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1. Introduction

Operation of the E-DCH scheduler and hybrid ARQ mechanism require control signaling in the downlink. At the joint RAN1/RAN2 session at RAN1#38, a framework for the scheduling scheme was agreed upon, including the necessary signaling. In this contribution, a downlink signaling structure is proposed.

2. Required Control Signaling

From the agreements at RAN1#38 and earlier meetings, it is clear that (at least) the following information is required in the downlink direction:

· Absolute scheduling grants: An absolute scheduling grant is transmitted on a shared channel and consists of at least the identity of the UE (or group of UEs) for which the grant is valid and the maximum resources this UE (these UEs) may use.

· Relative scheduling grants: A relative grant is transmitted on a dedicated resource and consists of (at least) one bit, UP/HOLD/DOWN.

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

In addition to this information, there has also been a proposal on an “overload indicator” transmitted from non-serving cells for scheduling in soft handover [4], although no decisions with respect to this have been made yet. Note that the overload indicator from a UE signaling perspective can be seen as a relative scheduling grant, although the UE behavior is different.

In the following, the code and time structure for these channels are discussed. The UE behavior with respect to the different scheduling grants are discussed in [3].

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 8, where such a solution is proposed.

3. Absolute Grants

Absolute scheduling grants are transmitted on a Shared Grant CHannel (SGCH) as already agreed upon. At least one SGCH is configured in the cell and each UE monitors at least one SGCH. Which grant channel(s) a UE shall monitor is determined by higher layer signaling. Whether a single SGCH is sufficient or if the UE shall be required to monitor a small number of SGCHs is left for further discussion. 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

· ID, 16 bits. 
This is the ID of the UE(s) for which the grant is valid. For HSDPA, a 16 bit ID was used and it is reasonable to reuse the same assumption for the enhanced uplink. Note that the ID field can take the values BUSY and NOT_BUSY as well with the scheduling scheme outlined in [3]. 
· Resource limitation, 4 bits.
This is an upper limitation on the amount of resources the UE is allowed to use. Four bits is a reasonable assumption.

Although the SGCH is similar to the HS-SCCH, reusing the HS-SCCH coding structure is not desirable. The HS-SCCH uses UE specific scrambling after the coding operation. As the UE may need to check multiple IDs (its own ID and possible one or several common IDs), it is clearly desirable if the UE can decode the control signaling prior to checking the ID as multiple decoding operations in a UE would be required otherwise.

Typically, there will only be one SGCH (or possibly a small number of SGCHs) in a cell, but the SGCH should cover the whole cell. Hence, power is a more critical resource than code utilization and a low code rate is beneficial. Using SF=128 results in 120 coded bits per 2 ms, which easily allows for a code rate lower than 1/3 with the numbers above.

The overall SGCH coding structure is illustrated in Figure 1.
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Figure 1: SGCH coding structure. The number of 120 coded bits assumes a SF=128 code and 2 ms signaling duration.

Proposal:  Adopt the coding structure in Figure 1 for the SGCH. The SF for the SGCH is fixed to 128. Higher layer signaling is used to set the OVSF code upon which the SGCH is mapped.

4. ACK/NAK Signaling

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 [1]

 REF _Ref82683539 \r \h 
[2]. Furthermore, note that the UE must be able to receive ACK/NAK signaling from all cells in the active set.

In Figure 2, the proposed structure for ACK/NAK signaling on a single channelization code shared by multiple users is illustrated. Each piece of 1-bit ACK/NAK information for a UE is multiplied by a specific orthogonal sequence (e.g. Hadamard sequence), forming a signal intended for one user. The user signals are summed, spread with a channelization code and transmitted over the air. Note that the downlink uses QPSK modulation, i.e., both the I and Q branches are available for signaling purposes
.

To simplify the overall structure, it is proposed to use a fixed spreading factor for the ACK/NAK channel. With SF=128, 40 bits of information can be transmitted (20 on I and 20 on Q). Additional codes can be set up, depending on the number of users currently being assigned an E-DCH. The alternative of using a variable spreading factor requires reconfiguration of all E-DCH UEs in a cell when additional E-DCH UEs enter the cell, which is not desirable.

The simplest choice of orthogonal sequences is to use a Hadamard sequence with a length equal to the number of bits in a slot and to apply the same user-specific sequence in each slot. However, in high Doppler scenarios, the ortohogonality between the users is compromised as the channel is no longer constant over a slot, which may cause a near-far problem between users. The amount of interference between the users in a high Doppler scenario depends not only on the power settings, but also on the sequences used. To avoid complicated sequence assignment among the UEs, it is proposed to use “code hopping” between the slots, i.e., different orthogonal sequences are used in different slots as illustrated in Figure 3. This will avoid a certain user getting stuck in a poor interference situation. The hopping sequence should be specified in the standard and can be made simple. For example, the first user can use orthogonal sequence number 1, 2, 3, 4, 5, 6, … in the slots, the second user can use 2, 3, 4, 5, 6, 7, … and so on. The length of the hopping sequence could be set equal to the duration of a radio frame. In Section 11, some simulations results illustrating the performance at different Doppler frequencies can be found.

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 single bit ACK/NAK is multiplied prior to spreading. Code hopping is used to improve the performance at high Doppler frequencies. 
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Figure 2: Signaling of ACK/NAK and relative grants for multiple users using a single downlink channelization code (SF=128 and 20-bit orthogonal sequences has been used an example). Note that the orthogonal sequences may be different from slot to slot as illustrated in Figure 3.
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Figure 3: Orthogonal sequences without (left) and with (right) code hopping. The use of 4-bit sequences is for illustrational purposes only.

