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1. Introduction
During the last RAN2 #45bis, it was agreed how to use the happy bit as follows
· UE is  not happy if:

· UE has Power available to send at higher data rates (E-TFC)

· Total buffer status would require more than X TTIs  with the current grants

· UE is happy otherwise

There was a long discussion on including the function of mirroring into happy bit without any conclusion. This paper evaluates whether the “Happy bit” could be used for mirroring. Additionally, it is evaluated whether or not setting of “Happy bit” is well defined enough for serving Node B scheduler to handle UE’s situation properly.
2. Enhancing the usage of happy bit
2.1 Basic usage of happy bit
Based on the agreements, UE operation on setting the happy bit can be summarizes as following table.
Table 1: Setting the happy bit and corresponding E-RGCH
	Case
	Power headroom
	Buffer status
	Happy bit
	E-RGCH

	1
	+
	+
	Unhappy
	Up

	2
	+
	-
	Happy
	Keep

	3
	-
	+
	Happy
	Keep

	4
	-
	-
	Happy
	Keep


“+/-” for Power headroom corresponds to the case when UE has more/less available power than allowed grant. And “+/-“ for Buffer status corresponds to the case when buffered data requires more/less than [X TTIs] with allowed grant.
Upon receiving the “Happy bit”, (serving) Node B scheduler should determine corresponding RG (relative grant). If (serving) Node B scheduler uses only “Happy bit”, there are just two decisions are allowed (i.e. Up for un-happy and Keep for happy case). However, if (serving) Node B scheduler uses E-TFI value over E-DPCCH together with the “Happy bit”, it could distinguish if it could raise RG even though “Happy bit” is set to happy. Table 2 shows how (serving) Node B scheduler can use “Happy bit” and E-TFI simultaneously.
Table 2: Simultaneously usage of “Happy bit” and E-TFI to set the E-RGCH
	Case
	PW headroom
	Buffer status
	Happy bit
	E-TFI
	E-RGCH

	1
	+
	+
	UH
	MAX
	Up

	2
	+
	-
	H
	MAX
	Keep or Up

	3
	-
	+
	H
	LESS
	K

	4
	-
	-
	H
	LESS
	K


“MAX/LESS” in the column of “E-TFI” corresponds to the case when the E-TFI which is set on E-DPCCH is the same as / less than scheduling grant given by serving Node B scheduler.

By using the E-TFI together with “Happy bit”, (serving) Node B scheduler can distinguish case 2 from the other case when UE said happy such as case 3 and case 4. From distinguishing the case 2 from case 3 and case 4, (serving) Node B scheduler can give “UP” command if it wants. (i.e. if it has enough RoT to reserve for E-DCH, it can give “UP” command to reduce the required time for UE to send every buffered data).
2.2 Including the mirror function into “Happy bit”
Case 1 and Case 2 in Table 1 and Table 2 corresponds to the case when UE has power headroom (i.e. remaining power). There may be two possible reasons;
· Not enough scheduling grants from (serving) Node B scheduler: The allowed power, which is the maximum power UE can use, could be limited by scheduling grant.
· Down command from non-serving Node B scheduler: Even though serving Node B scheduler grants enough power for UE, UE can’t use the power due to the down command from non-serving Node B scheduler.

If we assume the happy bit with mirroring, serving Node B scheduler should be able to distinguish the reason why UE has power headroom. Table 3 extends the Case 1 and Case 2 in the previous table (Table 1 and Table 2) considering the reason why UE has power headroom.
Table 3: Mirroring the “Down” command from non-serving Node B scheduler
	Case
	PW headroom
	PW limited by
	Buffer status
	Happy bit
	E-TFI
	E-RGCH

	1
	+
	Serving Node B
	+
	UH
	MAX
	Up

	2
	+
	Serving Node B
	-
	H
	MAX
	Keep or Up

	3
	-
	UE
	+
	H
	LESS
	Keep

	4
	-
	UE
	-
	H
	LESS
	Keep

	5
	+
	Non-serving Node B
	+
	UH
	LESS
	Keep

	6
	+
	Non-serving Node B
	-
	H
	LESS
	Keep


“Serving Node B” in the column of “PW limited by” corresponds to the case when UE has power headroom due to not enough scheduling grant from serving Node B scheduler. “Non-serving Node B” corresponds to the case when the UE has power headroom due to “Down” command from non-serving Node B scheduler. Table 3 shows that serving Node B scheduler can distinguish the Case 1 and Case 2 from Case 5 and Case 6 by using the “Happy bit” and E-TFI. However, if UE decodes E-RGCH from serving Node B scheduler erroneously, then serving Node B operation might be erroneous also.
For example, if UE received erroneous “Down” command (i.e originally it was “UP/KEEP”) and its power headroom and buffer status corresponds to the case 1, then it will set “Happy bit” as unhappy and the E-TFI would be the same as scheduling grant. (i.e. the maximum allowed E-TFI by scheduling grant) However, serving Node B scheduler has different maximum allowed E-TFI values for this UE, it believes that UE is in case 5. 
There may be similar error situation between Case 2 and Case 6. Even though UE believes that he is in Case 2, serving Node B scheduler guess that he is in Case 6 if UE decode E-RGCH from serving Node B erroneously.

Table 4 shows that the first erroneous situation (i.e. confusion between Case 1 and Case 5) could be resolve by defining the different “Happy bit” configuration. However, it is not true for the other erroneous case. (i.e. there might be still error situation between Case 2 and Case 6. Considering that the E-RGCH both for Case 2 and Case 6 would be “KEEP” in most cases and UEs in both Case 2 and Case 6 could send buffered data in shorter than [X TTIs], the second erroneous situation is not so critical as the first erroneous situation.
Table 4: Enhance usage of “Happy bit” with the function of mirroring
	Case
	PW headroom
	PW limited by
	Buffer status
	Happy bit
	E-TFI
	E-RGCH

	1
	+
	Serving Node B
	+
	UH
	MAX
	Up

	2
	+
	Serving Node B
	-
	H
	MAX
	Keep or Up

	3
	-
	UE
	+
	H
	LESS
	Keep

	4
	-
	UE
	-
	H
	LESS
	Keep

	5
	+
	Non-serving Node B
	+
	H
	LESS
	Keep

	6
	+
	Non-serving Node B
	-
	H
	LESS
	Keep


Assuming the setting of “Happy bit” as given in table 4 and previous erroneous situation, serving Node B scheduler would receive “Happy bit” = “UH” and E-TFI = “LESS”. Then it could safely regard that UE is in case 1 since the error probability of E-RGCH is larger than that of E-DPCCH.
3. Conclusion

This paper showed that simultaneous usage of “Happy bit” and E-TFI value could make serving Node B scheduler operation better. It was also shown that the function of mirroring could be easily implemented by “Happy bit” without any additional information delivery. Moreover, it was shown that modified usage of “Happy bit” could make the usage of “Happy bit” immune against certain erroneous situation.

Keeping the enhanced usage of “Happy bit” given in section 2 in mind, it is proposed not to use separate mirroring function. Also it is proposed to modify the usage of “Happy bit” as follows;
· UE is  not happy if:

· UE has Power available to send at higher data rates (E-TFC) than scheduled grant and,
· No “Down” command from non-serving cell and,
· Total buffer status would require more than X TTIs  with the current grants

· UE is happy otherwise

