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Discussion and decision
1 Introduction

This document is used as part of the e-mail discussion aiming to progress the discussion on MBMS notification. Summaries are provided per topic and in the conclusion section, listing both the agreements reached as well as the issues requiring further discussion.
Two aspects are part of this e-mail discussion (67#33):
· Where to notify the UE (paging occasion or somewhere else) ?

· What do we want to indicate on PDCCH ?
2 Discussion
2.1 Where to notify the UE (paging occasion or somewhere else)
Two main alternatives are either to use UE specific paging occassion or to use MBMS specific paging occassion that will be evaluated in detail in the following sectoins. 

2.1.1 Evaluation of UE specific paging occassion
Table 1 captures the pros and cons of the scheme. The first list is provided and companies are invited to add/modifiy the listed pros and cons. 
<Table 2.1.1> Pros and cons of UE specific paging occassion
	Pros
	· More in line with the UMTS MBMS notification. 
· Not entirely same as UMTS. 

· In UMTS, notification is transmitted over MICH which is dedicated to MBMS notification

· In this scheme, notification is transmitted over PDCCH which is shared by other control information.

· No additional wake up for MBMS notification. 
· This leads to battery power saving. The amount of gain will be discussed in 2.1.2
· Also no additional signaling for MBSM paging occassions is required

· more flexibility for reception of MCCH notification and paging 
· The specific paging occasions where the connected UE checks for paging messages is left to UE implementation.
· If MCCH notification is done throughout a BCCH MP before next MCCH MP where the MCCH information shall be changed, the UE can check for BCCH change and MCCH change simultaneously.

	Cons
	· Control channel capacity reduction

· M-RNTI is transmitted during multiple DRX cycles at every paging occassions. One M-RNTI would likely occupy 8 CCEs. 

· In 5MHz system, 8 CCEs is 61% of all the control channel capacity (if 2 symbols in the control region) and 36 % (if 3 symbols for the control region). Thus during the notification period, control region would likely occupies more symbols. 
· UEs cannot be assigned any arbitrary set of CCEs (due to PDCCH hashing), therefore any reduction in number of CCEs increases the probability of the UE getting blocked more severely than indicated by the percentage of CCEs consumed by notification.
· Inefficient resource usage 

· Assuming default DRX cycle of 2.56 second, Ns = 2, 8CCE per M-RNTI and notification during two paging cycles, 8192 CCEs are consumed for a single notification. 

· To see how much resource it is, let’s calculate how much data can be sent in the physical resource corresonding to 8192 CCEs.

· 1 RB = 3 REGs/sysmbol * number of symbols in a data region of a subframe = 36 REGs (assuming 12 symbols are allocated for data region)

· 1 RB is corresponding to the bandwidth of 180 KHz(=12 * 15 KHz) during 1 msec. Assuming average spectral efficiency of 2.2 b/s/Hz(ITU requirement for urban macro cell), one RB carries 396 bit in average.

· 8192 CCEs = 73728 REGs (one CCE is 9 REGs) = 2048 RBs 

· 8192 CCEs corresponds to the amount of physical resource that can carry 811,008 bit.

· 8192 CCEs corresponds to the total amount of physical resource of 5MHz cell for 70 (=2048/25 * 12/14) msec. 

· Thus to indicate that MCCH is goint to be updated, whole system resource of 5MHz cell are consumed for 70 msec.Table below shows the length of time duration during when the whole systme resource should have been consumed in various scenarios. 
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· If the paging procedure is enhanced such that only part of the paging occassion is used for MBMS notification, the resource consumption will be decreased. Assuming only one paging occassion out of two is designated for MBMS notification, the resource consumption will be halved. However this requires some UEs to receive another paging occassion which is not its specific paging occassion. This will increase the battery power consumption.

· common search space shortage
· Because there are only two entries for common search space per subframe, there is a risk of common search space shortage when more than two common PDCCH are to be scheduled in the subframe.


