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1 Introduction
DTX/DRX is a feature that enables UE to save power significantly. At previous meetings multiple discussions took place about the applicability of DRX in conjunction with multi-flow operation [1-3]. As pointed out in [1], the UL DTX can be applied without much challenge and no change of the spec is needed.  However the DRX with multiflow needs more consideration, especially for the inter-NodeB cases. This contribution gives further analysis on this aspect and suggests a way forward. 
2 Discussion
Similar to multi-carrier operation, multipoint HSDPA operation consists of the UE receiving HS-DSCH over multiple cells.  The increase in number of cells in the UE has a direct impact on power consumption.   Therefore it becomes increasingly important to consider how DRX can be used in conjunction with multiflow operation, in order to allow the UE to have battery savings opportunities.
2.1 Multi-carrier HSDPA DRX operation 

Given the similarities of multi-carrier to multipoint HSDPA, it is import to understand how DRX was implemented in MC-HSPDA and how those concepts can be applied to MP-HSDPA.  In MC-HSPDA the following agreements and DRX operation were agreed:

1. A common DRX status is applied across all carriers

a. Activation/deactivation status is the same across all carriers

b. The HS-SCCH reception opportunities are aligned across carriers

i. If an HS-SCCH or HS-DPSCH is received on any of the carriers the UE remains active and monitors the HS-SCCH of all carriers for Inactivity_Threshold_for_UE_DRX_cycle period.  
2. HS-SCCH DRX orders, used to activate/deactivate DRX can be sent on either carrier but are applied to both carriers

On the network side, the DRX status and scheduling opportunities can also be aligned and common due to the fact that the cells are co-located in the same Node B.  Therefore, if an HS-SCCH is sent over one carrier, the other cell in the same Node B is aware that the UE will become active on both carriers for Inactivity_Threshold_for_UE_DRX_cycle period and may therefore use these opportunities to schedule the UE. 
2.2 Intra-site multi-flow DRX operation

Intra-site MP-HSDPA is similar to MC-HSDPA as the cells are located in the same Node B.  Therefore, DRX can be easily introduced for intra-site MP-HSDPA using the same DRX rules and common DRX state as MS-HSDPA.

Proposal 1:  Introduce DRX for intra-site MP-HSDPA 
2.3 Inter-site multi-flow DRX operation 

Unlike MC-HSDPA the main challenge with inter-site multi-flow operation lies in the fact the cells are not co-located in the same Node B; therefore tight coordination between the two cells becomes increasingly difficult.  
In order to maintain UE complexity at a minimum it would be preferable that the DRX rules and common status principles remain the same as for MC-HSDPA.   The one challenge with a common DRX status is the fact that the HS-SCCH monitoring depends on the HS-SCCH activity on any of the configured cell and on the DRX cycle.  The DRX cycle and duration can be easily coordinated.  

However, since the cells are located in different Node Bs, it is difficult or impossible for the two cells to coordinate HS-SCCH activities and be aware of these scheduling opportunities in the UE on fast TTI basis.  
More specifically, if one Node B schedules the UE on the HS-SCCH the UE will be active for Inactivity_Threshold_for_UE_DRX_cycle and will be monitoring both cells. However the second Node B is not aware of this activity and therefore will not be able to use these periods to schedule the UE, as it will assume that the UE is inactive.  While this is not optimal from a network scheduling point of view we don’t think it is critical enough to warrant a change in DRX behaviour in the UE or a complex network solution that requires fast coordination between cells.  The most important aspect in this scenario is the fact that the UE will be able to have idle opportunities for battery savings purposes and there will be no risk of data loss.  Indeed, in the absence of scheduling information from the other site, each site will follow DRX rules independently and will not transmit data to the UE until the next scheduling opportunity according to each respective DRX cycle.  

Proposal 2:  Allow DRX for inter-site operation 

Proposal 3:  A common state DRX is used in the UE with the same concepts/rules as MC-HSDPA for all multiflow scenarios. 
One important aspect to consider for inter-site operation is the fact that the DRX activation/deactivation status has to be aligned across the sites; information has to be exchanged between these two NodeBs to guarantee that the status is aligned.  The case where the DRX is deactivated (e.g. the NodeB orders the UE to go to continuous reception) is not time critical as even if the second site is notified after the UE is moved to continuous reception, there will no data loss as the second site will just transmit during the scheduling opportunities.   
The time sensitivity of the DRX status alignment is more important for the case where the DRX state is activated (e.g. UE is ordered to initiate discontinuous reception).  For that case, if the UE is notified/ordered to activate DRX before the other site is aware data loss may occur as the other site is not aware that the UE has moved to discontinuous reception.  Therefore, it is important to consider that the other site has to be notified to activate DRX before or at the same time as the UE is notified.

