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1 Introduction

In RAN2#69bis meeting following decisions on UL scheduling respectively logical channel prioritization (LCP) procedure have been made:
· CC's are "just" additional resources.  UL scheduling will assume, that we do not have different QoS (delay/loss) on different CC's.

· RAN2 assumption is that also for the power limited case, all UL CC's will roughly have the same UL QoS

· Will go for a note in 36.321 indicating that is up to UE implementation whether to accumulate the uplink grants and run steps1, 2, 3 once, or apply steps 1, 2, 3 per uplink grant.

· CC ordering is left up to UE implementation

· Can be revisited if serious problems are shown

This contribution is discussing the issue on ordering of uplink grants for the case of carrier aggregation and proposes to agree on some specified order. 
2 Discussion
Even though RAN2 concluded at the last meeting that the QoS on different UL CCs will be similar and therefore the processing order of received uplink grants could be left to UE implementation, there are quite some differences between the HARQ operation for semi-persistently scheduled transmission and dynamically scheduled transmission. 
In the following we compare semi-persistently scheduled PUSCH transmission with dynamically scheduled PUSCH transmission from HARQ operation/scheduling point of view in more detail.
Semi-persistently scheduled uplink transmissions
Following observations for the scheduling of SPS resources can be made:

· Semi-persistent uplink resources can only be configured for the UL PCC. It should be noted that the channel conditions can be in general considered as stable for the UL PCC, e.g. PUCCH is transmitted on UL PCC, whereas for example in the HetNet scenario the radio conditions could be unstable on a SCC due to experiencing high interference fluctuations. 
· Dynamic adaptation of the MCS for SPS PUSCH resources is not possible for initial transmissions due to absence of PDCCH, i.e. MCS cannot be adapted according to channel state. Furthermore in order to obtain the gain of reducing PDCCH overhead by SPS, a low BLER operation point is important, since adaptive retransmissions by means of PDCCH could be avoided.
· UL PCC is also considered as the “coverage layer”. In that sense in order to avoid frequent SPS reconfigurations, when the UE is moving within the cell, the MCS/BLER for SPS PUSCH allocations on UL PCC is chosen such that QoS requirements are also met for lower geometries, i.e. user not being at the cell centre respectively applying carrier aggregation.
· It’s more difficult to control the uplink transmission power for semi-persistently scheduled PUSCH transmissions compared to dynamically allocated PUSCH transmissions as it is only controlled by TPC command over DCI format 3/3A, which again speaks in favour of choosing a low BLER operation point. 
Dynamically scheduled uplink transmissions
For dynamically scheduled uplink transmissions following observations can be made:

· Dynamic PUSCH resources can be scheduled on any UL CC. It should be noted that channel conditions on a UL SCC could be unstable for example in a HetNet scenario due to experiencing high interference
· For dynamic scheduling the channel state can be followed, i.e. MCS can be adapted to the fast fading/interference variation of the channel. Furthermore PDCCH control overhead is not critical since we talk about large Transport Blocks (TBs) for the case of carrier aggregation. Therefore dynamic PUSCH resource can be scheduled more aggressively, i.e. operated at a high BLER point. HARQ retransmissions can/should be dynamically scheduled by using incremental redundancies without sacrificing the PDCCH overhead too much.  

· PUSCH resources are more costly for services being dynamically scheduled, e.g. FTP, for the case of carrier aggregation due to the large transport block sizes. For semi-persistently scheduled uplink transmissions, e.g. VoIP, PDCCH overhead is more costly than PUSCH resources.
· For dynamic uplink transmissions the transmission power for each transmission can be controlled with an uplink PDCCH, i.e. DCI format 0. 
In light of above made observations, it can be concluded that there are significant differences between SPS and dynamically scheduled uplink transmission in terms of HARQ operation. Using the same HARQ operation point for a semi-persistent scheduled VoIP service and a dynamically scheduled best effort service is not very efficient from resource usage point of view. A consequence of operating the best effort service with the same BLER as the VoIP service would be that too much energy is in many cases sent for initial transmissions of the best effort service. This would in turn have a negative impact on the system capacity, since for carrier aggregation typically large transport blocks are scheduled.
Conclusion: SPS uplink resources are operated with a different HARQ strategy, i.e. different BLER operation point, compared to dynamically scheduled uplink resources.  
When uplink resources on UL SCC are scheduled additionally to SPS resource on UL PCC in a TTI, the data from the logical channel carrying VoIP – i.e. the type of data for which SPS was configured – may not be transmitted on the SPS PUSCH resources if the processing order of uplink grants is left to UE implementation. Due to this uncertainty and in order to be sure that the QoS requirements of the VoIP service are met, eNB may be required to operate also the dynamic uplink resource allocations with the same BLER as the SPS resource, which has some negative impact on the system capacity as described above. To avoid the problem a simple solution would be to specify the order in which UE processes the uplink grants received in a TTI during logical channel prioritization. We see following two alternatives:

· Alt1: UL grant for UL PCC is  processed before uplink grant for UL SCC during logical channel prioritisation
· Alt2: SPS UL grant is processed before dynamic uplink grant during logical channel prioritisation [1]
It should be noted that the underlying assumption here is that as in Rel-8/9 SPS allocations are not radio bearer-specific, i.e. uplink logical channel prioritisation relies only on logical channel priorities. By defining a simple processing order according to above two alternatives the same behaviour with respect to SPS grant usage as in Rel-8/9 is ensured. Already in Rel-8/9 there is some risk that the SPS resource is not used by the intended service, i.e. if an SRB occurs with a higher priority than the logical channel carrying VoIP data, it will occupy the SPS resource first. However with carrier aggregation the uncertainty about the SPS grant usage would be even increased in case the grant processing order is left to UE implementation. 
It should be noted that with Alternative 1 not only SPS grants are prioritized over dynamic allocations, but also dynamic allocations on UL PCC are processed before allocations on UL SCC. It has the effect that high priority data is always mapped to the UL PCC. On the other hand, with Alternative 1 it is required to revisit the RAN2#69bis decision. It seems that RAN1 power control behaviour for power limited operation, i.e. power scaling, is impacted by the RAN2 decision on UL CC ordering/priority. Therefore, Alt 2 seems to have less impact on the standardization schedule for carrier aggregation.
Proposal: The processing order for UL grants should be specified. It’s proposed to agree on either alternative 1 or alternative 2.
3 Conclusions
This contribution discusses aspects of the HARQ operation for semi-persistent respectively dynamically scheduled PUSCH resources and the consequences for the ordering of grants during logical channel prioritisation. It’s proposed that RAN2 agrees on the following:
Proposal: The processing order for UL grants should be specified. It’s proposed to agree on either alternative 1 or alternative 2.
· Alternative 1: UL grant for UL PCC is  processed before uplink grant for UL SCC during logical channel prioritisation

· Alternative 2: SPS UL grant is processed before dynamic uplink grant during logical channel prioritisation [1]
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