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1. Introduction

It is desirable that E-UTRA should be able to support sufficient number of persistent services such as VoIP, gaming and multimedia streaming. These are near real time services requiring tight delay bound and frequently transmitting packets at regular intervals. Due to small packet size of these services, scheduling control signalling overhead is non-negligible to schedule these UEs every TTI. Hence, to resolve this problem, the concept of persistent scheduling was introduced [2] and has been studied [2-8]. Referring to [2], Node B signals a “scheduling pattern” to the UE with near real time service. As the transmission instants and resource assigned for the UE are known to both eNode B and the UE, there is no need for control signalling at those time instants. 
In [7][8], group scheduling for persistent services has been proposed considering HARQ process of persistent scheduled UEs. However, further consideration is necessary on the efficient utilization of radio resources, deliberating on the interaction between persistent scheduled UEs and dynamically scheduled UEs. More specifically, group scheduling should reflect variations in resources required for persistent type services so that efficient resource sharing can be possible with dynamically scheduled UEs.

In this contribution, the details of group scheduling scheme in [7][8] are delineated taking into account all these enumerated considerations, which enables efficient resource management with low control signalling overhead. 
2. Group Scheduling

The main purpose of group scheduling is to have some degree of freedom or flexibility in resource management for persistent service. This flexibility is needed because not all persistent scheduled data traffic can and will be periodic. 
In the proposed group scheduling, each persistent scheduled UE is assigned to one or more scheduling groups. There can be several number of scheduling groups in each cell/sector of which can be distinguished by a unique group ID within an eNode B. Resource assigned to this group is not exclusive and parts of this resource can be used in other scheduled groups or dynamic scheduled UEs. The number of bits in the group control signalling depends on the number of UEs in the group. In the group control signalling, there is group resource allocation bitmap of UEs in the group. Each transmit indicator bit (TIB) in the group resource allocation bitmap is UE specific as shown figure 1. 

As shown in figure 2 and 3, the time-frequency resource to be assigned to each scheduling group is pre-determined. If there are K number of UEs in a group, then the amount of 
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 resources is pre-assigned to the group, where 
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 is the unit of assigned RB size per TIB. 
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 can be determined by the geometries or channel conditions of UEs in each group, so it can be different from each group. The eNode B sends a group control signalling at every persistent scheduling interval to the UEs in each group. After receiving their corresponding TIB, they come to know whether Node B is going to transmit data payload for them in case of downlink scheduling or they are allowed to transmit data payload in case of uplink scheduling.
In other words, if 
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is set to ‘1’, then it denotes the UE corresponding to the k-th TIB is activated at the corresponding TTI. If TIB values for all the K UEs within a group add up to L, it means there are L number of UEs transmitting/receiving data packets using 
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 frequency resources in this TTI. Within the pre-assigned group resource, frequency resource should be utilized consecutively as in figure 2 and 3. Rest of the resources, 
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should be assigned to other groups or dynamic scheduled UEs for efficient frequency resource utilization.

The number of bits in the group control signalling depends on the number of UEs in the group. If there are 12 UEs belonging to group 1 as in figure 2, transmit indicator bits (TIBs) would be 12 bits. At a certain time instant, if UE1, 3, 4, and 6 transmit/receive data payload, then the eNode B would transmit “101101000000”. In this case UE 1 would transmit/receive data in the left most resource slot of the resource allocated to this persistent group and UE 3 would transmit/receive data on resource block right next to UE 1 and so forth. 

The allocated group resources can be either right, left or centre aligned to maximize frequency utilization. Figure 3 shows example of different group alignments.

Since it is assumed that fast frequency domain scheduling is not employed to persistent scheduled UEs, the actual physical mapping between the resources allocated to the group scheduled data and the frequency bins should be in a way to exploit frequency diversity. We believe distributed manner within the allocated resource to the active UEs, i.e 
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 in the group at that TTI would be appropriate. 
The following sections describe in detail the proposed group scheduling for downlink and uplink.
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Figure 1. Mapping between the group-associated UE ID and TIB and unique UE ID
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Figure 2. Example of Group scheduling with 2 groups 
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Figure 3. Example of group scheduling with 3 groups 