2.1.2 Evaluation of MBMS specific paging occassion
In this approach, one additional paging occassion is required per UE so to make an additional battery drain. So the pros and cons are relatively obvious. The question is how much the cons is (i.e how much additional power is consumed in the approach). 

To progress, it is proposed for companies to work together to get the realistic value for additional power consumption for MBMS specific paging occassion scheme. As a starting point, the analysis result in [1] is proposed to be used. Following is the summary of the analysis. Companies are invited to correct the analysis/assumption to make it agreeable.

<Analysis on additional power consumption: Starting point>

· 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
· 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
· The duration during when the receiver is on due to the idle mode meausrement = number of UE specific paging occassions x 2 msec
· The duration during when the receiver is on due to the system information acquisition = number of cell changes x 50 msec
· For start-up, 0 msec or 0.5 msec is consumed for every receiver-on

· The average cell change interval is between 10 second and 10000 second. 
If we can agree on above factors, the total duration during when UE wakes up (which is linear to UE power consumption) could be easily delivered from a simple mathmatics.
Table 1 and table 2 shows the lenght of additional wake-up duration of MBMS specific paging occassion.  It is assumed that MBMS specific paging cycle is 5.12 seconds. 
<table 1>

	No start-up time
	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)
	1,234
	1,234
	1,234
	1,234

	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
	255,805
	61,405
	41,965
	40,021

	Additional wake-up duration of Alt 2 (overall) 
	0.48%
	2.05%
	3.03%
	3.18%

	Additional wake-up duration of Alt 2 (only paging)
	25.60%
	25.60%
	25.60%
	25.60%


<table 2>

	start-up time of 0.1 msec
	cell change interval (sec)

	
	10
	100
	1000
	10000

	a) Duration for UE specific paging reception (msec)
	6,509
	6,509
	6,509
	6,509

	b) Duration for MBMS specific paging reception (msec)
	2,098
	2,098
	2,098
	2,098

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

	d) Duration for system information acquisition (msec)
	218,160
	21,816
	2,182
	218

	Total duration for Alt 1 = a + c + d
	256,259
	61,859
	42,419
	40,475

	Total duration for Alt 2 = a + b+ c + d
	258,357
	63,957

	44,517

	42,573


	Additional wake-up duration of Alt 2 (overall) 
	0.82%
	3.39%
	4.95%
	5.18%

	Additional wake-up duration of Alt 2 (only paging)
	32.23%
	32.23%
	32.23%
	32.23%


As said previously, pros and cons of alternative 2 are relatively obvious that are reverse to those of alternative 1. To make it sure that all the aspects are captured, companies are invited to  add/modify the list in table 2.1.2
<Table 2.1.2> Pros and cons of MBMS specific paging occassion

	Pros
	· No (or very little) impact to the control channel capacity

· Notification does not take excessive resource

· No (or very little) impact to the common search space

· Clean separation of unicast and MBMS traffic 

	Cons
	· Additional battery drain

· According to the analysis, 0.48 %  ~ 5.18% of additonal power could be consumed when not taking the power consumption during connected state into account.
· Additional UE complexity, More specification work

· UE has to implement/schedule (de-)activation of circuit due to MBMS specific paging in addition to normal paging.

· Risk that MCCH notification collides with measurement gap, for some UEs

· Impacted reliability or PDCCH load


2.1.3 Company position and proposed way-forward

	Company
	Comments
	Position

	NSN & Nokia
	We mostly agree with the power-consumption analysis in [1], although in our view the UE’s monitoring frequency of notification is more likely a fraction of the assumed 10 seconds: we see the 10 seconds as the most viable modification period (no need to extend SFN range). 

Consequently, we think that the MBMS notification occasion in a cell could be the first MCCH subframe (if more than one subframes are indicated for the MCCH in System Information) of the MCCH with the shortest repetition period (if more than one MCCHs are indicated in System Information).

