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1
Introduction
It was agreed to use E-UTRAN R8/9 as baseline for DRX functionality in LTE-A CA, and knowning from the DRX baseline that there is a link between the DRX and HARQ, we would like to address a few open issues concerning the current decisions on DRX when looking at UE power consumption. 

2
Baseline for LTE-A CA and DRX
Following we list some of the current functionality and agreements which impacts on DRX functionality and UE power consumption for LTE-A CA.

From latest stage 2 draft for LTE-A [7] it is possible to find following agreements on DRX:
-
In CA, whenever a UE is configured with only one CC, Rel-8/9 DRX applies.

-
In other cases, the same DRX operation applies to all configured and activated CCs (i.e. identical active time for PDCCH monitoring).

-
When in active time, any CC may always schedule PDSCH on any other configured and activated CC (further restrictions FFS).

-
To enable reasonable UE battery consumption when CA is configured, a CC activation/deactivation mechanism is introduced.

-
a downlink CC is not active, the UE does not need to receive the corresponding PDCCH or PDSCH, nor is it required to perform CQI measurements.

-
Conversely, when a downlink CC is active, the UE shall receive PDSCH and PDCCH (if present), and is expected to be able to perform CQI measurements.

-
In the uplink however, a UE is always required to be able to transmit on PUSCH on any configured uplink CC when scheduled on the corresponding PDCCH (i.e. there is no explicit activation of uplink CCs).
Besides this it has been agreed for HARQ operations that:

-
In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC;
-
In both uplink and downlink, there is one independent hybrid-ARQ entity per CC and at most one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) per TTI per CC. Each transport block and its potential HARQ retransmissions are mapped to a single CC.
Rel-8/9 DRX baseline states in Active time:
-
When a DRX cycle is configured, the Active Time includes the time while:
-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or
-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).
Looking at these agreements and current Rel-8/9 functionality we would like to clarify the understanding of a couple of points with impact on UE power consumption and implementation.
3
On the understanding of the Active Time
We would like to clarify the current understanding of the UE behaviour when it comes to:

1. In other cases, the same DRX operation applies to all configured and activated CCs (i.e. identical active time for PDCCH monitoring).

And look at the impact of the different ways this statement can be interpreted.
3.1
Active time on one CC means Active on all CCs
If rule 1 above means that active time as defined in Rel-8/9 is to be applied to all active CCs when active time is applied to at least one single active CC, it would mean that active time would be applied to all CCs e.g. due to HARQ re-transmission on another CC. This is illustrated in figure 1 where blue indicates on-duration, green is where UE is scheduled, purple is re-transmission, yellow is inactivity timer and red is forced active time on CC due to active time on another CC.
[image: image1.wmf]Nack

CC1

CC2


Figure 1: Active time on one CC means active time on all CCs
Looking at the decision concerning HARQ rules applied for CA which states that there is one independent HARQ process per CC, it does not seem logical to require the active time to be applied on all CCs in general as it would mean that due to retransmission on a CC UE would need to listen on all active CCs. So applying rule 1 in general would mean that a HARQ re-transmission on one CC would impact the PDCCH monitoring of other CCs which are anyway independent from a HARQ process point of view. Having this sort of inter-CC HARQ dependency is likely to cause increased UE power consumption impact and is also likely to increase complexity in UE implementation as activity on a CC (possibly on separate RF) would cause relation/activitiy on other CCs as well. This would require quite complex interaction between different MAC/L1 entities.
3.2
Active time timer is identical
Rule 1 above could also mean that the on-duration times are identical on all active CCs and the rules for applying active time on each CC are identical, but as the HARQ entities are independent also then the DRX seems to be separate due to existing REL8 HARQ/DRX coupling. This would mean that the definition of active time is the same as in Rel-8/9 and applied in similar manner, but active time (except on-duration)  is applied independently on each CC similarly to HARQ – i.e. each CC would have own independent active time. This is illustrated in figure 2 where blue indicates on-duration, green is where UE is scheduled, purple is re-transmission, yellow is inactivity timer.
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Figure 2: Active time timer is identical
Applying the active time independently on each active CC means that e.g. a HARQ re-transmission on one CC would not impact the active time on other active CCs. This approach would keep the HARQ functionality independent between the different active CCs which would be in line with the agreement on HARQ operation in CA. Additionally it would likely increase the power saving possibilities on UE side while decreasing the UE implementation complexity as there would not be a dependency between PDCCH monitoring on one CC and HARQ operation on another CC. 
Looking a bit more detailed on the UE power consumption impact of above interpretation, we can use the example of having two active CCs in non-contiguous band and assumed being handled by two separate RF chains in UE. Using the simplified approach that having two RF chains active compared to only one RF chain would approximately double the UE power consumption we can conclude that there is a potential for some significant UE power saving possibilities by applying this approach.

Additionally this behaviour can be seen as being well in line with the current R8/9 DRX behaviour where the on-duration is used as a common UE-eNB synchronisation point in time, at which the UE can be ‘reached’ for scheduling. When scheduled the UE stays active by activation of inactivity timer. If the eNB would like the UE to be active on both CCs then the eNB simply schedules the UE during the on-duration on both CCs. If this is not needed the eNB just leaves out scheduling the UE one a CC. If UE is not scheduled during the on-duration a given CC then it may enter DRX on that CC.

3.3
On DRX Parameters in general
When looking at the general behaviour for LTE-A CA and DRX we would additionally like to confirm our understanding that as a baseline only one set of DRX parameters per UE is configured. These parameters are then applied on all CCs. This would mean that as a baseline each CC has same values utilized for short/long DRX (i.e. no offsetting in long/short DRX occasions between CCs) as well as for onDurationTimer. Also drx-InActivityTimer setting would be same for all CCs but the timer would be running independently on each CC to enable good power efficiency.

For contiguous CA case we believe that the on-durations on each CC should be synchronised in time. This would allow the UE to get full benefit from the power saving potentials given by the DRX scheme as only one RF chain might be utilised in UE.
4
Conclusion
In this contribution we have looked at the current agreements on DRX and HARQ operation related to Carrier Aggregation. We have looked at the detailed impact on how the rules could be read and the difference between the operation and the impact on UE implementation complexity and UE power consumption.

Based on the discussion we propose to clarify the currently agreed text in such a way that the applied active time on one CC is independent from HARQ operations on other CCs. Additionally as a baseline it would be good to limit different options by just signalling one set of DRX parameters that are applied on all CCs. This would mean that each CC has same values utilized for short/long DRX (i.e. no offsetting in long/short DRX occasions between CCs) as well as for onDurationTimer. Also drx-InActivityTimer setting would be same for all CCs but the timer would be running independently on each CC to enable good power efficiency. 
Proposal: Only one set of DRX parameters common for all CCs are sent to UE. Each CC has separate independently running drx-InActivityTimer and drx-RetransmissionTimer. 
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