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1. Introduction

In previous RAN2 meetings the potential transport channels for LTE have been discussed. One of the larger open issues in the RAN2 TR is whether a separate RACH transport channel is needed and, if needed, what information that should be transmitted on the RACH. The need for, and structure of, a RACH transport channel is tightly coupled with the handling of uplink scheduling information. In the following paper we therefore outline different alternatives to handle the transmission of uplink scheduling information and draw conclusions for the needed uplink transport channels in LTE. 

2. Transmission of scheduling information
An orthogonal uplink, where the Node B scheduler is responsible for rapidly allocating resources among UEs having data for transmission, has emerged as the main candidate for E-UTRA. Hence, a mechanism for UEs to request resources is required. Once the request has been granted, uplink data transmission can take place on the granted resources. However, in absence of recent uplink transmissions, the Node B cannot control the UE transmission timing. In this case timing synchronization needs to be obtained before UL transmissions can be performed.
In principle, two different situations need to be considered; 
· Synchronized uplink transmissions, e.g., scheduling requests or user data.

· Non-synchronized uplink transmissions, i.e., random access. A guard time is required to account for timing uncertainties.

2.1. Non-synchronized transmission

In absence of recent uplink transmissions, the Node B cannot control the UE transmission timing. Hence, there is a need for a random access procedure (synchronization procedure)to establish synchronization with the Node B, e.g., at power-on. As discussed in RAN1, the main purpose of the E-UTRA random access procedure is to obtain uplink time synchronization within a fraction of the uplink cyclic prefix. After time synchronization is obtained, scheduling information can be transmitted according to one of the alternatives described in the following sections. 

It is worth noting that the random access procedure must be designed for the worst case scenario. At a minimum it must encompass a sufficiently large guard time to handle the timing inaccuracy due to the cell size (100 (s is proposed in ‎[1]) and a sufficiently long signature sequence for good detection performance. The amount of additional payload possible in a random access burst is therefore very limited. As a comparison, in a network deployed for 64 kbit/s uplink coverage, the payload in a 0.5 ms TTI is 32 bits in case of a scheduled transmissions. For the random access burst which is unsynchronized the number of bits will be significantly smaller due to the reasons above (e.g. 10-16 bit depending on the signature sequence) and there may only be room for a UE id without any scheduling information.
It should be noted that any non-synchronized transmission is far less efficient than time synchronized transmission due to the guard times needed in the non-synchronized case. The payload sent as non-synchronized transmission should therefore be minimized.

The random access procedure uses a physical channel which should not be confused with the potential RACH transport channel that could be needed to send scheduling information or other signalling in a contention based manner.

2.2. Synchronized transmission

After the UE has obtained time synchronization with the network through the random access procedure it will remain synchronized during some time. When the UE is time synchronized it is possible to transmit scheduling information according to one of the alternatives described in the following.
2.2.1. Alternative A: Separated L1 and L2 Scheduling information
One alternative for the scheduling information is to use a simple L1 scheduling request (in principle only containing a single bit) to request the initial scheduling grant. The UE needs to be identified, e.g.,  by using UE-specific scrambling of the scheduling request. When the Node B receives the L1 scheduling request it issues a scheduling grant to the UE, which allows the L2 scheduling information to be transmitted. In high load scenarios the grant may only allow the UE to transmit the L2 scheduling information, while in low load situations the grant may also allow user data to be transmitted simultaneously. As the L1 scheduling request is small, it can be transmitted together with other L1 control signalling, in principle in every subframe if necessary.
When the UE has received the scheduling grant it will transmit the L2 scheduling information, containing information such as data priority, traffic volume etc. The L2 scheduling information is a MAC message coded as a MAC header or a separate MAC control PDU. If the grant allows, user data will be included in the same transmission as the scheduling information. Otherwise the UE needs to wait with the user data transmission until a consecutive scheduling grant is issued as a result of the L2 scheduling information.
For an application such as VoIP, the L1 scheduling request would be transmitted for every voice packet. If the scheduler issues sufficiently large grants, the VoIP packet can be transmitted directly without waiting for the L2 scheduling info to be transmitted.  