We do not support re-opening the decision between notification and periodic MCCH monitoring.
	MBMS specific

	CMCC
	-  UE specific paging occasion could be considered as an optimal solution in typical scenarios. What our understanding on typical scenarios include grouped session start, infrequent MCCH change (from tens to hundreds times per day), large bandwidth (>5MHz), at most 4 overlapping MBSFN areas in future deployment. We agree that in some cases, this solution possibly faces shortage of common search space, but it could be solved as commented in 2.1.1.

-  MBMS specific notification occasions could be considered as an suboptimal solution in typical scenarios, but it is a robust one in any cases.

-  We prefer to select the solution that is optimal in typical scenarios and can work in difficult cases, i.e. UE specific paging occasion.
	UE specific

	Samsung
	· While both schemes would work well for REL-9 in wide system bandwidth cell, the UE specific scheme restricts MBMS deployment in several ways.

· MBMS deployed in narrow bandwidth will be very inefficient because of decreased control channel capacity.
· It would be hard to introduce MBMS services requiring frequent notification. Operator should be very careful to make it sure that the overall frequencies of notification is kept in an acceptable level.

· The drawback of MBMS specific scheme seems acceptable.

· Additional signaling/UE complexity is marginal. we already have lots of MBMS specific parameters. Having one more seems not big problem.

· N/W can configure measurement gap not colliding with MBMS specific paging occassion.
	MBMS specific

	CATT
	We mostly agree with CMCC’s opinon on selecting the optimal solution in typical scenarios, i.e. UE specific paging occasion. Besides, to enhance the performace of this solution in difficult cases, there are some more concerns:
To reduce the M-RNTI’s affect on PDCCH in difficult cases, eNB can choose to transmit M-RNTI in some of the paging occasions of one MCCH modification period, and which paging occasions that will be used are informed to UE by eNB’s broadcast and/or some rules established in advance. We have a document to next meeting to discuss the details.
	UE specific

	ZTE
	We think in majority secanio UE specific ocasion is efficient, howerver, it is very hard to evaluate on which kind of subframe occasion to transmit MBMS notificaiton. We want to provide a compromised solution from the altenative solutions.

We propose that MBMS notification transmission on which kind of subframes is indicated on BCCH message, i.e. if the indication IE is present in BCCH then MBMS notification is transmitted on MBMS specif subframe; else, on UE spefic subframe.

It provides a probable for eNB to select an available method on MBMS notification occasion in different scenario. If an operator always like to deploy MBMS service on broad bandwidth which means that MBMS notification on UE specific paging occasion is always fine and always benefit for UE power saving, because the lack of common search space never exists and will never be worried about. Meanwhile, this method also allows MBMS notification to transmit on MBMS specific paging occasion if an operator will deploy MBMS service on 5MHz system.
	Either UE sepcific or MBMS specific is used in different conditions.

	Motorola
	Our main concern is the impact on unicast traffic because of the additional load on PDCCH during unicast sub-frames. We have seen PDCCH to be a significant bottleneck, especially given the PDCCH hashing constraints, for VoIP-kind of traffic. So we would prefer to have MBMS-specific paging occasion
	MBMS-specific

	Ericsson & ST Ericsson
	as expressed previously in (ST-)Ericssons paper presented last meeting, and also based on Samsungs analysis, we prefer to make it possible to use MBMS-specific occasion for the notification. In case the group cannot reach a clear consensus, we would need more time to consider ZTE's proposal to make it possible to use one or the other based on some indication in the MBMS SIB
	MBMS-specific

	Qualcomm
	Under the assumption of some common configuration parameters (2 paging subframes per radio frame, 2.56 s paging cycle, and services starting every 30 seconds), the load is very small, e.g. for 10 MHz it is 0.15% and 0.31% for 4CCE and 8CCE aggregation, respectively. The impact to the PDSCH scheduling and throughput is not significant. If congestion of common search space occurs in some cases, there are existing solutions. Using the existing UE specific paging occasions for MBMS notification provides all the benefits listed in 2.1.1. Therefore, we support the approach where the UE specific paging occasion is used for the notification. 
	UE-specific