2.1 Group scheduling in Downlink
In this section, group scheduling for DL is described in detail. If one can assume only certain types of services whose traffic is generated with predefined period, namely ‘new payload generation period’, the meaning of TIB can be differently interpreted depending on when it is transmitted. In other words, it indicates new payload transmission at the beginning of ‘new payload generation period’ while it means retransmission during ‘new payload generation period’. For these types of services, group scheduling can be performed without any problem solely based on TIB. Figure 4 shows how the proposed group scheduling works, assuming that data payload is transmitted with 4-TTI interlaced patterns and new data payload is generated every 12 TTI. 
However, there are other types of services whose traffic generation occurs irregularly. For these types of services, operation in Figure 4 will impose unnecessary delay. For example, even if a UE issues early ‘ACK’ for the previous data and new payload for the UE is already available at Node B before the end of the payload generation period (12TTI), the payload transmission should be deferred until the beginning of the next payload generation period. In order to reduce transmission delay, we introduce new payload indicator bits (NIBs) to the group control signalling additionally. By means of NIB, the UE is informed that there is new data payload available at Node B. Therefore, eNode B can transmit new payload as soon as it arrives at the eNode B buffer. 
Figure 5 shows an operation example for the scheme with new payload indicator. When eNode B has new persistent payload to transmit to a certain UE, then it will invoke new payload transmission by setting TIB and toggling NIB corresponding to the specific UE in the group. The NIB should be a toggle state bit to insure valid operation of the scheme when the control signal is somehow corrupted and lost. This means that NIB will toggle every time there is new payload to transmit. For any reason if the UE did receive a corrupted payload, it will signal a NAK to the eNode B and eNode B will schedule a HARQ payload retransmission with TIB. If eNode B has no payload to transmit through the persistent scheduled UE data channel, it will set the TIB to ‘0’.
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Figure 4. Example of group scheduling operation in downlink with just transmit indicator bit
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Figure 5. Example of group scheduling operation in downlink 

with transmit indicator bit and new payload indicator bit
Considering not all UEs’ data payload is generated regularly, there are UEs with regular data payload generation and irregular data payload generation. Some UEs whose data payload is generated regularly are signalled only with TIBs and other UEs whose data payload is generated irregularly are signalled both with TIB and NIB. To keep from any impact on figuring out the location of resource to be used, NIB field should be separated from TIB field in the group control signalling, since the resource location to be used is dependent on the number of bits of ‘1’s in the TIB field. All UEs who receive this control signal field must be able to differentiate with other persistent group control signalling. Also in order to insure correct operation of this scheme, UEs must be able to determine the validity of the indication field. So we propose to use a short unique group ID scrambled cyclic redundancy check added to the group scheduling related indication field. Figure 6 shows an example of the indication field just explained.
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Figure 6. Example of group control signalling field
To insure maximum compatibility of the group control signalling with the UE dedicated signalling, it may be possible to have the group control signalling field as the same size as the UE dedicated schedule grant control signalling field. The reserved field in the example of figure 6 is not reserved in the sense that it may not be used at all. Rather it is reserved so that new UEs can join into the already existing scheduling group. This is more useful if we take into account that group scheduled UEs are not scheduled at the same time and they may leave the group scheduling whenever they wish.
2.2 Group scheduling in Uplink
For the uplink group scheduling, the basic transmit schemes and needed indication field is almost the same as the downlink version of the group scheduling. But in the uplink there is no need for the eNode B to transmit an ACK/NACK to the UE. This can be done with the TIB and/or NIB fields in the group control signalling.
In figure 7, the exemplary operation of the proposed group scheduling only with TIBs in the uplink is shown assuming that data packet is transmitted with 4-TTI interlaced patterns and new data payload is generated every 12 TTI.  When the eNode B receives the corrupted data payload, it will transmit the group control signalling with TIB of ‘1’ to the corresponding UE. After receiving TIB of ‘1’, the UE knows that eNode B does not acknowledge the data payload and must retransmit using HARQ process. If the UE gets signaled TIB of ‘0’ before the new payload generation period is over, the UE knows the payload has been successively transmitted.
Just like the downlink case for the group scheduling, the uplink case can also use new payload indicator bits (NIBs) for irregular data traffics. Figure 8 shows an example when using NIBs as well as TIBs. Assume that NIB was set to ‘1’ for a certain UE. When eNode B signals the UE with TIB of ‘1’ and NIB of ‘0’, then the UE will transmit a new data payload through the uplink. If the eNode B receives a corrupted packet, it will issue TIB of ‘1’ and NIB of ‘0’. Since NIB is not toggled, the UE come to perceive that it is a cue of retransmission from Node B. The resource request field transmitted in figure 8 is not an actual resource request used in UE dedicated dynamic scheduling. It is used as a field to notify eNode B that UE has a new data payload. This resource request will only need to be 1 bit long. It can be transmitted along the periodic uplink control channel, such as CQI. There has been a contribution describing the functionality and the operation of sending an addition bit along CQI channel [9].
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Figure 7. Example of group scheduling operation in uplink with transmit indicator bit
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Figure 8. Example of group scheduling operation in uplink 
with group transmit indicator bit and new payload indicator bit
3. Conclusions

We have presented persistent group scheduling scheme for the downlink and the uplink for LTE systems. We believe that the group scheduling can fully utilize the system capacity without creating too much overhead. The group scheduling scheme is flexible enough to adapt to the different traffic types, and at the same time allows the possibility of increasing scheduled data capacity.
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