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1. Introduction

So far RAN2 discussion on scheduling in the context of carrier aggregation focused only on the dynamic scheduling. It was agreed, that Rel-8 operation is reused as much as possible on a component carrier basis, e.g. there is one independent HARQ entity per component carrier. This contribution discusses the usage of the other scheduling modes defined for Rel-8, i.e.  semi-persistent scheduling and TTI bundling, for the case that UE aggregates multiple component carriers.
2. Discussion

2.1. Semi-persistent scheduling for carrier aggregation
In Rel-8 the semi-persistent scheduling operation can be basically divided into two parts, which are referred to as SPS configuration and SPS activation/deactivation. The configuration of semi-persistent scheduling is done by RRC signalling, i.e. the periodicity of the SPS pattern and the number of HARQ processes used for DL SPS operation is configured by RRC. The activation of the SPS allocation, which includes the resource assignment and MCS setting, respectively the deactivation is done by means of PDCCH signaling. We think that these basic principles of the semi-persistent scheduling operation should be also kept in LTE-A.
Proposal1:  basic Rel-8 semi-persistent scheduling procedures like SPS configuration and activation/deactivation should be reused in LTE-A.

For Rel-8 it was decided mostly for complexity reasons, that UE can only have one active SPS allocation for each direction. Furthermore only one periodicity can be configured by RRC signalling. 
Since in LTE-A a UE can be configured to receive/transmit simultaneously data on multiple component carriers it’s possible to extend the semi-persistent scheduling operation so that a UE can have multiple active SPS patterns at a given time. By operating semi-persistent scheduling independently on a component carrier level as proposed in [1] similar to the independent HARQ operation for carrier aggregation, eNB can basically activate multiple SPS allocations, one on each aggregated component carrier. Figure 1 shows some exemplary scenario, where two SPS allocations are simultaneously active for one UE. It’s assumed that the periodicity of a SPS allocation, denoted as SPS_Interval in the figure, is configured per component carrier.                 
Figure 1: Rel-8 Semi-persistent scheduling operation is done on a component carrier level
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Even though from a procedural point of view this approach looks quite straightforward since the Rel-8 SPS procedure is reused on a component carrier level, we see some issues which should be considered.
With this approach there is basically some dependency between the number of aggregated carriers and the number of active SPS allocation. In case multiple SPS allocations are activated, UE should also aggregate multiple CCs, which might not be always desired from UE battery consumption point of view. Furthermore UEs which are power limited are typically not aggregating multiple component carriers hence for those UEs there would be no support of multiple SPS allocations.
In light of these reasons we don’t think that operating Rel-8 semi-persistent scheduling independently per component carrier should be used. Basically the support of multiple active SPS allocation can be also achieved, by allowing multiple SPS patterns in one component carrier as shown in figure 2. On the downside this would require certain changes with respect to the semi-persistent scheduling related control signaling, e.g. SPS configuration respectively activation/deactivation, compared to Rel-8. 
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Figure 2: multiple SPS allocations in one component carrier 

In our view as a first step RAN2 should discuss whether Rel-10 should support multiple active SPS allocations for one UE. It could be argued that since there is a tendency towards a user having multiple services simultaneously active, there might be also some increasing demand to efficiently support multiple services suitable for semi-persistent scheduling. Configuring multiple active SPS allocations would basically give the possibility to map each service intended for semi-persistent scheduling to one SPS allocation considering the Quality of Service requirements and packet sizes of the corresponding service. Therefore we propose that RAN2 should study the support of multiple SPS allocations for LTE-A

Proposal2:  RAN2 should study the support of multiple active SPS allocations for LTE-A.
2.2. TTI bundling for carrier aggregation
Similar to semi-persistent scheduling it needs to be also discussed whether TTI bundling is configured per UE or per component carrier. Even though different component carriers may have different uplink coverage and having a component carrier specific TTI bundling configuration respectively operation is a straightforward solution as stated in [1], we think that this approach has some drawbacks. Basically TTI bundling was introduced in Rel-8 in order to mitigate uplink coverage problems for power limited UEs. In our understanding power limitation is defined per UE rather than per component carrier, i.e. a UE is either power limited or not. Furthermore a typical eNB wouldn’t schedule a power-limited UE on multiple component carriers. Also it should be noted, that controlling by eNB on a component carrier level whether TTI bundling mode is enabled/disabled would unnecessarily increase the complexity and furthermore require more signaling overhead, e.g. RRC signaling needs to indicate component carrier for which TTI bundling is enabled/disabled. Therefore TTI bundling should be configured on a per UE basis rather than on a component carrier level.
Proposal3:  TTI bundling is configured on a per UE basis, i.e. the UE is configured for using TTI-bundling for uplink transmissions. 
3. Conclusion
This contribution discusses semi-persistent scheduling and TTI bundling in the context of carrier aggregation. It’s proposed that RAN2 agrees on the following:
Proposal1:  Basic Rel-8 semi-persistent scheduling procedures like SPS configuration and activation/deactivation should be reused for LTE-A.
 Proposal2:  RAN2 should study the support multiple active SPS allocations for LTE-A.
Proposal3:  TTI bundling is configured on a per UE basis, i.e. the UE is configured for using TTI-bundling for uplink transmissions. 
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