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Introduction

The buffer status indicates the amount of data buffered in the UE and waiting to be transmitted over E-DCH. The UE uses buffer status reporting in order to obtain the appropriate data rate from the NodeB scheduler.
It is proposed to study what information will have to be signalled in order for the UE to indicate the status of its buffer and its ability to transmit but also in order to provide a more accurate NodeB scheduling.

Furthermore, the uplink signalling necessary to support the buffer status report will be studied.

Layer 1 signalling verses MAC-e signalling

If we were to use Layer 1 signalling to signal the Scheduling Information, BOI/PSI/rsvd will have to be sent in place of the TFRI. Therefore, it would be impossible to send E-DPDCH during that time. 

If we were to use Layer 2 signalling, BOI/PSI/rsvd will be included in the MAC-e header. Note that it is not possible to send the SI to the Node B in the case that the DPDCH is DTXed due to power limitation in the UE. Serving NodeB scheduler should always be aware when a UE is in power limitation so that it can allocate RoT to other users.
Layer 1 signalling 
Uplink signalling is required to support scheduling and HARQ.  The UE must indicate the amount of data available to transmit and its ability to transmit.  In addition, to enable the Node B to correctly receive the data transmitted on the EDCH, the UE must provide Transport Format information as well as related HARQ information. It may be noted that E-DPCCH is code multiplexed for both 2ms and 10 ms TTI.  In the case of 10 ms TTI, one of the possibilities is 5 times repetition of the 2ms structure.  Table 1 summarizes the bit requirements for HSUPA control channels.

Table 1 - Bit Requirements for UL HSUPA channels
	Information
	# Information bits
	Nslots
	Field Description

	TXI
	1
	3-4 symbols
	TXI(1)

	TFRI
	10
	3
	TFI(6)+RSN(2)+SR(1)+Rsrv (1)

	Scheduling Info
	10
	3
	PSI(5)+BOI(3)+Rsrv (2)


The Scheduling Information (SI) will comprise:

- BOI: Buffer Occupancy Indicator, indicates queue depth – 3 Bits. 
This information will be used by the scheduler for allocation of the remaining Uplink RoT. Special coding will be needed to efficiently cover the range of buffer occupancies e.g the UE could directly indicate the buffer occupancy in kBytes or the required data rate considering the buffer occupancy. In either case the scale will not be linear i.e. finer granularity is more required at lower occupancies than at higher occupancies, and the case when it is empty (0 rate or < 64 kbps) needs to be included. 
- PSI: Power Status Indicator, e.g. max power to DPCCH ratio or alternatively, supportable maximum E-TFC – 5 Bits.
 The scheduling Node B can determine if a UE is not using all the RoT that has been allocated but it will not be known to the scheduling Node B whether a UE in soft handover is reducing its power due to power limitations or due to other non scheduling Node Bs requesting a reduction in data rate. Therefore the UE will be required to indicate that it is in a power limited state either by means of special coding of the PSI for the UE power limitation case (together with signalling from the Node B to the RNC) or for RRC signalling from the UE to the S-RNC. Therefore we propose a special value may be affected to PSI to indicate the PA metrics or that the UE is reaching power limitations.  

- TXI: We propose that the TXI is sent on E-DPCCH but is not coded together with TFRI or SI information (i.e. TXI sent uncoded) [3]. 
Following the ad-hoc discussion on the RAN1 reflector relating to [AH 5.1] – E-DPCCH contents – the agreement for the Transport Format and Resource Information contents is:


- 6 bits E-TFI

- 2 bits RSN 
- 1 bit scheduling request (SR) -> to indicate margin of UE (more or enough) 
- 1 bit for priority info or for TXI or something else 
=> Total of 9 or 10 bits
The exact use of the Scheduling Request bit as not been agreed yet in RAN WG1. Our understanding is that this bit is not required if CRC is included as a part of E-DPCCH. From our point of view we would like the last bit to be TXI, such that it can be signalled before the Scheduling Information are send.  
UE Backoff
As mentioned in the previous section, it is preferable to indicate to the Node B that the UE is in power limited state (i.e. indicating that the UE is near [Max power – back off]), in the Scheduling Information by assigning a special value to the PSI. When UE Transmit Power is near [Max power – back off], at least the E-DPCCH is expected to be transmitted. Therefore E-DPCCH has priority, then E-DPDCH with reduced rate maybe transmitted or not. By backoff we are referring to the reduction in the maximum Transmit power to ensure that the UE will meet the adjacent channel requirements during multicode transmission. 
The back-off used for Release 6 should be aligned with what was done in previous releases including HSDPA (Release 5). DCH gains are denoted as ßc and ßd and the Release 5 HS-DPCCH gain is denoted as ßhs.

HSUPA will have ßE-DPCCH and ßE-DPDCH for the E-DPCCH and E-DPDCH.
ßE-DPDCH is chosen upon the E-TFC selection. 
When a reduction in the total power occurs due to power limitation, all ßc, ßd, and ßhs are scaled down in Release 5. The same principle should be kept with ßE-DPCCH  and ßE-DPDCH. Details are FFS and should be decided by RAN WG4 as it was done for HSDPA.
Mapping of SI Signalling

Therefore, taking into account all the points discussed previously, our preference for the Uplink signalling protocol to send the Scheduling Information on the E-DPCCH or in E-DPDCH is as follows:
· Send SI on the E-DPCCH whenever no data is sent including DTX resulting from UE Transmit Power limitation 
· Send SI in the MAC-e Header when E-DPDCH is sent

CRC will be colour coded (provided there is agreement in RAN1), in order to differentiate SI and E-TFRI and send on the E-DPCCH.

Scheduling Information Format
The exact same format will be kept whether BOI/PSI/rsvd is sent in the MAC-e header or using Layer 1 signalling. The motivation behind this is that the Node B will only need to handle one representation of this information even though it can be sent via 2 different routes. 

Conclusion

In this contribution, the bit requirements and signalling protocol to support the Scheduling Information display has been describe. It is proposed to discuss and agree on the following requirements:
· TXI is sent uncoded on E-DPCCH, using the reserved bits of either E-TFRI or SI 
· TXI is sent ahead of E-DPDCH (one TTI)
· CRC is colour coded for NodeB to differentiate SI and E-TFRI.

· SI to be send on E-DPDCH during ongoing transmission, otherwise SI to be send on the E-DPCCH  whenever no data is sent including DTX resulting from UE transmit power limitation
· SR bit is redundant if CRC included in the E-DPCCH
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