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1 Introduction
In the previous RAN2 meeting, a number of solutions have been proposed to optimise the scheduling for VoIP in LTE DL. The various mechanisms for downlink scheduling in LTE have been discussed and summarised in [1] during the email discussion. Persistent or semi-dynamic scheduling scheme is seen as necessary to reduce signalling overhead for VoIP application. The proposals can broadly be considered as 

1). Persistence in time with blind detection with no L1/L2 channels. 
2). Persistent scheduling with dynamic (per TTI) control. A group of UEs is persistently assigned with radio resources. The scheduled UEs within the group are identified based on a bit-map indicator. The bit map indicator is carried within the payload of L1/L2 control channel, which is masked with the group identity.
The flexibility to adapt to the variation of data size, data rate and radio conditions is very important to achieve a high capacity for VoIP traffic. Without the flexibility for link adaptation, persistent scheduling schemes need to be designed to handle users at the cell edge. It is shown in [2] (for UL), the capacity for a system with link adaptation is significantly larger than for a system without link adaptation. Moreover, VoIP traffic results in variation of data size due to the nature of header compression protocol and the adaptive rate codecs.

Proposal 1 could provide the flexibility to adapt to the variation of data size, data rate and radio condition by allowing the UE to hypothesize a large number of possible combinations which the UE should search in the blind detection. This increases the UE complexity and the possible delay. On the other hand, it is possible to dynamically modify the pre-configured parameters using UE specific L1/L2 control channel or in-band signalling.   
According to Proposal 2, it is possible to indicate configuration parameter such as MCS, code rate, etc in addition to the bit map in the payload of L1/L2 control channel in order to allow for some flexibility to adapt to the variation of data size, data rate or radio conditions.
Both proposals can provide some degree of flexibility to variation, however at expense of the UE complexity or L1/L2 control channel overhead.

In this contribution, we propose a persistent scheduling scheme, which would provide flexibility to adapt to variation with reduced L1/L2 control signalling and reduced UE complexity compared to Proposal 1 and 2. The scheme can be visualized as a combination of blind detection and group based scheduling approaches.
2 Proposal
For persistent scheduling, the users in a cell are grouped and each group is persistently assigned to monitor a certain sub-frame (or TTI) of a radio frame. Each group is assigned with a group identity, which is used to address the users in the group. The users are addressed using L1/L2 control channel which is masked with the group identity. 
Each group of users are sub-grouped into N number of sub-groups where N equals the number of UEs which are to be scheduled in a certain sub-frame (TTI). Only one UE from a sub-group is scheduled at a time. Hence only N number of UEs can be scheduled in a certain sub-frame (TTI). The proposed scheme assumes statistical multiplexing and the sub-group forming guarantees that there is available data to be transmitted to at least one user of the sub-group within the pre-configured sub-frame (TTI). 
Resource grants intended for sub-groups are signalled over the payload of the L1/L2 control channel. The users are addressed using the group identity. Note that no sub-group identities are assigned. The position within the payload of L1/L2 implicitly conveyed which resource grant message is intended for which sub-group. The position of resource grant belongs to each sub-group is pre-configured and this information is signalled to the UEs via L3 messages. 

The UE monitors the L1/L2 control channel in preconfigured TTIs and reads the corresponding scheduling grant located at the pre-configured position within the payload of L1/L2 control channel. According to the scheduling grant information, the UEs blindly detects if the data is intended for it. Note that the data on DL-SCH is masked with UE ID of the scheduled user.

The basic operation of the proposed scheme is illustrated in the Figure 1. The example assumes 120 UEs in a group. This is sub-divided to 4 groups where each consists of 30 users.
For example, the UE belong to the sub-group 1, reads resource grant for sub-group1 and tries to decode the data on DL-SCH using its UE ID. If successful, ACK is sent otherwise no action is taken.

In general, the resource grant includes assigned RBs, MCS, codec rate, etc. in order to reduce the size of the resource grant, the referencing scheme proposed by Ericsson in [2] can be used. 

As the configuration of the DL-SCH is known at the UE, the blind detection procedure is much simplified compared to the pure blind detection based scheme.

Compared to the bit-map based scheme, the overhead of L1/L2 control channel is reduced as it is not required to include the bit mapping within the L1/L2 control channel. According to the example given, the bit-saving equals 120 bits.

The proposal provides flexibility to adapt to the variable size voice packet transmission, per UE based code rate and per UE based link adaptation or power control without need for an additional mechanism.

Moreover, the addition of new voice user in the system is relatively easy compared to the bit map based approach. The proposed scheme could add the new user to an existing sub-group and signalled the configuration to the UE during the call setup. However, for bit-map based scheme, the resulting changes to the bit map field needs to be signalled to all the users in the group.

[image: image1]Figure 1: An illustration of operation of the proposed persistent scheduling scheme.
3 Conclusion
A persistent scheduling scheme, which provides flexibility, to adapt to various packet sizes, codec rates and channel variation with reduced L1/L2 control signalling and reduced UE complexity, is proposed. The proposal is based on combined group based and blind detection based approaches and it reduces the UE complexity and the control channel overhead compared to both blind detection approach and bit-mapped based group approach. The proposal supports following features:
· Per UE based link adaptation or power control

· Support of variable size voice packets results from header compression protocols.

· Support of adaptive codec rates

· Required no additional mechanisms to support various voice packet sizes.

· Blind detection is simplified as the bearer configuration is signalled to the UE. Reduced UE complexity.

· Reduced control signalling overhead as no bit-mapping field.

RAN2 is requested to discuss and consider the proposed scheme in selecting a persistent scheduling scheme for LTE DL.
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All the UEs in sub-group1 reads the allocated DL-SCH resources. Only the UE which is scheduled is sent ACK if the data is decoded correctly.
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DL-SCH for sub-group1, which UE is being scheduled is indicated by UE ID mask CRC: eg. UE 3 is scheduled from sub-group 1 





DL-SCH for sub-group 2
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Sub-group are associated with the location of the resource grant within the payload





All UEs in the group use the same group ID. no sub-group IDs.





Each sub-group consists of 30 UEs.





Group of 120 UEs with Group id. 
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