	Hitachi
	If we use UE specific paging occasion for MBMS notification, we see significant amount of PDCCH resources are consumed, as in Samsung’s analysis. In order to suppress the impact on unicast transmission, we think we should save the room in PDCCH for other usage than MBMS. Thus we prefer MBMS specific paging occasion.
	MBMS specific


2.2 What do we want to indicate on PDCCH
Before getting into the issue, the first question would be which DCI format should be used for notification. Because of the similarity between notification and paging, DCI formats for P-RNTI, DCI 1A and 1C, would be a natural choice. Table 2.2 summarizes DCI format 1A and 1C. 
<table 2.2>

	
	DCI 1A
	DCI 1C

	Components
	· Format 0/1A flag : 1 b

· Localized/Distributed flag : 1b

· RB assignment : variable size

· MCS : 5 b

· HARQ process id : 3b

· NDI : 1 b

· RV : 2 b

· TPC command for PUCCH : 2 b

· Zero padding : variable size
	· Gap value: 0 or 1b

· RB assignment : variable size

· TB size : 5b

	Total size
	5 MHz
	25b
	12b

	
	10 MHz
	27b
	13b

	
	20 MHz
	28b
	15b


It is proposed to discuss the DCI format for notification and fill up each companies position in table 2.2-1 below
<table 2.2-1> Company position on DCI format for notification
	Company
	Preference

	Samsung
	DCI 1C

Don’t see any reason to use heavier DCI format.

	Nokia & NSN
	DCI 1C

	CMCC
	Agree with Samsung to use DCI 1C

	Huawei
	DCI 1C – no agreed payload, so pick the smallest DCI 

	CATT
	DCI 1C

	ZTE
	DCI- 1A  More bits are benefit to provide both MCCHs and smaller MBMS group granularity

	Motorola
	Agree with the use of DCI format 1C

	Ericsson & ST Ericsson
	DCI 1C

	Qualcomm
	DCI format 1C

	Hitachi
	DCI format 1C – We see no reason to choose the larger one.


Regarding the contents of the notification, obviously the baseline approach is to not include any additional information. M-RNTI itself tells that MCCH is going to be updated. Then the information bit carried in the DCI will be simply ignored. If sufficient motivation is provided, including additional information could be considered. In this case DCI would have different structure depending on the type of RNTI. At the moment, the candidate information to be included in the notification are listed below.
1. MCCH of which MBSFN area is changed (i.e. MBSFN area id)
2. MCCH for Which MBMS service group is changed (i.e. MBMS group id)
3. When the new MCCH will be scheduled (i.e. scheduling info)
4. Value tag

5. Cause

Table 2.2-2 is to capture the potential benefit of each information and company position.
<table 2.2-2> Candidates for notification contents

	
	
	Comments
	Position

	MBSFN area id
	Samsung
	· If there is more than one MBSFN area, it might be helpful. 

· However considering that the frequency of notification is low and that additional burden is 1 msec wake-up, we are not convinced that it is necessary information.  
	· Not needed

	
	Nokia&NSN
	- Considering that the average frequency of notification may be 1/13.7s [1], this would be helpful when there is more than one MBSFN area.

- Instead of MBSFN area id, this could also be signalled as a reference, such as bitmap, to the list of MCCHs given in System Information (feasible because both SI and the notification are cell-specific signalling). A bitmap would allow notifying about the change of more than one MCCHs at once.
	- Useful

	
	CMCC
	At least 8 bits available in DCI format 1C could be used to indicate which MCCH has changed. It is efficient to keep UE from reading all MCCHs.
	Needed

	
	Huawei
	· If this is not signalled, each notification will trigger the UE to read all MCCHs (all areas). If there are serveral areas which change rather frequently, the UE will spend significant battery updating MCCHs that have not changed.
· In [z] we propose to represent the areas with the 8-bit bitmap available in 1C. When a bit is set, the corresponding MCCH changed. When all-zeros, the MBMS SIB changed. The latter avoids using BCCH change notification if only the MBMS SIB changes


	Nice to have 

	
	LG
	· Unless the UE knows the mapping between MBMS service ID and MBSFN ID, MBSFN information over M-RNTI is less useful than MBMS Service ID.

