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1. Introduction

Uplink control signaling is required for the operation of the E-DCH. At RAN1#38, the required information was divided into two groups:

· Transport format and hybrid ARQ related information

· Scheduling information

Furthermore, it was agreed to map the uplink control signaling on a separate channelization code, E-DPCCH, at least for the case of 2 ms TTI.

The first part of this contribution discusses the necessary quantities to signal, while the second part discusses suitable structures for its transmission.

2. Required Information

As discussed in the introduction, the uplink control information can be divided into two groups: transport format and hybrid ARQ related information and scheduling information. Additional bits, e.g., activity dependent pilots, are not discussed in this contribution.

2.1. Transport Format and hybrid ARQ related information

The transport format information is required to indicate (at least) the transport block size and the number of channelization codes and spreading factors the UE currently is using. The transport format indicator, E-TFI, is an index into the table of transport formats, similar to the R99 TFCI. To reduce the amount of signaling required for configuring the UEs (especially in conjunction with mobility), to simplify the UE implementation, and to simplify the UE conformance testing, it is recommended to use a fixed set of transport formats [1]. The number of E-TFI bits depends to some extent on the detailed design of the transport format table, but in the order of 6-7 bits is reasonable.

The hybrid ARQ related signaling required consists of information for soft buffer clearing and redundancy version selection. As discussed in [2] and [3], the RSN can be used for both these purposes. Three bits are considered to be sufficient for the RSN.

If the UE is allowed to change the E-DPDCH/DPCCH power ratio according to some UE-internal information, e.g., to handle different delay requirements for different LCHs, the Node B needs to be aware of the ratio used
 to able to perform soft combining of multiple transmission attempts and possibly also for Turbo decoding. The information can also be useful to the RNC for outer loop power control purposes. Unless the Node B estimates this information, the UE has to signal which (of a small number) of power offsets it used, preferably with at most a single bit.

Note that the transport format and hybrid ARQ information is only transmitted when data on the E-DPDCH is transmitted in a given TTI.

Proposal: The transport format signaling consists of 6 bits E-TFI. The hybrid ARQ signaling consists of 3 bits RSN.

2.2. Scheduling Information

Scheduling requests are used to indicate to the Node B that a UE has data to transmit. The more information the UE can provide to the Node B about its situation, the better the possibility for a good scheduling decision in the Node B. At the same time, it is desirable to keep the number of bits as low as possible to reduce the uplink interference. As discussed in [4], scheduling requests (reports) can be divided into two groups:

· Requests transmitted in parallel to E-DCH data transmission

· Requests transmitted when no E-DCH data transmission occurs (‘standalone request’)

These two categories of rate requests may have different characteristics in terms of information conveyed, number of bits, and frequency of transmission.

Based on [4], it is proposed that a scheduling requests (reports) transmitted concurrently with E-DCH transmissions consists of two bits of resource indication and one bit of QoS indication. Requests transmitted independently of an E-DCH transmission consists of one bit QoS and two bits of resource indication.

Proposal:

· Scheduling requests transmitted in parallel to E-DCH data transmission consist of 2 bits of resource indication and 1 bit of QoS indication.
· Scheduling requests transmitted when no E-DCH data transmission occurs consist of 2 bits (a small number) of resource indication and 1 bit of QoS indication.

3. Coding and Physical Channel Structure

Transport format (E-TFI) and hybrid ARQ (RSN) signaling is always transmitted simultaneously with E-DPDCH transmission. Scheduling request may or may not be transmitted simultaneously with the E-DPDCH and may also contain different information. One possibility would be to map these two types of information, E-TFI/RSN and scheduling requests, onto different channelization codes, e.g., E-DPCCH1 and E-DPCCH2, which would allow both types of information to be transmitted over the entire 2 ms subframe interval and with independent power settings. Another possibility is to time multiplex the two onto a single E-DPCCH. This requires only a single E-DPCCH, but requires attention in the design to ensure that the quality of the two fields is balanced. In the following, a single E-DPCCH is assumed as this seems to be the general view in RAN1.

