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1. Introduction

Last meeting, the decision is made to use notification for MBMS. Later during the meeting, some concerns on the conventional notification mechanism where M-RNTI is transmitted over the existing paging occassions have been raised especially on PDCCH resource shortage. The contribution first discusses the limitation of the conventional notification mechanism. Then it compares following 2 mechanisms in UE power consumption point of view.

· Notification at the existing paging occasions (No additional wake-up for UE, hereafter approach 1)

· Notification at an additional paging occasion  (Additional wake-up for UE, hereafter approach 2)
2. Discussion 
2.1 Implication of notification in the existing paging occassiosn.

In the conventional notification mechanism, paging indicators are set continuously until N/W is sufficiently confident that all UEs receive the notification. To provide the UEs one more chance to recieve the paging indicator, the duration should be at least two times of average paging cycle. Thus it can be modeled such that paging indicators for notification are sent for 5.12 second before the intended modification period where the notificaiton will be provided.  Obviously, it is not a good solution in N/W point of view because multiple paging indicators are sent for a single notification. Nontheless, this was not an issue in UMTS where the paging indicator is sent on a dedicated resource only used for paging indicator purpose, thus sending multiple paging indicator does not mean resource waste.
In LTE, paging indicator i.e. M-RNTI is sent over the shared resource in the control region. Thus the implication of approach 1 to the resource consumption shall be investigated in depth.
Sending M-RNTI multiple times over PDCCH could impact the system in two ways.
· Depletion of common search space
· Depletion of CCEs 
< Impact to the common search space>
As already pointed out previously, only two PDCCHs can be sent in the common search space per sub-frame. The number of PDCCHs that can be used to convey P-RNTI, RA-RNTI or M-RNTI per radio frame is [20 - 2ⅹn], where n is the number of MBSFN subframes per radio frame. The number of PDCCHs that are used to convey M-RNTI during the notification is either 1, 2 or 4 depending on NS. Thus the ratio between the PDCCHs used for M-RNTI and total PDCCHs of common search space can be calculated as followings.
The impact of notificaiton to common search space = NS / [20 - 2ⅹn]
The worst case scenario is when NS is 4 and n is 6 (i.e. 6 MBSFN subframes per radio frame). Table 1 shows the impacts.
<Table 1>
	(NS, n)
	(1,1)
	(1,2)
	(1,3)
	(1,4)
	(1,5)
	(1,6)
	(2,1)
	(2,2)
	(2,3)
	(2,4)

	Impact
	5.6%
	6.3%
	7.1%
	8.3%
	10.0%
	12.5%
	11.1%
	12.5%
	14.3%
	16.7%

	(NS, n)
	(2,3)
	(2,4)
	(2,5)
	(2,6)
	(4,1)
	(4,2)
	(4,3)
	(4,4)
	(4,5)
	(4,6)

	Impact
	14.3%
	16.7%
	20.0%
	25.0%
	22.2%
	25.0%
	28.6%
	33.3%
	40.0%
	50.0%


If the impact exists only for short period of time, it might still be acceptable . Thus one more important question is how frequently the notification might occur. For analysis, rather challenging scenario is assumed as following. The reason to refer to the challenging scenario is because the notificaiton mechanism selected for REL-9 will be used for all the future LTE (and LTE-A) releases.
[1] indicates that two MBSFN subframe per radio frame corresponds to 4 Mbps. At most 6 MBSFN subframes per radio frame could be provisioned with the aggregated data rate of 12 Mbps. 10 TV channels (each of which is 384 kbps), 10 file downloading services (each of which is 128 kbps) and 20 mode 3 services are assumed in the scenario. We further assume MCCH update interval as followings.

