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Discussion/Decision
1 Introduction

DRX has been one of the hottest topics in carrier aggregation. After submission/resubmission of contributions from many companies, three main candidates are on the table at the moment. The contribution discusses pros and cons of each candidate. It is further proposed to make a stage-2 decision based on the analysis.
2 Discussion
Table 1 below summarizes three candidates proposed so far. 
<Table 1>
	
	

	Common DRX
	· A common DRX configuration is applied for all DL CCs.
· 1 ⅹ [On-duration timer, short/long DRX cycle, inactivity timer], nⅹmⅹHARQ retransmission timer
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	CC specific DRX
	· DRX configuratio is per DL CC. DRX operation is per DL CC.

· n ⅹ [On-duration timer, short/long DRX cycle, inactivity timer], nⅹm ⅹ HARQ retransmission timer
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	Anchor carrier based DRX
	· A DRX configuration is applied to an anchor carrier.
· An event in the anchor carrier impacts the DRX operation in non-anchor carriers. 
· Details are not clear yet. In the essence anchor carrier based DRX could be characterized as a scheme with complete set of DRX configurations for the anchor carriers and incomplete set of DRX configurations for other CCs. One example is shown below.
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· Non-anchor carriers stayes in non-active time until scheduling command is received in the anchor carrier. Once in active time, inactivity timer per non-anchor carrier could be started
· 1 ⅹ [On-duration timer, short/long DRX cycle], nⅹinactivity timer, nⅹm ⅹ HARQ retransmission timer

	· n : average number of HARQ process concurrently used per carrier 

· m : average number of CCs concurrently configured (or activated) 


Even though many companies propose the anchor-carrier based approach, the benefit of the approach is not clear. One can argue that it is a trade-off between common DRX and CC specific DRX in terms of e.g. number of required timers. We think the complexity in terms of number of timers is not a big issue given following factors. 
· The number of concurrent active carriers is at most 5. The average number will be lower than that.

· The processing power of LTE-A UE will be significantly higher than LTE UE to deal with as high as 1 Gbps data rate.

· Thus having couple of more timers seems not a big deal.

For the anchor carrier based approach, we see some drawbacks;

· Concept of anchor carrier/non-anchor carrier would need to be introduced;

· For it to be efficient, more precise control is required w.r.t which CC to be turned on and off. In our understanding, it is not the number of concurrent CCs but the number of concurrent transceivers that affects UE battery. Thus a simple collective on/off would be not enough.

· Anchor carrier is a single point of failure. 

· In algorithm point of view, it is more complex than the others. 
· It will requires more standardization effort than the others.
The common DRX approach would be the straightforward solution with the minimal standard impact. One may argue that it is too inefficient in a sence that UE wouldn’t be scheduled at all for long time but UE regularly turns on/off CCs. In our understanding, the most likely scenario is that network activate CCs only when needed (e.g. when the amount of pending downlink traffic or uplink traffic is huge). In other words, the number of activated CCs would stay low if there is low traffic and it would be high only when there is enough traffic. With this in mind, we believe the inefficiency of the common DRX approach wouldn’t be severe. 
The CC specific DRX approach is an another starightforward solution in a sense that carrier aggregation is basically a set of multiple carriers that are independent each other. One drawback is that it requires more timers than the other solutions. However, it seems not an big issue as indicated previously because the processing power of LTE-A UE will be significantly increased. It becoms more obvious when we consider lots of timers are concurrently running in the upper layer (i.e. PDCP SDU discard timers, RLC related timers..).
Table 2 summarize the pros and cons of each solution.
<Table 2>

	
	Pros
	Cons

	Common DRX
	· Simple in algorithm

· one set of DRX parameters
	· DRX inefficiency

	CC specific DRX
	· Simple in algorithm

· DRX efficiency
	· multiple set of DRX parameters

	Anchor carrier based DRX
	· smaller set of DRX parameters

· DRX efficiency (in case of indiviual CC on/off)
	· Complex in algorithm

· More standardization work

· Single point of failure


In our view, introducing anchor carrier based DRX scheme can not be justified unless significant benefit is identified. We slightly prefer the simplest solution which is common DRX. However the second approach is also acceptable.
3 Conclusion & recommendation

With the analysis on the candidate schemes, it is proposed to not consider the DRX scheme where the complete set of DRX configurations for a CC and incomplete set of DRX configurations for other CCs are used. If the first proposal is agreeable, it is further proposed to go for the common DRX scheme. The other schemes could be discussed in the future if good enough motivation is provided.
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