· Because multiple services are multiplexed in one MBSFN area, false alarm rate is high.
	Not needed

	
	CATT
	Agreed with CMCC, it is needed.
	Needed

	
	ZTE
	MBMS notification content should firstly indicate the changed MCCH and then indicate the changed MBMS service group.
	Needed

	
	Ericsson & ST Ericsson
	
	Needed

	
	Qualcomm
	The bits in the notification message can be utilized to indicate which MCCH (corresponding to a certain MBSFN area) has changed. This allows a UE to read only modified MCCH and not all MCCHs.
	Needed

	
	Hitachi
	This is useful if there are multiple MBSFN areas. 
	Useful

	
	Motorola
	
	Useful

	MBMS group id
	Samsung
	· One can avoid to read MCCH unnecessarily for not interested services.

· Considering that the frequency of notificaiton is low and that additional burden is 1 msec wake-up, we are not convinced that it is necessary information.
	· Not needed

	
	Nokia&NSN
	
	- Not needed

	
	CMCC
	· It is difficult to ensure that the available bits are enough to distinguish all the service groups.
Service grouping brings additional complexity
	Not needed

	
	Huawei
	
	Not needed

	
	LG
	· Depending on the size of available bits over M-RNTI, MBMS service ID itself can be transmitted instead of MBMS Group ID.

UE monitors MCCH only when the notified service over M-RNTI matches UE’s joined MBMS service. Thus, false alarm does not occur, increasing UE battery performance.
	Needed

	
	ZTE
	· In long time of Rel9, the PDCCH bit sapce can be used to indicate MBMS group because of one MCCH.
	Needed

	
	CATT
	
	Not needed

	
	Ericsson & ST Ericsson
	
	Not needed

	
	Qualcomm
	MBSFN area id is a better use.
	Not needed

	
	Hitachi
	We are not sure this is necesarry, when considering the frequency of notification is not so high.
	Not needed

	
	Motorola
	Need to understand how this grouping will work. 
	Not needed

	Scheduling info
	Samsung
	· This information also seems to aim at battery power saving. 

· The existing scheduling information (e.g. MCCH info) seems to be enough. 
	· Not needed

	
	Nokia&NSN
	
	- Not needed

	
	CMCC
	
	Not needed

	
	Huawei
	
	Not needed

	
	LG
	Due to the modification period, UE knows when update information is available over MCCH.
	Not needed

	
	ZTE
	
	Not needed

	
	Motorola
	Agree with LG’s view that the UE knows that it needs to read MCCH at the next modification period boundary
	Not needed

	
	Ericsson & ST Ericsson
	
	Not needed

	
	Qualcomm
	
	Not needed

	
	Hitachi
	
	Not needed

	
	CATT
	
	Not needed

	Value tag
	Samsung
	· This information also seems to aim at battery power saving by not reading the MCCH repeatedly. 

· The gain would be at most 1 msec reduction per notification which seems not significant
	· Not needed

	
	Nokia&NSN
	
	- Not needed

	
	CMCC
	We wonder if the intention is to let UE receiving MBMS service to check the value tag without reading MCCH periodically. If so, we think this is not needed based on current agreement.
	Not needed

	
	Huawei
	
	Not needed

	
	LG
	Due to the modification period, UE knows when update information is available over MCCH. Value tags seems not bring gain.
	Not needed

	
	Motorola
	We agree that it’s not needed, especially if MBSFN area id is included
	Not needed

	
	ZTE
	
	Not needed

	
	Ericsson & ST Ericsson
	
	Not needed

	
	Qualcomm
	
	Not needed

	
	Hitachi
	
	Not needed

	
	CATT
	
	Not needed

	Cause
	Samsung
	· The use case of the information seems not clear.
	· should be discussed with the clear use case

