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1.Introduction
During RAN1-RAN2 Release 6 Ad Hoc, “what uplink signalling should be transmitted” had been mainly discussed. In this contribution, how uplink signalling should be transmitted is studied.

2.Discussion

“What uplink should be transmitted” had been discussed [1]-[6]. It is useful to consider the classification below.

· Signalling used with E-DCH (e.g. TFRI, HARQ information)

· Signalling not always used with E-DCH (e.g. RR (rate request), SI (scheduling information))

The former called E-Type and the latter called R-Type in this contribution.

We focus on R-type signalling, and study pros and cons. MAC signalling is studied in section 2.1 and L1 signalling is studied in section 2.2.

2.1. MAC signalling transmission

MAC-d signalling is studied in 2.1.1and MAC-e signalling is studied in 2.1.2.

2.1.1 MAC-d signalling transmission
MAC-d signalling is the signalling that carried by DCH transport channels and can be extracted by MAC-d at RNC (then transmitted to MAC-e at Node B). 

Pros:

· High backward compatibility: There are no changes regarding physical channels and transport channels to use. There are no changes for MAC functionality as well. It needs to add NBAP (Signalling to MAC-e at Node B). So, there are no impacts to the earlier release Node Bs.

· No Node B/ UE complexities: There are no complexities with regards to Node B reception or UE transmission since DCH is used.

Cons:

· Large delay: overall delay is large because the mechanism is received signal in MAC-d at RNC has to be send back to MAC-e at Node B. This large delay is so large that scheduling at Node B is meaningless.

Considering “large delay”, it is inexpedient to use MAC-d to carry R-type signalling.

2.1.2 MAC-e signalling transmission

MAC-e signalling is the signalling that carried by E-DCH transport channels and transmitted that can be extracted at MAC-e at Node B.

Pros:

· High backward compatibility: MAC-e is a new MAC entity and there are no impacts at all for existing Node B.

· No Node B/ UE complexities: There are no complexities with regards to Node B reception or UE transmission since DCH is used.

Cons:

· Large delay: the possibility of overall delay is larger. It depends on the scheduling schemes, channel conditions, the number of users. It has a disadvantage because E-DCH isn’t always assigned and it cannot be transmitted until it received correctly at Node B.

2.2. L1 signalling 

L1 signalling by new channel is studied in 2.2.1 and L1 signalling by conventional channel (DPCCH) is studied in 2.2.2.

2.2.1. L1 signalling by introducing a new channel

New channel (Here, we call it E-DPCCH) is transmitted by a different channelisation code from DPCCH, DPDCH and E-DCH.

The signalling is extracted at physical layer at Node B

Pros:

· Backward compatibility: There are no impacts for existing Node B, since the structure of DPDCH and DPCCH are unchanged, and interpretation of the signalling is also unchanged.

Cons:

· PAR issue: The larger number of multiplexing code is, the larger PAR becomes. PAR is the key issue to UE and to be carefully considered.

· Node B complexity: UE has to transmit an extra channelisation code channel. This causes UE complexity. 

· UE complexity: Node B has to receive (despread) an extra channelisation code channel. This causes Node B complexity.

2.2.2. Signalling transmission by conventional channel (DPCCH) 

DPCCH signalling is the signalling that uses FBI field and can be extracted by physical layer in Node B.

In earlier release (R99, Rel-4, Rel-5), there is FBI field in DPCCH. By expanding this field, it is possible to transmit the signalling.

DPCCH slot format is defined in section 5.2.1 in TS25.211, and recites 

The S field is used for SSDT signalling, while the D field is used for closed loop mode transmit diversity signalling. The S field consists of 0, 1 or 2 bits. The D field consists of 0 or 1 bit. The total FBI field size NFBI is given by table 2. If total FBI field is not filled with S field or D field, FBI field shall be filled with "1". When NFBI is 2bits, S field is 0bit and D field is 1bit, left side field shall be filled with "1" and right side field shall be D field.

How FBI field used is depicted in figure 1.
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Figure 1 Uplink signalling transmission using FBI field

In figure 1, combination for R99/Rel-4/Rel-5 are shown (1)-(6). (3) indicates the case NFBI =2, S field = 0bits and D field = 1. (4) indicates the case NFBI =2, S field =1bit and D field =0bits. 

E-DCH configuration cases are shown (7) - (9). (7) indicates the case NFBI =2, S field = 1bit and E field = 1bit. In this case, the format is compatible to that of (4). (8) indicates the case NFBI =2, E field = 1bit and D field = 1bit. In this case, the format is compatible to that of (3). 

Therefore, this expansion has a backward compatibility with regards to DPCCH slot format. It can be used not only “E-DCH configuration” case, but also combination with “SSDT” or combination with “closed loop diversity” case. In this proposal, it is assumed not to configure “E-DCH”, “SSDT” and “closed loop diversity” at the same time.

Pros:

· Low Node B complexity: Number of receiving code channel at Node B is unchanged. 

· Low UE complexity: Number of transmitting code channel at UE is unchanged.

· Backward compatibility: It is not necessary to introduce the new slot format, and the proposed scheme doesn’t impact earlier release Node Bs and UEs.
· Small delay: The possibility of small delay is the highest (than the other schemes) if the amount of information is small. This depends on the information is whether differential or absolute, amount of redundancy, transmitted with 1 or multiple slot(s), etc. However, DPCCH has an advantage because it transmits at any time and it has large SF.

Cons:

· Complexity: “E-DCH configuration” is to be added to RRC and NBAP. (However, this parameter is needed if E-DCH is introduced.)

· Gain factor of DPCCH is also depending on TPC, TFCI and PILOT, so it cannot be optimized separately for E-DPCCH to minimize uplink interference. This means that several coding scheme and transmission period may be needed like for existing R’99 feedback information, contrary to what would happen with a new code channel. This kind of complexity increase is however still believed to be significantly less than adding a new code channel.

Considering the study above, L1 signalling using DPCCH is the one preferred candidate to carry request update type uplink signalling. Especially in the case that small amount of real time data is needed.

3.Conclusion 

In this contribution, how to transmit real-time-type uplink signalling is studied. We showed a method to use FBI field to carry it. We propose to study further this in the work item phase.
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