If some form of scheduling information always is transmitted along with the E-TFI and RSN, as proposed in [4], there are three cases that can occur for the E-DPCCH:

1. No E-DPCCH transmission, i.e., DTX.

2. E-TFI, RSN, and scheduling request

3. Scheduling request only.

The E-TFI/RSN and the scheduling request can either be coded jointly or separately. Depending on the structure, the Node B has different ways of determining which of the three events above that occurred.

3.1. Separate Coding

Separate coding of the E-TFI/RSN and scheduling requests is simple and the overall coding structure, including mapping to the physical E-DPCCH, is illustrated in Figure 1. Unused parts of the 2 ms subframe are DTXed. The details of the two blocks codes are FFS, but one possibility is to use the R99 TFCI code with rate matching for the (40, 10) code. The (20, 3) code can be obtained by reusing parts of the (20, 5) CQI encoder used for the HS-DPCCH.
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Figure 1: Separate coding of the control signaling information.

The Node B can decode the two codes separately. Detecting the DTX of either all fields or the E-TFI/RSN field can be done e.g., by comparing the power level to the power level of the DPCCH or by observing the metric in the decoder. Other Node B knowledge may also be exploited although not necessary, e.g., whether the scheduler has sent a grant to the UE (case 2 expected) or not (case 1 or 3 expected). Some simulation results for this structure can be found in [7].

3.2. Joint Coding

Joint coding of E-TFI/RSN and scheduling requests is illustrated in Figure 2. In case of an E-DCH transmission, the E-TFI, RSN, and scheduling requests are multiplexed and convolutionally coded before being mapped to a 2 ms subframe interval on the E-DPCCH. In case of no E-DCH transmission, i.e., only scheduling request, the same coding structure is used. A reserved E-TFI/RSN combination, e.g., 000000000, can be used to indicate to the Node B that it is a ‘standalone scheduling request’ (i.e., no E-DCH transmission in parallel). This structure is more flexible with respect to the number of bits in a ‘standalone request’ than the separate coding approach. As is the case for separate coding, the E-DPCCH is DTX:ed if there is no control signaling information to transmit. Some simulation results for joint coding can be found in [7], when it is seen that joint coding has a performance advantage.

Proposal: Joint coding of E-TFI, RSN, and scheduling requests.
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Figure 2: Joint coding of the control signaling information.

3.3. Physical Channel Structure

The coded bits resulting from the coding of the E-TFI/RSN and scheduling request are mapped onto the E-DPCCH using SF=128. The power offset between the E-DPCCH and the DPCCH is set with higher layer signaling to allow for different receiver implementations, e.g., whether correlation in the control signaling betweentransmissions attempts are exploited or not [6].

Proposal:  The E-TFI/RSN and scheduling requests are encoded jointly. The result is mapped to the E-DPCCH using SF=128. The E-DPCCH/DPCCH power offset is set by higher layer signaling.

4. Support of Multiple TTIs

The E-DCH supports 2 ms and 10 ms TTI and it is desirable to find an as simple control signaling structure as possible, supporting both TTIs with adequate performance. For the case of a 2 ms TTI, a 2 ms time structure is required for the uplink control signaling. For the case of 10 ms TTI, it is proposed to create a 10 ms structure by five times repetition of the 2 ms structure. This allows for as much similarity between the TTIs as possible and may also be beneficial in compressed mode [5].

Proposal: Uplink control signaling for 10 ms TTI is obtained by 5 times repetition of the 2 ms structure.

5. Conclusions

It is recommended to adopt the above proposals and reflect this in TR25.808.
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� The quantity required in the Node B is the E-DPDCH SNR, but if the E-DPDCH/DPCCH ratio is known, the quantity can be obtained from the channel estimator operating on the DPCCH.





_1156750794.doc


E-TFI, RSN







(40, 10) block code







(20, 3) block code







Sched. Req.







1 slot







2 slots







E-DPCCH, SF=128












_1156750532.doc


E-DPCCH, SF=128







3 slots







RM







Sched. Req.







Mux







R=1/3�conv code







E-TFI, RSN