	
	Nokia&NSN
	
	- should be discussed with the clear use case

	
	CMCC
	It has been agreed that notification is only used for session start. We don’t see any other cause that needs to be indicated in PDCCH
	Not needed

	
	Huawei
	
	Not needed

	
	LG
	Same opinion as Samsung
	should be discussed with the clear use case

	
	ZTE
	
	Not needed

	
	Motorola
	Agree with Samsung’s view
	Not needed

	
	Ericsson
	
	Not needed

	
	Qualcomm & ST Ericsson
	
	Not needed

	
	Hitachi
	Agree with Samsung.
	Not needed

	
	CATT
	
	Not needed


3 Conclusion & recommendation

On ‘where to notify the UE’, 9 companies expressed opinion.

· 5 companies support MBMS specific paging occassions

· 3 companies support UE specific paging occassions

· 1 compnay propose to support both schemes and to indicate used scheme in the system information.

Given that the issue has discussed intensively for long time and that not much time left until the REL-9 completion date, the first priority is to make decision this meeting. It should be noted that both schemes would work.
Proposed way-forward : based on the outcome/analysis of the e-mail discussion, it is proposed to discuss the issue to make a quick decision. 
On ‘DCI format to use’, 10 companies expressed opinion.
· 9 companies support DCI 1C

· 1 company support DCI 1A
Given that relatively large majority want one direction, it is proposed to make an working assumption based on that.

Proposed way-forward : It is proposed to make an working assumption that DCI 1C is used for MBMS notification. 

On the contents of the MBMS notification, table below summarizes company positions and proposed way-forward

	
	Company position
	Proposed way-forward

	MBSFN area id
	9 companies support

2 companies do not support
	To make an working assumption that MBSFN area id is carried in notification

	MBMS group id
	2 companies support

9 companies do not support
	To make an working assumption that MBMS group id is not carried in notification

	Scheduling info
	10 companies do not support
	To make an working assumption that scheduling info is not carried in notification

	Value tag
	11 companies do not support
	To make an working assumption that value tag is not carried in notification

	Cause
	8 companies do not support

3 companies think it is a bit premature to discuss
	To make an working assumption that Cause is not carried in notification




W,r,t cause it should be noted that the exact use case has not been identified yet so it should be allowed to revisit the issue in the future meeting if companies feel it is very important information. However it is proposed to make an working assumption that it is not supported at the moment.
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	Section
	Company
	Comments

	2.1.1
	CMCC
	Comments on Pros: 

One more pros of this solution is that no additional signalling for MBMS notification period is needed, as UE checks MBMS notification according to its paging occasions

Comments on Cons:

1、 The caculation on resource usage still seems wrong. Assuming default DRX cycle of 2.56 second, Ns = 2 and 8CCE per M-RNTI, the total number of CCE should be 4096, instead of 8192. Correspondingly, all the following results should be halved, and whole system resource of 5MHz cell is consumed for 35msec.

2、 In order to give a reasonable evaluation of resource usage, we should not only focus on one special example. Besides 5MHz, LTE MBMS is very likely to be deployed in larger bandwidth, such as 10MHz and 20MHz. As the increase of system bandwidth, the radio resource occupation by MCCH notification will be reduced further. Furthermore, one M-RNTI can also aggregate 4 CCEs, and in this way total amout of system resource of 5MHz cell is consumed about 17 msec. 

3、 We cannot agree with the argument on inefficient resource usage, since similar mechanism is also used for change of system information. When change of system information occurs, network also notifies the UEs on all the paging occasions throughout a modification period. 

4、 For the common search space shortage, as we have commented in the last meeting, anway we can find solutions if collision does occur, for example:

- by means of aggregating 4 CCEs, there would be four entries for common space per subframe

- postpone transmission of e.g. RAR or SI to the subsequent subframes within the transmission window.


