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1.  Introduction

During the past RAN2 meetings, basic scheduling functions have been discussed and introduced into 25.813. In this document, we will further discuss some important issues on the uplink scheduling and give our proposals.
2.  Discussion
2.1 Influence of ACK/NACK errors on the uplink scheduling
Similar to current FDD EUL, synchronous HARQ is proposed to be the start point of LTE uplink. The main benefit of SHARQ is less control overhead since no explicit process Id needs to be informed. In HSUPA, the uplink OVSF codes can be reused by different users. Intra/Inter cell interference (or Rot) is the resource to be controlled by the NB scheduler. While in LTE, the uplink is orthogonal, which means the scheduler should assign different frequency resource to users served in the same TTI to keep the uplink orthogonality and eliminate intra-cell interference. The orthogonality feature together with SHARQ will make ACK/NACK errors more undesirable as analyzed below. (Note we assume non-adaptive HARQ is used and resource allocation only occurs at the initial transmission.)
· NACK is misunderstood as ACK

In HSUPA, if NACK is decoded as ACK, retransmission is resolved in RLC. The UE can initiate a new transmission using the same HARQ process if its buffer is not empty. 
In LTE, the NB scheduler will reserve resources after sending NACK for next retransmission. However, if the NACK is misinterpreted as ACK, the UE will send nothing since ACK is received and no grant is detected. Therefore the reserved resources are wasted since they can not be used by any other user. Retransmission of the wrong block is also left to ARQ.
· ACK is misunderstood as NACK
In HSUPA, UE retransmits the MAC-e PDU if ACK is detected as NACK, which may decrease the resource utilization due to the unnecessary retransmission. Besides, such a retransmission may cause extra uplink interference. 
In LTE, the NB scheduler will retrieve the reserved resources by sending ACK to the UE to inform that the data block has been received correctly. When ACK is detected as NACK, the UE will retransmit the “wrong” HARQ PDU still using the reserved resources. Due to the resource orthogonality, collisions will happen if the scheduler reassigns the resources to other users. Such collision will lead to wrong decoding of users using the overlapped resources. The influence may last until the maximum retransmissions has been reached and cause serious resource waste. Thus ACK->NACK errors in LTE uplink are more undesirable than in HSUPA.
The possible solutions to decrease the influence of ACK/NACK errors are:
· Improving the reliability of the ACK/NACK feedback channel. Differently from current HSPA, the error of ACK misunderstood as NACK is more serious. The acceptable error probability need to further evaluated, which seems to be more of a RAN1 topic.
· Using adaptive HARQ. This means only retransmission (if needed) time is predefined. The resource location and RV etc can be changed and will be informed to UE via grant channel. UE can not retransmit a block though NACK is detected if no grant is received.
2.2 Considerations on the persistent scheduling
Persistent scheduling (also referred to as “non-scheduled transmission”) has been agreed by several companies to be supported in LTE. The main benefits for persistent scheduling are providing a guaranteed grant and reducing signalling overhead. 
In general, resources including sub-carriers (resource block), starting time and repetition period etc will be assigned to a persistent scheduling service. Reconfiguration is possible via RRC or MAC messages. The MAC scheduler should control other scheduled transmissions dynamically to avoid conflict with persistent scheduling. However there will be latent conflict risk between retransmission of scheduled service and non-scheduled transmission if synchronous HARQ is adopted, which is shown in figure1. The non-scheduled transmission will potentially contend with 3rd retransmission of scheduled transmission. Five processes are assumed in this figure.
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Figure1: Collision in synchronous HARQ between scheduled and non-scheduled transmission (only for explanation purpose)

One possible solution to avoid such collisions is postponing transmission (or retransmission) of the low priority traffic, which needs extra control signalling however and will increase delay. Besides if adaptive HARQ is adopted, the scheduler may change resource unit of the scheduled retransmission to avoid collisions.

For the purpose of reducing control overhead, we propose the repetition period of the persistent scheduling should be multiple of RTT. For example, if 5 processes are permitted for the synchronous HARQ, the repetition period for persistent scheduling may be 5, 10, 15 TTIs etc. In this case, the MAC scheduler can entirely avoid collision between non-scheduled and scheduled transmission. Thus the latent collisions will be eliminated due to the period consistency. The guaranteed grant for the persistent scheduling can be obtained by adjusting number of resource blocks. Furthermore, multiple instance of persistent scheduling for one UE is possible, as shown in Figure2.
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Figure2: Two concurrent instances of persistent scheduling
3.  Proposals
Based on the analysis above, we propose:
1. Influence of ACK/NACK errors on the synchronous HARQ should be evaluated carefully. Improving the reliability of the ACK/NACK feedback channel or using adaptive HARQ are both possible ways to reduce such influence.
2. In LTE uplink, the valid repetition period of the persistent scheduling resource should be multiple of the HARQ process number to avoid latent resource collisions.
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