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1 Introduction
At RAN2#66bis it has been agreed to introduce a new M-RNTI for MCCH notification on PDCCH. It has not been agreed yet whether the UE will receive the notification during its existing paging occasions or if a new MBMS specific wake-up time will be defined for all UEs. This contribution extends [1] and discusses the impact of notification regarding battery consumption from a UE perspective, as well as PDCCH common search space and PDCCH capacity from a network perspective.
2 Discussion

Since it has been agreed that the notification is transmitted on Physical Downlink Shared Channel (PDCCH), we will first take a look at its format as well as its usage.
2.1 Physical Downlink Control Channel (PDCCH)
2.1.1 PDCCH formats [2]
The PDCCH carries scheduling assignments and other control information. It is transmitted on control channel elements (CCEs), each consisting of nine resource element groups (one RE group = four QPSK symbols). Depending on the control region (number of OFDM symbols reserved for control signalling, ranging from 1-3) and the number of supported PHICH groups, the maximum number of available CCEs that can be used for PDCCH is listed in Table 1. The PDCCH supports multiple formats, which are expressed as the aggregation level or number of CCEs, to provide different levels of robustness. One downlink control information (DCI) message is transmitted using one PDCCH each. 

	Bandwidth [MHz]
	1.4
	3
	5
	10
	15
	20

	Maximum # CCEs
	6*
	12
	21
	43
	65
	87


Table 1: Maximum number of available CCEs (PDCCH capacity).

* For a bandwidth of 1.4 MHz, the control region can be configured to be 4.
2.1.2 PDCCH search spaces
In order to restrict the number of blind decodings, there are two types of search spaces for PDCCH transmission, the UE specific and the common search space as indicated in Table 2. The number of PDCCH candidates provides information on how many different CCE locations are monitored by the UEs for either search space. On these CCE locations, the UE performs blind decodings to find DCI messages.
The UE specific search space is defined individually for each UE and is used to transmit scheduling information for the uplink and downlink to individual UEs. Generally, unicast UEs can only be scheduled at non-MBSFN subframes.

The common search space is identical for all UEs and is used for paging (P-RNTI), random access response (RA-RNTI), and addressing of system information messages (SI-RNTI) [3]. As agreed in the last RAN#2 meeting, a new MBMS specific RNTI, the M-RNTI will be introduced. 
Due to the limited number of search spaces, there is a relatively high blocking probability such that scheduling information to a specific UE has to be deferred to the next subframe, even if the PDCCH capacity has not been reached yet and even without having regular transmissions in the common search space. Some specific UEs cannot be scheduled simultaneously because their UE specific search spaces overlap on PDCCH, i.e. the CCE locations may partly be the same. With signaling on common search space, which generally requires 8 CCEs, the blocking probability will be even higher.
	Type
	PDCCH format
	Aggregation level (number of CCEs) 
	Number of PDCCH candidates
	Purpose / content

	UE-specific
	0
	1
	6
	Scheduling information to individual UEs 

(C-RNTI)

	
	1
	2
	6
	

	
	2
	4
	2
	

	
	3
	8
	2
	

	Common
	2
	4
	4
	P-RNTI, RA-RNTI, SI-RNTI, M-RNTI

	
	3
	8
	2
	


Table 2: PDCCH candidates monitored by a UE [2], [3].
For MCCH notification it is also assumed that it will be transmitted on 8 CCEs. Transmission of other control information in the common search space at the same time instance would significantly reduce scheduling capacity. Therefore, there must be a trade-off between transmission of common signaling or scheduling information depending on the system load. In general, we can assume that it is more favorable to have only one DCI message in common search space to leave sufficient room for scheduling assignments. 
For a bandwidth of only 1.4 MHz, the number of available CCEs is only 6. Therefore, a lower aggregation level has to be used for MCCH notification. Reliability for the reception of MCCH notification will then require repetition. For bandwidths lower than 5 MHz, only one DCI message using PDCCH format 3 would be possible, such that the other DCI message has to be delayed in case of coincidence. In the following, we discuss the characteristics of DCI messages that are transmitted in the common search space.
P-RNTI: Depending on the number of paging subframes Ns=1,2,4 the subframes {9}, {4, 9} or {0, 4, 5, 9}, respectively, are used for paging. Although paging could be pushed to the next paging occasion, we should keep in mind the paging delay requirements. With short paging cycles this may have a minor impact, but the delay may not be acceptable for UEs with longer paging cycles. Furthermore, paging is also used for notification of ETWS, which is time-critical and SI changes, which must be notified within the modification period (MP). The SI MP can be as short as the lowest default paging cycle x 2.
RA-RNTI: RARs must be transmitted within the RA window, which can be configured between 2 and 10 ms [1]. If the RA window is 2 ms and should be transmitted in subframes #4 and #5, but the number of paging subframes is Ns=4 and thus includes these subframes, then the RAR cannot be deferred. So in the worst case, it should be considered that the RAR cannot simply be delayed.
SI-RNTI: Scheduling of SIB1 is fixed in subframe#5 for SFN mod 2 = 0. SI scheduling information can only be transmitted in non-MBSFN subframes, which includes at least subframes {0, 4, 5, 9}, which is the same subset configurable for paging. Other SI messages cannot be transmitted in the same subframe as SIB1. The SI-window is up to 40 ms, which is significantly smaller than a paging cycle.
M-RNTI: Can be pushed to the next occasion within the MCCH modification period.
2.1.3 PDCCH usage for SI scheduling