	2.1.1
	LGE
	On common search space shortage

However, if common search space shortage is a real problem to tackle, there is an effective solution [2].

On Inefficient resource usage 

On the other hand, if Ns  is not increased, this seems not be a problem because this resource will not anyway be used for transmission of unicast data. I.e., this is PDCCH resource, not PDSCH resource.

	2.1.2
	LGE
	When a UE is required to monitor PDCCH at a certain TTI, the UE has to warm up its circuit a little bit before the TTI. I.e., even if the UE needs to look PDCCH for two symbols period, the real wake-up time of the UE is more than that. Also, due to the decoding, the timing when real turn-off is done is a little bit later after the end of PDCCH. Thus, depending on implementation, the duration when the receiver is on is more than 2/7 or 1/7 msec. How much addition time may be different.
Our preference is not to include idle mode measurement and system information acquisition into this calculation. Because we are discussing additional wake-up in addition to monitoring of a normal unicast paging, it seems better to only consider paging related aspect in this calculation.
For example, we can find analogy in SIB update paging or unicast paging. Can we say that cell-common paging occasion for these notification is more useful than UE-specific paging occasion,  just because a UE anyway performs idle mode measurement and system information acquisition? To be consistent comparison, other UE operation than paging operation may be better not to be considered in the metric.

	2.1.1
	Huawei
	It seems beneficial to repeat that with this approach, the MCCH notification may be done throughout one or more default paging cycles depending on the reliability needs. Generally the MCCH MP would be larger than the default paging cycle. Hence, it is not necessary for the eNB to send the MCCH notification throughout  the MCCH MP.

	2.1
	CMCC
	Our general opinion on these two alternatives are as follows:

-  UE specific paging occasion could be considered as an optimal solution in typical scenarios. What our understanding on typical scenarios include grouped session start, infrequent MCCH change (from tens to hundreds times per day), large bandwidth (>5MHz), at most 4 overlapping MBSFN areas in future deployment. We agree that in some cases, this solution possibly faces shortage of common search space, but it could be solved as commented in 2.1.1.

-  MBMS specific notification occasions could be considered as an suboptimal solution in typical scenarios, but it is a robust one in any cases.
-  We prefer to select the solution that is optimal in typical scenarios and can work in difficult cases, i.e. UE specific paging occasion.



	2.1.1
	CATT
	On control channel capacity reduction

We recommend to calculate the control channel capacity of all the subframes in one MCCH modification period, not only in one subframe. Because all these subframes can be used in the period of MBMS notification, and flexible scheduling of eNB can conquer this cons to some extend.
It is commented back by samsung that one subframe base is more useful because the scheduling is per subframe. We have PDCCH/PDSCH per subframe, meaning that we have to schedule all the PDSCH resources with the given PDCCH of a subframe. Thus if MBMS notification takes considerable part of the PDCCH capacity of a subframe, the reduced PDCCH capacity would restrict the unicast scheduling. This cannot be mitigated by PDCCH capacity of other subframes.
This calculation is based on the assumption that all the paging subframes in one MCCH modification period will be used for notification. However, for the difficult cases, it is not necessary. eNB can choose to pick up some specific paging subframes for notification in these case. On the other hand, this resource is PDCCH resource, not PDSCH resource, even there is no M-RNTI, it will not be used for transmission of unicast data.
On common search space
As the scheduling of RNTI(s) are controlled by eNB, there are many methods to resolve this problem, as mentioned by CMCC. So this is more like an implement issue.

	2.1.2
	CATT
	To gurantee the robustness of notification, there should be at least two times of notification received by UE in one MCCH modification period. So the results of additional wake-up duration of Alt 2 in table 1 and table 2 should be doubled.
It is commented back by the samsung that UE is already assumed to wake up every MBMS paging occassions so there is no need to double the result.

	2.1.2
	Motorola
	Clean separation of unicast and MBMS traffic is possible by making the new MBMS-specific paging occasion coincide with MBSFN sub-frames
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