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1. Introduction

The concept of persistent scheduling was introduced by [1] and further studied in, e.g., [2]-[4]. Persistent scheduling is necessary to accommodate efficiently a large number of periodically transmitted small fix-sized payloads such as VoIP, Gaming and other real time services. Therefore, the main purpose of persistent scheduling is to reduce the L1/L2 control signaling overhead such as resource assignment information and CQI feedback to support these types of traffic. However, a detailed method for achieving persistent scheduling from the RAN1 perspective has not yet been investigated in depth. Therefore, in this contribution, we propose a basic method for persistent scheduling focusing on the issues below.
· Radio resource assignment
· Fixed number of retransmissions for time/frequency diversity for a persistently scheduled UE
· Link adaptation
2. Proposed Persistent Scheduling Method
2.1. Radio Resource Assignment
(1) Basic transmission method

The main purpose of persistent scheduling is to reduce the L1/L2 control signaling overhead such as the radio resource assignment and CQI feedback. Considering this purpose, localized transmission based on frequency domain channel dependent scheduling is not desirable for persistently scheduled UEs. This is because to achieve localized transmission, L1/L2 control signaling should be used to inform the UE of dynamic changes in radio resource block (RB) assignment according to the results of frequency domain channel dependent scheduling. Furthermore, to achieve frequency domain channel dependent scheduling, a large amount of CQI feedback for multiple RBs is necessary in the uplink.
Therefore, we propose to restrict the transmission method to distributed-like transmission for persistently scheduled UEs. To achieve distributed-like transmission to exploit frequency diversity, the preferred specific transmission methods for downlink and uplink are as given below.

· Downlink: RB-level distributed transmission with N-block division [5], [6]
· Uplink: Localized transmission with frequency hopping
By using these transmission methods, predetermined radio resource assignment is achieved for persistently scheduled UEs. This predetermined radio resource assignment is established by higher layer signaling. Furthermore, only the average CQI over the entire bandwidth needs to be fed back to the Node B. Therefore, we can reduce the L1/L2 control signaling overhead for persistently scheduled UEs.
(2) Release of pre-assigned radio resources for persistently scheduled UEs
Considering the voice activation operation (VOX) in VoIP, even though the predetermined radio resources are assigned to persistently scheduled UEs, the assigned radio resources for the UE in the silent period (therefore, that UE does not have data to be transmitted) should be re-assigned to other UE using dynamic scheduling (based on fast channel-dependent scheduling). The following are our views on how to release the pre-assigned radio resources for persistently scheduled UEs.
· Downlink

In the downlink, Node B can know the buffer states of the persistently scheduled UEs. Therefore, when there are no data to be transmitted, Node-B re-assigns the RBs, which are originally assigned to the persistently scheduled UE, to other dynamic scheduled UEs. The persistently scheduled UE is not explicitly informed whether or not pre-assigned RBs are used for its own data transmission. However, by detecting the cyclic redundancy check (CRC) of the pre-assigned RBs, that UE can recognize that the RBs are used for other UEs in case the CRC check result is “NG.” By using this method, additional signaling for RB release is not necessary in the downlink.
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Figure 1 – Release of pre-assigned radio resources for persistently scheduled UEs in downlink

· Uplink

In the uplink, the persistently scheduled UE must inform the Node B of the buffer states in order to release the unused pre-assigned RBs and allocate those RBs to other dynamic scheduled UEs. We can consider the following three options to inform the Node B of the existence of data to transmit.
· Option 1: Assign request basis
· Inform predetermined interval (minimum: assignment interval) when the UE has data ( When Node B does not receive the assign request, Node B releases the pre-assigned RBs and allocates those RBs to other dynamic scheduled UE
· Option 2: Release request basis
· Inform predetermined interval (minimum: assignment interval) when UE has no data ( When Node B receives the release request, Node B releases the pre-assigned RBs and allocates those RBs to other dynamic scheduled UE
· Option 3: States transition information basis 
· Inform Node-B when the UE has new data (assign request) or when the UE finishes transmitting the data in the buffer (release request) ( When Node B received the release request, Node B continues to release the pre-assigned RBs and allocates those RBs to other dynamic scheduled UE until Node B receives an assign request.
Figure 2 illustrates the three options for releasing the pre-assigned radio resources for persistently scheduled UEs in the uplink.
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(a) Option 1
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(b) Option 2
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(c) Option 3

