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1 Introduction
In RAN1 #45, there was an extensive discussion on transmission of the rate request. The current assumption is that scheduling request information like the buffer occupancy or the available power margin could be reported by MAC-e PDU. It is also noted that during on-going transmission, the 1 bit rate request, which is so called “happy bit”, could be transmitted for indicating whether or not the UE is satisfied with the current serving grant. This contribution discusses the possible transmission schemes for this happy bit, and compares the overall throughput of each scheme.
2 Transmission of the happy bit
2.1 Transmission scheme
This section lists the possible transmission schemes for the happy bit and discusses the benefit and drawback of each scheme.
· Using MAC-e PDU
· Benefit: One bit of E-DPCCH can be saved. Since the total number of E-DPCCH bit is fixed to 10 bits, it is possible to give one additional bit to E-TFI, which can make less padding loss of MAC-e PDU.

· Drawback: The serving E-DCH RLS might not receive the happy bit in SHO in case that other cell decodes the uplink E-DCH and the serving E-DCH RLS doesn’t. In that case, the serving E-DCH RLS cannot estimate whether the UE is happy or not with current serving grant.
· Using E-DPCCH

· Benefit: UE can report the UE status fast without HARQ retransmission delay. And the Node B can know the very recent information of the UE status, so the scheduling would be more confident.
· Drawback: UE should use physical resource for the transmission of the happy bit. This can have larger padding loss in MAC-e PDU.
2.2 Performance Comparison
This section shows the possible gain of each scheme from the view of MAC-e padding ratio and average cell throughput. 

Padding ratio
If happy bit is transmitted by MAC-e PDU, we can increase the number of bits for E-TFI by one bit. It is obvious that 8-bit E-TFI can have less padding in MAC-e PDU than 7-bit E-TFI. 

For the case of 8-bit E-TFI, the average padding ratio is 0.99% (maximum 1.97%). However, with a 7-bit E-TFI the average padding ratio is 1.98% (maximum 3.95%) [3]. Those results are assuming that the E-TFS is quantized as logarithmic algorithm like HSDPA. From the above values, the average padding loss gain by MAC-e PDU scheme against E-DPCCH scheme would be slightly less than 1%.
System throughput

Figure 1 shows the average cell throughput for each transmission scheme for the happy bit. The simulation assumption is shown in Annex A. The result doesn’t assume the different padding ratios for each scheme. The throughput gain of transmitting happy bit on E-DPCCH against on MAC-e PDU could be above 2% in operating range of RoT (6~7 dB).
This throughput gain comes from the fact that the happy bit would be more recent if it is transmitted by E-DPCCH than by MAC-e PDU. If the happy bit is transmitted by MAC-e PDU, the happy bit of E-DCH retransmission should be equal to the one in the initial transmission even though the UE status is changed. However, if the happy bit is transmitted by E-DPCCH, it can be updated every transmission, even for retransmission, according to the current UE status.

Furthermore in SHO region, it rarely happens that the serving E-DCH RLS cannot receive the happy bit transmitted on E-DPCCH, while it can happen more frequently if the happy bit is transmitted by MAC-e PDU.
[image: image1.emf]Average Cell Throughput

800

1000

1200

1400

1600

1800

2000

3 5 7 9 11

RoT

Kbps

By E-DPCCH

By MAC-e PDU


Figure 1: Average throughput of each scheme for the transmission of happy bit

From the above results, the system throughput gain of the happy bit transmission by E-DPCCH is larger than the padding loss gain of the transmission by MAC-e PDU. If the happy bit is transmitted on E-DPCCH, the overall system performance would be larger than the case of transmission by MAC-e PDU by more than 1%.
3 Conclusion
This contribution discussed about the transmission of the 1-bit rate request, the “happy bit”. Based on the performance comparison, it is proposed that the happy bit is transmitted on E-DPCCH during on-going data transmission for the Node B to have faster and more recent UE status. 
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Annex A.
System simulation assumption
	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

Site to site distance = 2800 m

	Channel model
	Mixed (PA3 30%, PB3 30%, VA30 20% and VA120 20%)

	Traffic model
	Full buffer

	Node-B Receiver
	Rake (2 antennas per cell)

8 fingers per UE (finger assignment as in Table A-6 in [1])

	#UE per cell
	10  (# of UE dropping =3)

	TTI
	2 ms (3 slots)

	UE timing
	TTI aligned (no offset between users)

	Duration
	20s + 2 s warm-up

	HARQ
	Max # of transmissions = 4

# of HARQ processes = 5

Ack/Nack errors = 0%

	Scheduling Type
	1 serving cell per UE = best DL (same as HSDPA serving cell). All cells in UE’s active set send ACK/NAK.
No absolute grant for full buffer scenario

	Relation between scheduling and HARQ
	Per HARQ process scheduling. [4]

	Power control
	Outer loop driven by 1% BLER on DCH (ZTB)
Inner loop error rate = 4%

	DCH
	ZTB: 0kbps with CRC (gain factor= 5/15)

	E-DCH
	E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

	E-DPCCH
	Exist only if the E-DCH is transmitted. Beta factor = 17

	SHO restriction
	When in SHO E-TFS is restricted up to effective data rate of 512kbps.



































