Therefore,
{P-remaining > (P-sg-1 + P-sg-2)} => {(P-1 > P-sg-1) and (P-2 > P-sg-2)}.
Besides, as a corollary, when P-delta = 0,
{P-remaining = (P-sg-1 + P-sg-2)} => {(P-1 = P-sg-1) and (P-2 = P-sg-2)}.

Case 2: P-remaining < (P-sg-1 + P-sg-2)

Let us assume that,

P-remaining = P-sg-1 + P-sg-2 - P-delta



(F2)

Therefore,

P-1 = P-sg-1 - P-delta * P-sg-1 / (P-sg-1 + P-sg-2)


(G2)

P-2 = P-sg-2 - P-delta * P-sg-2 / (P-sg-1 + P-sg-2)


(H2)

Therefore,
{P-remaining < (P-sg-1 + P-sg-2)} => {(P-1 < P-sg-1) and (P-2 < P-sg-2)}.
Conclusions
It should be noted that the power allocated to the carriers for their scheduled transmissions exceeds (or falls short of) the actual power required by an amount proportional to the actual power so required (equations G1/H1 or G2/H2).

It could be easily concluded that if the UE is in power limited condition (P-remaining <= P-sg-1 + P-sg2), the UE will report “happy” on both the carriers.

Similarly, depending upon the P-delta (being big enough) and the Happy_Bit_Delay_Condition, if the UE is not in power limited condition (P-remaining > P-sg-1 + P-sg2), the UE will report “unhappy” on both the carriers.
Only in some corner case, where P-delta is quite small and/or the SG variation is significant, it is possible that the happy bit is different on the carriers. This may happen because one of carriers may get so less power above the required level that condition 2 (see Annexure) is not satisfied.
Further, only in a small fraction of these cases, it is possible that decreasing the grant on a carrier will change the UE status from “unhappy” to “happy” (when the carrier’s “share” in P-delta is below the threshold of the next E-TFCI / 32-bit higher data size).

It should be noted that this is not a permanent error and the status keeps changing dynamically based on the P-delta and the relative magnitude of the two grants (and the DPCCH powers in the two carriers). Therefore, any network taking a decent average of the happy bit (or considering a number of consecutive same reports) should not suffer from such rare, if at all existent, anomaly.

3. Proposal
It is proposed to agree that:

· There is no major flaw with the happy bit evaluation as designed for DC-HSUPA.

· There is no case for discontinuing or redefining the usage of happy bit for DC-HSUPA.
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Annexure
[Section 11.8.1.5 of 25.321 (MAC) v9.1.0]
	11.8.1.5
Happy Bit Setting
The Happy Bit is included on the E-DPCCH for every E-DCH transmission on each Activated Uplink Frequency. E-DCH transmissions shall not be triggered specifically to allow the transmission of the happy bit.

RRC configures MAC with the duration Happy_Bit_Delay_Condition, over which to evaluate the current grant relative to the TEBS after application of the E-TFC selection procedure described in subclause 11.8.1.4.
For every E-DCH transmission and for each Activated Uplink Frequency, the Happy Bit on a frequency shall be set to "unhappy" if the three following criteria are met on that frequency:

1)
UE is transmitting as much scheduled data as allowed by the current Serving_Grant in E-TFC selection on that frequency; and 
2)
UE has enough power available to transmit at higher data rate on that frequency; and

3)
Based on the same power offset as the one selected in E-TFC selection to transmit data in the same TTI as the Happy Bit, TEBS would require more than Happy_Bit_Delay_Condition ms to be transmitted with the current Serving_Grant × the ratio of active processes to the total number of processes.


If there is more than one Activated Uplink Frequency, based on the same power offset as the one selected in E-TFC selection on each Activated Uplink Frequency to transmit data in the same TTI as the Happy Bit, TEBS would require more than Happy_Bit_Delay_Condition ms to be transmitted with the current (Serving_Grant × the ratio of active processes to the total number of processes on the Primary Uplink Frequency) plus (Serving_Grant × the ratio of active processes to the total number of processes on the Secondary Uplink Frequency).

The first criteria is always true for a deactivated process and the ratio of the third criteria is always 1 for 10ms TTI.

Otherwise, the Happy Bit shall be set to "happy".
In order to assess if it has enough power available to transmit at higher data rate on an Activated Uplink Frequency, the UE shall:

1)
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. Otherwise, identify the E-TFC that has a transport block size at least x bits larger than the transport block size of the E-TFC selected for transmission in the same TTI as the Happy Bit, where x is the smallest RLC PDU size configured among all the logical channels that do not belong to non-scheduled MAC-d flows and which have data in the buffer; and

2)
Based on the same power offset as the one selected in E-TFC selection to transmit data in the same TTI as the Happy Bit, check that the identified E-TFC is supported i.e. not blocked.
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