Figure 2 – Release of pre-assigned radio resources for persistently scheduled sets of UE in uplink
The down-selection of three options is FFS. However, considering the impact of detection error of the assign/release request information, our preference is Option 2, release request basis. This is because in Option 2, the detection error of the release request results only in unutilized uplink radio resources. In Option 1, the detection error of the assign request results in collision in the uplink between a persistently scheduled UE and a dynamic scheduled UE. If Node B transmits acknowledgement of the assign request, although a collision may be avoided, the signaling overhead is increased. In Option 3, the detection error results in status mismatch between the UE and Node-B and therefore both collision and resource-non-utilization occur.
To transmit the assign/release request information, our preference is to use a scheduled channel instead of a contention based channel (synchronized RACH) to reduce the detection error and reduce the amount of the required radio resources. The simplest way is to transmit the assign/release request with the uplink shared data channel as data-associated L1/L2 control channel. An alternative is to transmit the assign/release request using the uplink reference signal for CQI measurement or the CQI feedback channel.
2.2. Fixed Number of Retransmissions for Time/Frequency Diversity for A Persistently Scheduled UE
When HARQ is applied to a persistently scheduled UE, the following demerits occur.

· If asynchronous HARQ is used, dynamic radio resource assignment is necessary for retransmission even for a persistently scheduled UE. Therefore, the L1/L2 control signaling overhead is increased.
· If synchronous HARQ is used, the retransmission packet is transmitted from the pre-decided RB. However, in the downlink, two HARQ modes (Asynchronous for a dynamic scheduled UE and Synchronous for a persistently scheduled UE) are necessary.
Additionally, in both cases, the UE and Node B must send ACK/NACK as feedback. 

Therefore, our proposal is to use time/frequency diversity by using a fixed number of retransmissions as shown in Fig. 3. Therefore, HARQ is not used in the persistent scheduling. The merits of the proposed method are given below.

· The time-diversity effect is obtained by mapping the data sequence after channel coding over multiple sub-frames. Additional frequency diversity is also achieved by frequency hopping.
· No additional L1/L2 control signaling overhead
· ACK/NACK feedback is not necessary.
· If it is desirable, CRC can be attached to only the last retransmission packet.
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Figure 3 – Fixed number of retransmissions for time/frequency diversity
2.3. Link Adaptation
Link adaptation such as adaptive modulation and channel coding (AMC) and/or transmission power control (TPC) should be applied to persistently scheduled UEs to achieve the required packet error rate (PER) as well as dynamic scheduled UEs. For dynamic scheduled UEs, AMC is basically prioritized compared to TPC to achieve a high data rate efficiently.
However, use of AMC requires a change in the number of assigned RBs to convey the fixed data size of a VoIP packet. Therefore, if fast AMC is applied to persistently scheduled UEs, L1/L2 control signaling for RB assignment is necessary. TPC does not require the change in RB assignment. Therefore, we propose to use TPC for persistently scheduled UEs. Additional use of slow AMC for compensating the distance-dependent path loss variation is FFS. 

To achieve link adaptation, feedback of the downlink average CQI over the entire bandwidth and transmission of the uplink reference signal for CQI measurement are performed every assignment interval or at a more infrequent interval.
3. Conclusion
We proposed a basic method for persistent scheduling. The main features of the proposed persistent scheduling method are given below.

· L1/L2 control signaling is not used for resource assignment (higher layer signaling only)
· Restrict the transmission method to distributed-like transmission
· Downlink: RB-level distributed transmission with N-block division
· Uplink: Localized transmission with frequency hopping
· Application of a fixed number of retransmissions (no HARQ)
· Application of TPC as a link adaptation method of persistently scheduled UEs. Additional use of slow AMC for compensating the distance-dependent path loss variation is FFS.
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