· TV channels : per 4 hours

· File downloading  : per 0.5 hours

· Mode 3 service : per 5 minute 
It should be noted that [1] assumes much less frequent MCCH updates for Mode 3 services. We believe the initial analysis in [2, R2-093249] is more correct. If Mode 3 service lasts for several hours, UE power consumption to periodically read MSCH would be intolerable. As a quick calculation, UE needs to be waken for 135 sec  per day (MSAP occasion is 640 msec, UE wakes 1 msec to receive MSCH). 135 seconds per day is a huge number considering that UE wakses up only for 4.8 seconds per day for dedicate paging reception.
Total number of MCCH updates during 24 hours is 6300 (= 24/4 ⅹ 10 + 24/0.5 ⅹ 10 + 24 ⅹ 60/5 ⅹ 20). In the worst case where notification periods does not overlap each other, the total amount of time when notification is on going is 32,256 seond. It corresponds to 37% of one day. It means that in the worst case only 50% of common search space is available for paging/RAR for 37% of a day.
However, it would be unlikely assumption that 6300 notifications does not overlap each other. Thus the time duration when the notification is on-going would be less than 32,256 seconds. As pointed out in the e-mail discussion summary report, one PDCCH for paging/RAR could be enough provided that RAR can be delayed a little bit. In that sense depletion of common search space wouldn’t be a serious problem.
< Impact to the CCEs>
One more thing to be considered is the impact to the normal scheduling due to extensive use of PDCCHs for notification. The number of CCEs per subframes depends on the system bandwidth and the number of symbols in the control region. Assuming one M-RNTI PDCCH occupies 4 CCEs (in 1.4 MHz or 3 MHz system) or 8 CCEs (in all the other systems), it could take up considerable part of control region to leave insufficient CCEs for unicast scheduling. 
<Table 2>
	System BW
	Number of symbols in control region
	Number of CCEs per subframe
	Overhead

	1.4 MHz
	3
	5
	80.0%

	5 MHz
	2
	13
	61.5%

	5 MHz
	3
	22
	36.4%

	10 MHz
	2
	27
	29.6%

	10 MHz
	3
	44
	18.2%

	20 MHz
	2
	55
	14.5%

	20 MHz
	3
	88
	9.09%


As seen in the table above, during the notification period, the subframes where notification is sent could severely suffer from the shortage of the CCEs especially in the system of bandwidth less than or equal to 5 MHz. 
2.2 Analysis on the power consumption.

The approach 2 is almost free from two problems analyzed in 2.1. One drawback of the approach 2 is that the power consumption is higher. Assuming 10 second’s MBMS specific paging occassion interval, UE is required to wake up one more time every 10 second in the approach 2. To see how much additional power is consumed by the approach 2, UE power consumption is analyzed in this section. 
The methodology used in [3, 083799] seems to provide good enough approximation with the acceptable simplicity. The same methodology is used in the section that UE power consumption is linear to the amount of time that the receiver is turned on. 
UE power is consumed in many different ways. In idle mode, UE power is consumed for UE specific paging reception, measurement and system information acquisition. In connected mode, UE power is consumed for PUCCH/PUCCH transmission and PDCCH/PDSCH reception. Because of the dynamicity of the time duration/UE behaviour of connected mode, only idle mode power consumption is considered here. Thus the actual power consumption should be (maybe much) higher than the numbers to be given in this section.
For UE specific paging occasions, receiver is assumed to be turned on for 4 symbols (=2/7 msec) per paging occassion. It’s because UE does not know whether the subframe contains the paging message until it decodes PDCCH. Thus UE should receive the subframe until PDCCH is decoded. 
The duration during when the reciever is on due to the UE specific paging occassions = number of UE specific paging occassions ⅹ 2/7 msec
For MBMS specific paging occasions. Receiver is turned on only for control region of the subframe. Let’s assume it is 1/7 msec.
The duration during when the receiver is on due to the MBMS specific paing occassions = number of MBMS specific paging occassions ⅹ 1/7 msec
For idle mode measurement, simplified idle mode UE behaviour is assumed as followings.

· UE evaluates the serving cell at least every DRX cycle. 

· Measurement period for the serving cell evaluation is not specified. Our assumption is that the measurement period would be 1 ~ 5 msec depending on UE implementation. In this analysis, 2 msec (excluding the paging occassions) is assumed.

