TSG-RAN WG1 #38
R1-040957
Prague, Czech Republic, August 16-20, 2004
Source:
Ericsson

Title:
Downlink Control Signaling

Agenda Item:
8.1

Document for:
Discussion and Decision

1. Introduction

Operation of the E-DCH scheduler and hybrid ARQ mechanism require control signaling in the downlink. Neither the exact quantities, nor how it is conveyed to the Node B has yet been decided.  The purpose of this contribution is to start a discussion on the required control signaling in the downlink and the basic structure used for its transmission.

2. Required Control Signaling

For hybrid ARQ, there is an agreement to use a single bit ACK/NAK in the downlink. Regarding scheduling, the quantities and the number of bits depend on the outcome of the scheduling discussion. The following discussion assumes that the following quantities need to be signaled in the downlink direction [1]:

· Absolute scheduling grants: These grants are multi-bit grants, containing at least an ID and an upper limitation on the amount of uplink resources a UE may use, and are assumed to be transmitted on a shared channel.

· Relative scheduling grants: These grants (updates) consist of a single bit, either binary UP/DOWN or three-leveled UP/HOLD/DOWN, and are signaled to each UE on a dedicated resource.

· ACK/NAK: This is a single bit, indicating whether the Node B has been able to correctly decode the uplink transmission or not.

In the following, the code and time structure for these channels are discussed.

As the E-DCH supports both 2 ms and 10 ms TTI, it is desirable to find a simple, yet well performing structure that is equally applicable to both cases.  This aspect is addressed in Section 6, where such a solution is proposed.

3. Absolute Grants

Absolute scheduling grants are transmitted on a shared grant channel (SGCH) as discussed in [1]. A shared channel is preferred as the number of bits expected per grant may prove too costly to transmit on dedicated resources to each user. At least one resource grant channel is configured in the cell and each UE monitors at least one grant channel. Which grant channel(s) a UE shall monitor is determined by higher layer signaling. A similar approach with a shared channel for the control signaling was adopted for HSDPA, where the UE monitors one or several HS-SCCHs. The grant channel carries absolute scheduling grants, consisting of (at least)

· Identity of the UE(s) for which the grant is valid.

· Maximum resources the identified UE(s) may use.

The start time is preferably tied to the reception of the scheduling grant, e.g., as the start of the upcoming (sub-)frame in the uplink. Additional information can be included, depending on the outcome of the scheduling discussion.

A structure similar to the HS-SCCH could be used for the grant channel, although there are differences between the two cases that may call for slightly different solutions. For example, unlike the HS-SCCH, there might not be a need for separate coding of two parts, Part1 and Part2.

The code rate on the channel depends on the number of bits required for the scheduling grant and the spreading factor. With a spreading factor of 256, 60 coded bits can be fitted in a 2 ms interval. This could allow for ~20 information bits per 2 ms interval at a reasonable code rate (depending on details such as the number of tail bits, etc). 

Proposal: A shared grant channel is used to transmit the absolute scheduling grants. Higher layer signaling is used to inform the UE which grant channel(s) to monitor. 
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Figure 1: Illustration of the scheduling grant channel.

4. ACK/NAK and Relative Grants

Both the ACK/NAK signaling and the relative grants are carried on a dedicated resource.

ACK/NAK signaling was discussed already during the SI phase. Several alternatives were discussed, e.g., time multiplexing the bits onto the downlink DPCH, or multiplexing of several users onto a single channelization code using different orthogonal Walsh codes on the bit level. The first alternative has been shown to have significant peak power requirements in some situations, while the second alternative alleviates this problem [2]

 REF _Ref79934683 \r \h 
 \* MERGEFORMAT [3]. Hence, ACK/NAK signaling on a single channelization code shared by multiple users as illustrated in Figure 2 is recommended.

Similarly to the ACK/NAK signaling, the relative scheduling grants require a dedicated resource. Although the error requirements for the ACK/NAK and the relative scheduling grant may differ consequently the peak power requirements may differ, it is desirable to introduce as small number of new signaling structures as possible. Therefore, it is recommended to use the same structure for the relative grants as for the ACK/NAK. Using this structure for the relative grants also has the advantage of separating the channels required for the enhanced uplink as much as possible from the R99 processing, which simplifies both specifications and implementations.

