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1 Introduction

At the last WG2 meetings the use of MBMS notification within eMBMS was discussed. Although considerations related to the UE energy consumption have been briefly mentioned, the focus has however mainly been on the service requirement issue.. This contribution looks further into the advantages of MBMS notification over periodic MCCH monitoring in terms of relative UE energy consumption considering different alternatives for the realisation of notification.
2 Discussion
2.1 Requirements on MCCH change
[1] describes different service modes and related requirements. The requirements of these service modes are summarized in Table 1. In general, they differ in their session lengths and frequencies of MCCH change, but they all have in common that the UE is required to receive the changed MCCH information with a low delay, which is supposed to be in the order of seconds. Consequently, this also requires that the MCCH transmission period must be in the same order, being restricted to a maximum of 30 seconds. However, goal replay should not exceed a delay of 10 seconds. Therefore, we assume a MCCH transmission period of 20.48 seconds for calculations which achieves an average delay of 10.24 seconds, but to reach a maximum delay of 10 seconds, the MCCH transmission period must be even shorter. Since the UE perception delay is coupled with the delay of MCCH change, we will in the following only refer to the delay of MCCH change.
	
	MCCH modification interval
(session duration)
	MCCH change frequency

(change of MTCH content)
	Delay of MCCH change / UE perception delay

	Service mode 1
(streaming media)
	high 

(few hours)
	very low 
(e.g. several hours)
	low 

(in the order of seconds)

	Service mode 2
(file download)
	low

(seconds or minutes)
	rather low
(e.g. 1/2 to 1 hour)
	

	Service mode 3
(news ticker)
	low 

(seconds or minutes)
	relatively high 
(e.g. 5 min to 1/2 hour)
	


Table 1. Requirements on MCCH change based on [1].
2.2 MCCH reception options
Due to the high requirements on the delay of MCCH change, the transmission periodicity as well as the reception of MCCH information has to be in the same order. As discussed in [2], there are three options for the UE to read the MCCH information:
1) Periodic MCCH reception

The MBMS UE periodically reads the MCCH. No notification is supported to perform DRX.
2) MBMS specific notification on PDCCH using M-RNTI

This mechanism is depicted in Figure 1a). In addition to regular unicast paging, the MBMS UE has to additionally wake up at every MBMS specific DRX cycle to read the PDCCH. As soon as it finds the M-RNTI, it will read the changes on MCCH. This only affects UEs receiving MBMS. 
If the MBMS-specific DRX cycle is configured as a multiple of the paging DRX cycle using the same offset, the MBMS UE would be able to monitor both M-RNTI and P-RNTI within the same sub-frame, thus requiring no extra power for reception.
3) Notification within paging message on PDSCH after reading P-RNTI on PDCCH

As illustrated in Figure 1b), the MBMS UE has to wake up at every paging DRX cycle to monitor the P-RNTI. When it finds the P-RNTI, it reads the paging message on PDSCH. The pointers to the paging message are only illustrated for paging messages related to MBMS. As shown in Figure 1, non-MBMS UEs also have to read this MBMS specific paging message before turning back to DRX mode. 
Since it is assumed that the paging message does not provide further information on the MBMS service, all MBMS UEs have to read the MCCH even if there is no changes related to its service of interest.
In both options 2) and 3), the UE will also read MBMS messages that do not concern its service of interest.
Since the “1-bit notification” on the first two MBSFN symbols is not further described in [3] but is FFS, it would in our understanding result in a similar mechanism as option 2) or 3). Thus, this mechanism is not taken into further consideration.

[image: image1]
Figure 1. Notification options 2) and 3).
2.3 UE energy consumption

In this section, we calculate the energy consumption for reading MBMS control information using the options described in Section 2.2 and compare the results. As a reference, we calculate the UE energy consumption when receiving different MBMS services as defined in [1] without considering reception of control information. 
For convenience, it is assumed that the energy consumption linearly depends on the accumulated time that the receiver is turned on. Furthermore, it is assumed that the PDCCH is transmitted on the first 2 OFDM symbols within a normal sub-frame, which consists of 14 OFDM symbols. Consequently, the receiver is turned on for approximately 1/7 ms only. For the reception of the paging message on PDSCH as well as the MCCH, the receiver is on for one sub-frame corresponding to 1 ms. For the calculations, periodic MCCH reception and MBMS notification are both set to 20 seconds, while actual change of MCCH caused by any service is assumed to change only every 5 minutes. 
Reference values:

As defined in [4], the default paging cycle can be configured as 320 ms, 640 ms, 1280 ms, 2560 ms. Assuming the largest value of 2.56 seconds, there are 60 ∙ 60 ∙ 12 ( 2.56 = 16875 paging occasions within 12 hours, resulting in an accumulated reception time of 16.875 ( 7 s = 2.4 s.
For general use, the UE must also regularly read BCCH, and do measurements and reports for handover issues. “The UE shall measure the RSRP level of the serving cell […] at least every DRX cycle“ [5]. Thus, the UE would consume additional power for non-MBMS services, which is not covered in this contribution.
For a whole day assuming 12 hours Table 2 compares the accumulated reception time of the three MCCH reception options as described in Section 2.2. First, the three options are opposed to each other. Second, they are compared with energy needs for unicast paging. Third, the reception durations are compared with a 10 second session of service mode 3. 
For option 2), two scenarios are considered. In case 1, the MBMS UE has to wake up for monitoring M-RNTI additional to monitoring of P-RNTI (A). In case 2, paging occasion of P-RNTI and M-RNTI overlap, thus requiring no additional power for paging (A=0). 
	