As long as mechanisms to coordinate activation/deactivation status across Node Bs are available, the DRX HS-SCCH orders can be transmitted from any of the cells.  

Proposal 4:  Agree that DRX activation status has to be coordinated across sites and ask RAN3 if this can be achieved.
2.4 Additional considerations on DRX 
One additional consideration on DRX is the fact that the transmission timing between downlink cells is not aligned.   This is not only true for cells that belong to different NodeBs, but also for cells belonging to the same NodeB; to avoid SCH collision between sectors in the same NodeB, different Tcell parameter may be configured.  Thus in general, the downlink sub-frames between serving cells are not necessarily exactly aligned.  Furthermore, for inter-site multiflow operation, the misalignment may also be caused by different clock sources being used between NodeBs (e.g. clock drifting).
As result, the UE may observe misaligned DRX reception patterns from each cell, as shown for example in Figure 1.
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Figure 1
Such misaligned DRX reception pattern results in inefficient DRX.  This is further exacerbated when the timing difference is large or potentially time-varying due to network clock drift (e.g. the patterns can then move further apart as time evolves).  Clearly coordination between two cells is needed for efficient DRX. 
Fortunately, such coordination is already being discussed in RAN1 for the purpose of ACK/NACK feedback alignment and is referred to sub-frame pairing.  The sub-frame pairing discussed in RAN1 [4]

 REF _Ref310935578 \r \h 
[5]

 REF _Ref310929568 \r \h 
[6] could also be used to pair the reception sub-frames in the DRX operation as well, resolving the misalignment issue.   
Given a sub-frame pairing rule, the UE and network know the downlink sub-frames association from both the serving and the assisting serving cell.  The UE can then determine  the  DRX reception pattern to the  serving cell in a conventional way, i.e.,  by the current RAN1 formula
((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) MOD UE_DRX cycle) = 0
and derive the DRX pattern for the assistive cell  implicitly from the sub-frame pairing relation as shown in figure 2.
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Figure 2: example of DRX HS-SCCH monitoring with sub-frame pairing
The DRX scheduling opportunities need to be properly determined at the assistive serving cell.  Since the CFN of the HS-DSCH serving cell is not the same as the assisting cell or not known by the assisting cell  the DRX pattern used for transmission needs be determined differently since it is calculated according to its own frame numbering parameters (e.g. S_DRX or CFN_DRX):
((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX+T_offset ) MOD UE_DRX cycle) = 0
where T_offset is a new parameter introduced to account for the TX timing difference to the primary serving cell.  This parameter may be derived  semi-dynamically based on the sub-frame pairing rule (it does not need to be signalled).  We note that this pairing in practice should already be known by the assisting serving cell for proper ACK/NACK detection. 
We also observe that to ensure that both the serving and assisting serving cell use the coordinated  DRX pattern, the assisting serving cell also needs to know the DRX parameters (such as UE_DTX_DRX_Ofsset and UE_DRX cycle).
Finally, we note that while it would also be possible to use a different solution for the handling of the DRX patterns across cells, is seems that the proposed approach to use the existing sub-frame pairing (provided it is agreed in RAN1) would be straightforward.  Unless significant benefits can be seen from using a different approach, we should use existing functionality to reduce complexity.
Proposal 5:  The same sub-frame pairing for ACK/NACK feedback is used to define the HS-SCCH reception pattern.  
3 Conclusion

This contribution discussed DRX of the multiflow operation.  The following proposals were made:

Proposal 1:  Introduce DRX for intra-site MP-HSDPA 

Proposal 2:  Allow DRX for inter-site operation 

Proposal 3:  A common state DRX is used in the UE with the same concepts/rules as MC-HSDPA for all multiflow scenarios. 

Proposal 4:  Agree that DRX activation status has to be coordinated across sites and ask RAN3 if this can be achieved.
Proposal 5:  Sub-frame pairing for ACK/NACK feedback is used to define the HS-SCCH reception pattern.  
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