Assuming that six subframes are used for MBSFN, subframes {0, 4, 5, 9} are non-MBSFN subframes. The parameters for SI-1 are fixed. SI period for SI-1 is 80 ms, and the number of transmissions is 4 within the SI period, resulting in a SI-1 transmission period of 20 ms. The parameters for the other SI messages are configurable. In the following example, we calculate the PDCCH usage for SI scheduling in these subframes with typical SI periods as assumed in Table 3. In 15.6 % of these subframes there is SI message transmission. Note that for all SI messages other than SI-1, we assumed only one single transmission within the SI period. However, depending on the bandwidth, amount of information and cell deployment, there will be message repetitions within the SI window, such that the PDCCH usage would be even higher.
For narrow bandwidths, it should be expected that SI message repetitions are configured. Consequently, the remaining PDCCH capacity is further reduced. Another impact of message repetition within the SI window is the increased difficulty to push the SI message to the next available subframe.
	
	SI period
	Number of transmissions in SI period
	Occasions in 20 s

(Notification interval)

	SI-1 (SIB1)
	80 ms
	4
	1000

	SI-2 (SIB2)
	160 ms
	1
	125

	SI-3
	320 ms
	1
	62.5

	SI-4, SI-5
	640 ms
	1
	31.25 x 2 = 62.5

	“PDCCH usage” in subframes {0, 4, 5, 9}

( 8000 occasions in 20 s
	15.6 % of all available occasions
(not in terms of CCE usage)


Table 3: PDCCH usage for SI scheduling.
The PDCCH capacity will be further reduced due to paging and RARs. We do not provide any numerical examples here on the PDCCH capacity reduction due to paging and RARs because the reduction depends on their respective load, which is determined by the rate of connection setups and cell updates.
2.2 MCCH notification 
2.2.1 Notification occasions
With regard to the time domain, there are two methods that have been discussed at the last RAN2 meeting to transmit MCCH notification on PDCCH using M-RNTI. Both have an impact either on battery consumption or PDCCH usage. In the following, we describe the two methods’ characteristics and also discuss their main advantages and disadvantages.
Option 1) Notification coincides with paging occasions
Notification is transmitted in Ns=1,2,4 paging subframes with subframe numbers {9}, {4, 9} or {0, 4, 5, 9}, which are non-MBSFN subframes. The notification message must be sent to all paging groups within the paging cycle.
· UE perspective: battery savings 
· Impact on unicast traffic: reduction in scheduling capacity within whole paging period (ranging from 320 ms to 2.56 s) ( restriction in PDSCH / PUSCH usage ( critical for real-time services with tight delay requirements such as VoIP
· Coincidence probability with SI scheduling will be high for Ns = 4. With less paging subframes there is an overlap as well.
· If SI changes are notified using paging (which will also block all paging occasions for a whole paging cycle), one of the notifications has to be pushed to the next paging period.