In Figure 2, the proposed structure is illustrated. Each piece of 1-bit information for a UE (ACK/NAK or relative grant) is multiplied by a specific orthogonal sequence (e.g. Hadamard sequence). The length of the sequence is chosen to be equal to the number of bits that can be transmitted in a single slot (20 bits in the example in the figure). The streams resulting from the sequence multiplication is summed, forming a signal intended for one user. After three times of repetition, the user signals are summed, spread with a channelization code and transmitted over the air.

Proposal: A single channelization code is used to carry ACK/NAKs for multiple users, each UE being distinguished by unique orthogonal bit sequences with which the ACK/NAK is multiplied prior to spreading. The transmission of relative grants is done in the same way as the transmission of the ACK/NAKs.
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Figure 2: Signaling of ACK/NAK and relative grants for multiple users using a single downlink channelization code (SF=256 and 20-bit orthogonal sequences, allowing for 10 users sharing a single channelization code, has been used an example).

5. Time Structure

With a 2 ms TTI, a 2 ms control signaling structure is required. For the shared scheduling grant channel, it is proposed to use the same timing as for the HS-SCCH, i.e., the start of sub-frame #0 on the scheduling grant channel is aligned with the start of a P-CCPCH frame. As the ACK/NAKs and relative grants are transmitted using user-specific orthogonal sequences but sharing a single downlink channelization code, the timing of these transmissions has to be time-aligned (or at least slot aligned). It is proposed that the transmission of ACK/NAKs and relative grants shall use the same timing as the shared grant channel. This also allows the rules in the UE on how to prioritize between absolute grants and relative grants to be simplified as these signals are available at the same time. The overall timing relation is illustrated in Figure 3.

Proposal: The channels for absolute grants, the ACK/NAKs and the relative grants all use the same timing as the HS-SCCH. 
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Figure 3: Timing of absolute grants, ACK/NAKs and relative grants.

6. Support of Multiple TTIs

The E-DCH will support 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. In principle, it is strongly beneficial if the duration of the control signaling does not exceed the TTI. Hence, a 2 ms signaling structure is required for the case of a 2 ms TTI. 

For the case of a 10 ms TTI, there are different possibilities. As it is not desirable to have a completely different structure for the 10 ms case but to maintain as much commonality as possible, the following two alternatives are simple, yet providing good performance:

· Use the 2 ms control signaling structure regardless of the TTI. This alternative is simple as the signaling structures are identical, regardless of the TTI. Note that even UEs with 10 ms TTI benefits from a 2 ms structure for the absolute scheduling grants as it reduces the scheduling delays, which is an important aspect. Using a 2 ms control signaling structure regardless of the TTI also allows UEs with different TTIs to use the same control channel. The structure also allows the scheduler to assign grants to several UEs per TTI (if the UEs have different uplink timings) using a single shared grant channel (with a longer duration of the scheduling grant, multiple grant channels in a cell would be needed for the same rate of grants).

· Generate a 10 ms control signaling structure by repeating the 2 ms messages five times. This is a simple extension to the structure discussed in the previous sections. As each control signal has a longer duration, the transmit power for the related signaling is reduced. Note that, as the code rate for the 2 ms absolute grant channel should be sufficiently low to provide good performance for this case, there is not much additional coding gain to obtain and simple repetition is sufficient to give the possible energy gain.

Either of these alternatives are possible, although the first one seems slightly simpler, provides some gains with respect to scheduling delays, and poses no restrictions with respect to mixing 2 and 10 ms UEs in a cell. Hybrids of the two alternatives are of course also possible, e.g., to keep the 2 ms structure for the absolute scheduling grants and to perform repetition for the ACK/NAKs.

Proposal: A 2 ms control signaling structure is used regardless of the E-DCH TTI.

7. Conclusions

Downlink control signaling for the E-DCH has been discussed. It is proposed that:

· A shared grant channel is used to transmit the absolute scheduling grants. Higher layer signaling is used to inform the UE which grant channel(s) to monitor.

· A single channelization code is used to carry ACK/NAKs for multiple users, each UE being distinguished by unique orthogonal bit sequences with which the ACK/NAK is multiplied prior to spreading. The transmission of relative grants is done in the same way as the transmission of the ACK/NAKs.

· The channels for absolute grants, the ACK/NAKs and the relative grants all use the same timing as the HS-SCCH.

· A 2 ms control signaling structure is used regardless of the E-DCH TTI.
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