Note that in this alternative the L2 scheduling information is always transmitted as scheduled data, i.e. collisions do not occur. During ongoing transmission, subsequent scheduling information is transmitted appended to the data in MAC, i.e. the L1 scheduling request is only needed to get the initial grant for a burst. 

2.2.2.  Alternative B: Only L2 scheduling information
Another alternative is to rely only on an L2 scheduling information message. In cases where the UE has obtained time synchronization through the random access procedure but does not have any valid scheduling grant, the L2 scheduling information needs to be transmitted in a contention-based manner. Since collisions may occur, it would be feasible to model this as a separate transport channel, a RACH.
Every time the UE needs to send data and no valid grant is available, it transmits the L2 scheduling information (containing information such as data priority, traffic volume etc) on RACH. HARQ may potentially be applied even if it is not obvious how this should be done (e.g. there would be a need to distinguish between collisions and collision free but erroneous transmission since soft combining would not be desirable in the collision case). Some kind of contention resolution method would also be needed on RACH. When a scheduling grant is available, e.g. during ongoing transmission, the scheduling grant is appended to the regular data transmissions on the uplink shared channel.
The advantage with this alternative is that the scheduler already from the beginning has information that supports the scheduling decision, e.g. allows scheduling only of high priority services. The drawback is that the contention based RACH transmissions will require a lot of resources if the collision probability should be kept low. As one of the reasons for using an orthogonal uplink scheme is to reduce intra-cell interference, semi-statically allocating separate resources for the contention-based L2 scheduling information, either in time or frequency, may be preferable. This could lead to inefficient resource usage in the uplink and/or increased delays in transmission of the scheduling information.
If a RACH transport channel would exist we propose that it is only used for contention based scheduling information. All other control signalling and all user data is proposed to be transmitted in a scheduled manner. If a RACH transport channel would exist it needs to be further studied how the resources should be split between contention based scheduling information and scheduled transmissions.
3. Discussion and Proposal
As described in section 2, a random access procedure is needed to obtain time synchronization before transmission of scheduling requests can be performed. Two alternatives have been outlined for the transmission of scheduling information when the UE is time synchronized. Alternative A; where a combination of outband L1 scheduling requests and inband L2 scheduling information is used and alternative B; where only inband L2 scheduling information is used.
In Alternative B the L2 scheduling information for each burst (when no grant is available) is transmitted in a contention based manner which means that the RACH will consume relatively large resources to keep the collision probability low. In alternative A the L2 scheduling  information is always transmitted in a scheduled manner and only the (short) L1 scheduling request is contention based. This means that the amount of resources reserved for the scheduling requests can be kept low.
From a delay perspective both alternatives offer the same delay in low load situations in case the initial grant in alternative A is sufficient to transmit both the L2 scheduling request and user data. However, in high load situations the collisions on the RACH would be more severe for alternative B due to the longer messages transmitted in contention based manner.
From a complexity viewpoint alternative A offers a simple mechanism where all user data and control plane signaling is performed on the same transport channel (the uplink shared channel) and there would not be any need for a RACH transport channel.

4. Conclusion

It is proposed to agree on the following and capture the agreements in the RAN2 TR:
· When the UE is not time synchronized, a random access procedure is used to obtain synchronization prior to the transmission of scheduling information.
· When the UE is time synchronized but no scheduling grant is available, a L1 scheduling request signal is transmitted in a contention based manner to indicate that resources should be scheduled.
· L2 scheduling information (containing e.g. priority information and data volume) is only transmitted as scheduled transmissions, either appended to user data transmissions or stand alone when no user data transmission is ongoing.
· No RACH transport channel is needed. All user data and control signaling (except the MAC scheduling information) is transmitted on the uplink shared channel as scheduled transmissions.
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