	Option 1
Periodic MCCH reception
	Option 2
M-RNTI
	Option 3
P-RNTI +

 paging message

	Notification on PDCCH
(1/7 ms)
	---
	every 20 seconds

2160 occasions
A = 0.309 s
	no additional paging necessary

	Paging message reception 

(1/7 ms,)
	---
	---
	every 5 minutes
144 occasions

0.144 X J

	MCCH reception

(1 ms) 
	every 20 seconds

3 ∙ 60 ∙ 12 occasions
2.160 s
	every 5 minutes

12 ∙ 12 = 144 occasions

B = 0.144 s
	every 5 minutes

144 occasions

0.144 s

	Sum
	2.160 s (100 %)

	A+B = 0.453 s (21.0 %) 
B = 0.144 s (6.7 %)
	0.288 s (13.3 %)

	Ratio to unicast paging
DRX cycle = 2.56 s
DRX cycle = 1.28 s
	90 % 
45 %
	18.9 % (A+B) /  6 % (B)

9.4 % (A+B) / 3 % (B)
	12 %

6 %

	Ratio to one single session, type 3 
(10 seconds, K = 50 % → 5 s, Table 3)
	43.2 %
	A+B = 9.1 %
B = 2.9 %
	5.8 %


Table 2. Energy consumption for MCCH reception and eventually notification, based on a 12-hour day. 

Compared to periodic MCCH monitoring, notification on PDCCH using a new M-RNTI requires only 21 % of the energy if the M-RNTI has to be read in a different sub-frame than P-RNTI, otherwise only 7 %. In contrast, option 3) requires 13 % of the energy. 
Compared to regular paging with a DRX cycle of 2.56 s, periodic MCCH reception requires 90 % additional energy, for option 2) 6 % or 19 % respectively, and for option 3) 12 %. The impact would be even smaller for shorter DRX periods and if we considered other control signaling on BCCH as well as UE measurements. 
When considering that the MBMS UE consumes data, the relative energy consumption becomes less important. The last row gives some hint about control signaling of 12 hours compared to a service consumption of only 10 seconds. The energy consumption for periodic MCCH reading reduces weight with increasing numbers of sessions per day or session durations, thus the resource savings of a notification mechanism would reduce.
In order to get some feeling about energy consumption in terms of MBMS data reception, we give some examples in Table 3. 

	
	Assumptions on change frequency
	Acc. reception duration per session
activity = 50 %
	Acc. reption duration per day (12 hours)

activity = 50 %

	Service mode 1
(streaming media)
	every 3 hours
	30 min per session

900 s
	4 sessions

3600 s

	Service mode 2
(file download)
	every 45 minutes
	3 min per session

108 s
	16 sessions
1728 s

	Service mode 3
(news ticker)
	every 15 minutes
	10 seconds per session

5 s
	≈ 50 sessions

300 s


Table 3. Service assumptions and energy consumption based on a 12 hours day. 

The first column summarizes the assumptions on the change frequency of the MBMS content, the derived number of sessions per day and the session duration. The reception only takes into account 12 hours of the day, neglecting service consumption at night. The second column provides the energy consumption per session. The last column provides information about the reception duration for a whole day. 
3 Conclusion

This contribution investigated the UE energy consumption for different MCCH reception mechanisms. 
The advantages and disadvantages of the MCCH reception options are summarized in the following list:
1) Periodic MCCH reception

· No notification mechanism needed

· No differentiation between MBMS UEs with inactive or ongoing sessions needed

· Increases UE energy consumption (90 % vs. unicast paging)

2) MBMS specific notification on PDCCH using M-RNTI

· Energy efficient (7 or 21 % vs. option 1), 6 or 19 % vs. unicast paging)

· Use of MBMS specific DRX cycle

· M-RNTI has to be introduced, but requires only a minor standardization impact
· Monitoring of M-RNTI in addition to P-RNTI, but could be aligned such that UE wakes up to monitor both RNTI types at the same time instance
3) Notification within paging message on PDSCH after reading P-RNTI on PDCCH

· Energy efficient (13 % vs. option 1), 12 % vs. unicast paging)

· Use of existing P-RNTI and predefined DRX cycle

· Low MCCH reading delay due to relatively short DRX cycles

·  Paging message requires reception of whole sub-frame

· Negative impact on non-MBMS UEs

Compared with periodic MCCH monitoring, notification mechanisms require significantly less energy.  Neglecting other factors impacting battery consumption, periodic MCCH monitoring with short intervals of 20 seconds only requires 90 % more energy compared to unicast paging, while only 6-20 % have to be offered for notification. 
Option 2) should be used in order to avoid that non-MBMS UEs have to wake up regularly for the reception of MBMS specific paging messages. The introduction of a new RNTI only has a small standardization impact and saves UE battery power. The energy consumption could be further optimized by aligning MBMS specific with unicast paging.
Proposal: If we decide for a notification mechanism, introduce new M-RNTI for notification (option 2).
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a) Option 2: MBMS specific notification.





b) Option 3: Notification in paging message.
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