· In case of coincidences with P-RNTI, the M-RNTI can be pushed to the next paging occasion within the MCCH modification period, but this implies that some paging groups are not notified within the same paging period.
Option 2) Notification at MBMS specific occasions with additional UE wake-up times
· Network perspective: optimized PDCCH usage. Only one transmission for same notification rather than N transmissions, where N = Tpaging ∙ Ns
· Notification can be flexibly configured to be transmitted in any subframe, including paging subframes. But there is no need to choose any specific one.
· Notification can be transmitted in MBSFN subframes, mitigating the PDCCH capacity problem in non-MBSFN subframes. This avoids coincidences with other RNTIs using the common search space, but avoiding non-MBSFN subframes for MCCH notification is specifically important for unicast performance.
2.2.2 PDCCH usage by MCCH notification at paging occasions

In contrast to calculations performed in [4], we consider the number of MCCH notifications in non-MBSFN subframes, assuming six MBSFN subframes to obtain the coincidence probability. During the notification period, the notification would be transmitted in either be 25 %, 50 %, or 100 % of the non-MBSFN subframes, depending on the number of paging subframes, which is Ns=1,2,4. 
2.3 UE energy consumption

In this section, we calculate the energy consumption for reading MBMS control information including notification + MCCH reception. MCCH notification is either transmitted aligned with the UE specific paging occasions (option 1) or at additional MBMS specific paging occasions (option 2). We compare the energy consumption needed to additionally wake-up at MBMS specific occasions with that to detect paging for notification considering the highest and the lowest paging cycle. As two OFDM symbols seem not to provide sufficient CCEs in paging subframes as discussed in Section 2.1, we assume three OFDM symbols for control signaling. The control region is dynamically configurable by PCFICH and depends on the PDCCH load. In order to relieve the load on PDCCH in non-MBSFN subframes, the MBMS specific notification occasions would be configured such that they are transmitted in MBSFN subframes. Since there is no control signaling for unicast traffic and SI message transmission within MBSFN subframes, we could even assume a smaller control region within MBSFN subframes and thus a shorter reception time for MCCH notification.
Finally, as summarized in the shaded row in Table 4, the additional battery consumption for MBMS specific notification occasions compared to monitoring of M-RNTI at paging occasions and MCCH reception is 12.3 % considering a paging cycle of 2.56 s, but is only 1.6 % if the lowest paging cycle is used. Note that we did not consider any battery consumption for the reception of system information and for UE measurements. Thus, the additional battery consumption that would actually be needed for additional wake-up times would be even less.
	
	Option 1

MCCH notification

@ paging occasion
	Option 2

MCCH notification

@ additional occasion

	Paging on PDCCH

(3/14 ms)
	every 2.56 seconds ( 16875 occasions ( 3.616 s
every 0.32 seconds ( 13500 occasions ( 28.929 s

	MCCH notification on PDCCH

(3/14 ms)
	---


	every 20 seconds

2160 occasions

0.463 s

	MCCH reception

(1 ms) 


	every 5 minutes

12 ∙ 12 = 144 occasions

0.144 s
	every 5 minutes

144 occasions

0.144 s

	Sum

Paging cycle = 2.56 s

Paging cycle = 0.32 s
	3.76 s 

29.073 s 
	4.223 s ( + 12.3 %)

29.536 s ( + 1.6 %)

	Reception of 30 s 

MBMS data non-stop
	33.76 s 

59.073 s 
	34.223 s (+ 1.4 %)

59.536 s (+ 0.8 %)


Table 4: UE energy consumption for MCCH reception and eventually notification in 12 hour period.

Apart from control signaling detection for MBMS, the reception of MBMS data also consumes battery power. In Table 4 we also consider a case where the receiver is cumulatively turned on for 30 s. The actual MBMS data reception could be spread over the day. With this reference, the notification at MBMS specific occasions would only require up to 1.4 % additional energy consumption. 

3 Conclusion

This contribution investigates the impact of MCCH notification on PDCCH common search space and capacity vs. UE energy consumption. 
Transmission of notification at UE specific paging cycles is not uncritical because paging and SI messages as well as scheduling information for unicast can only be transmitted in non-MBSFN subframes. So the coincidence probability of MCCH notification and other control information such as SI scheduling during MCCH notification periods is rather high. Coincidences should be avoided in order to reserve PDCCH capacity for unicast scheduling. 
Introducing a new MBMS specific notification occasion in MBSFN subframes completely avoids the coincidence problems with other control information at the cost of reasonably increased UE energy consumption. Minimizing the impact on PDCCH and thus the whole system performance has higher priority than some energy savings for MBMS UEs. Therefore, we propose additional wake-up times at MBMS specific notification occasions in MBSFN subframes.
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