· UE initiates the measurement of all neighboring cells if serving cell does not fulfill the cell selection criteria for Nserv consecutive DRX cycles.

· It is assumed that neighboring cell measurement is performed simultaneously with the serving cell measurement

· If a neighboring cell is better ranked than the serving cell, UE evaluates the cell for Treselection. If the cell remains better ranked after Treselection, UE reselects the cell.

· During Treselection, DRX is still applied. Thus no additional wake-up is required during Treselection.

From above, the duration during when the receiver is on due to the measurement can be approximated as followings.

The duration during when the receiver is on due to the idle mode meausrement = number of UE specific paging occassions ⅹ 2 msec
For system information acquisition, it is assumed that UE is waken up for 10 msec to acquire MIB and SIB 1. UE is required to acquire SIB 1 ~ SIB 7 that are multiplexed in two scheduling blocks whose schedulig window size is 20 msec. It is further assumed that  UE successfully receives a scheduling block at the middle of window. In addition, 20 msec is required for UE to synchronized to the new cell. Thus the duration during when the receiver is on due to the system information acquisition after cell reselction is approxicated as followings.
The duration during when the receiver is on due to the system information acquisition = number of cell changes ⅹ 50 msec
From above approximations on each component, the total turn-on duration out of 12 hours is calculated in the table 3. 
	　
	cell change interval (/sec)

	
	10
	100
	1000
	10000

	a) Duration for UE specific paging reception (msec)
	       4,821 
	       4,821 
	       4,821 
	       4,821 

	b) Duration for MBMS specific paging reception (msec)
	          617 
	          617 
	          617 
	          617 

	c) Duration for measurement (msec)
	     33,750 
	     33,750 
	     33,750 
	     33,750 

	d) Duration for system information acquisition (msec)
	    216,000 
	     21,600 
	       2,160 
	          216 

	Total duration for Alt 1 = a + c + d
	    254,571 
	     60,171 
	     40,731 
	     38,787 

	Total duration for Alt 2 = a + b+ c + d
	    255,188 
	     60,788 
	     41,348 
	     39,404 

	Additional wake-up duration of Alt 2
	0.24%
	1.03%
	1.51%
	1.59%


From the analysis above, one can see that the difference between alternative 1 and alternative 2 in terms of power consumption is small. Even in an extreem case where UE stays in idle mode for 12 hours without a call, without a MBMS reception while moving to other cell in average 2 hour 40 min, the difference is only 1.59%. Thus one can assume that in the real life the difference would be even smaller.
3. Conclusion
Additional power consumption from MBMS specific paging occasions seems trivial. On the other hand, PDCCH consumption is significant in the approach 1. Especially in the system narrower than 10 MHz, considerable portion of control region is consumed to for notification purpose. 
Considering above, it is proposed for RAN2 to adopt the MBMS specific notificaiton mechanism.
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Annex. Power Consumption Comparision between Alternative 1 and periodic PDCCH update.
	　
	cell change frequency (/sec)

	
	10
	100
	1000
	10000

	a) Duration for UE specific paging reception (msec)
	       4,821 
	       4,821 
	       4,821 
	       4,821 

	b) Duration for MCCH update (msec)
	       2,160 
	       2,160 
	       2,160 
	       2,160 

	c) Duration for measurement (msec)
	     33,750 
	     33,750 
	     33,750 
	     33,750 

	d) Duration for system information acquisition (msec)
	    216,000 
	     21,600 
	       2,160 
	          216 

	Total duration for Alt 1 = a + c + d
	    254,571 
	     60,171 
	     40,731 
	     38,787 

	Total duration for periodic update = a + b+ c + d
	    256,731 
	     62,331 
	     42,891 
	     40,947 

	Additional wake-up duration of periodic MCCH update
	0.85%
	3.59%
	5.30%
	5.57%


Modification period of 20 second is assumed.