5. Relative Grants

Relative grants shall be received at least from the serving cell to allow for adjustments of the data rate of a currently ongoing transmission. Furthermore, in soft handover, it is strongly beneficial if the non-serving cells in the active set has the possibility to influence the data rate a UE is using as discussed in [3]. This can be achieved by receiving relative grants also from the non-serving cells, although the processing of these grants may differ from the grant received from the serving cell. 

From the serving cell, a dedicated resource is clearly required for the relative grants. From a non-serving cell, either dedicated resources or a common resource could be envisioned. Dedicated resources would allow a non-serving cell to individually influence UEs, while a common resource could save downlink power resources. In case a common resource is used, as proposed in [4], the relative grants received from non-serving cells could be seen as an “overload indicator”, indicting whether the neighboring cell has reached its load limit or not. From a radio perspective, the main purpose with the relative grants from non-serving cells is to avoid an excessive noise rise in the cell caused by UEs primarily served by another cell, i.e., to avoid “overloading” the non-serving cell. 

From an implementation point of view, it is desirable to reduce the number of channelization codes the UE need to despread. One attractive possibility, avoiding changes to existing R99 channels, is to use the same structure for the relative grants as for the ACK/NAK signaling and to let the two pieces of information share the same OVSF code. This is always possible from the serving cell. For the non-serving cells, the same structure can be used, regardless of whether dedicated or common signaling is used, but separate OVSF codes may be needed for the ACK/NAK and relative grants in case of common signaling. Note that, from a UE point of view, there is no difference between common and dedicated signaling. The UE only needs to be informed where to find the information from the non-serving cells.  This could allow for both dedicated and common signaling if desirable.

If the relative grants and ACK/NAK are transmitted using the same OVSF code, IQ multiplexing using a single orthogonal sequence could be considered. However, IQ multiplexing may be less suitable for signaling from the non-serving cells in case of common relative grants (broadcasted overload indicator).

Proposal: Relative grants are transmitted using the same structure as the ACK/NAK signaling.

6. 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 are transmitted using user-specific orthogonal sequences, sharing one (or a few) 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. The overall timing relation is illustrated in Figure 4.

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 4: Timing of absolute grants, ACK/NAKs and relative grants.

7. Activation Time

The grant should affect the UE behavior as soon as possible, e.g., as the start of the upcoming (sub-)frame in the uplink. However, there is a need to allow a minimum time for UE to processing. It is therefore proposed to define the start of the validity period as the (sub-)frame that starts in the interval [1 slot, 1 slot+1 uplink TTI] from the end of the reception of a grant. 

Proposal: The validity of a grant, relative or absolute, starts at the uplink (sub)frame occurring in the interval [1 slot, 1 slot+1 uplink TTI] from the end of the reception of a grant.

8. 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. 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 can be considered:

· 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 shared grant 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 for the SGCH, the first one seems slightly simpler, provides some gains with respect to scheduling delays, and poses no restrictions with respect to mixing of 2 and 10 ms UEs in a cell. For the ACK/NAKs and relative grants, there are no benefits of having a signaling duration shorter than the TTI and it is recommended to use repetition for this signal.

Proposal: A 2 ms SGCH control signaling structure is used regardless of the E-DCH TTI. Repetition is used for the ACK/NAKs and relative grants in case of a 10 ms E-DCH TTI.

9. Conclusions

Downlink control signaling for the E-DCH has been discussed. It is proposed to adopt the above structure for the E-DCH downlink control signaling.
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11. Appendix: SGCH Performance vs Doppler Frequency

In this section, some simulation results for ACK/NAK and relative grants are provided, illustrating the performance at high Doppler frequencies. Although the enhanced uplink primarily is optimized for low Doppler scenarios, it is important to ensure that the enhancements provides reasonable performance also at high Doppler frequencies.

In the simulations, a 2 ms signaling interval for both ACK/NAK and relative grants is used. The ACK/NAK transmission power is power controlled to obtain Es/N0=-11 dB at the receiver, where Es is the symbol energy measured over 128 chips. This achieves 0.1% NAK-to-ACK error probability at low Doppler if BSPK signaling is used. The relative grants transmission power is set to obtain Es/N0=-16.5 dB, providing 5% error rate. The final design of the downlink control signaling may use somewhat different power levels, although the numbers given above are reasonable examples.  A Pedestrian A channel is assumed.

A far-end user requires a significantly higher transmission power than a near-end user and the difference can be in the order of 20 dB. The impact on the near-end user due to the higher transmission power used for the far-end user is therefore of interest.

In Figure 5, the near-far resistance between different sequence pairs is shown, showing that there may be a significant difference between good and bad pairs. In Figure 6 and Figure 7, the performance with and without code hopping is shown. As seen in the plots, the power difference between an ACK/NAK and a relative grant to the same user is not a problem, but between users there may be significant interference.
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Figure 5: Near-far resistance between orthogonal Hadamard sequences of length 20. Flat fading channel, 200 Hz Doppler.
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Figure 6: Near-far resistance between ACK/NAK and relative grant transmitted to the same user. The relative grant BER is plotted vs the Doppler frequency.
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Figure 7: Near-far resistance between different users for poor sequence allocation, good sequence allocation, and code hopping. Two receivers are shown, conventional detection ('conv') and joint detection ('JD'). The Doppler frequency is 200 Hz.

� With imperfect channel estimation, there will be leakage between the I and Q branch. Hence, there may be reasons to use only one of the two branches for each orthogonal code, especially if the power levels differ significantly between the signals.
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