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1 Introduction

At the RAN2#66bis meeting, it was agreed to have MCCH modification period and introduce notification mechanism for MCCH change. Whether the notification is sent in existing paging occasions or MBMS specific occasions is still FFS [1]. Before RAN2#67bis meeting, an email discussion has been made to address this issue. No matter which mechanism is adopted finally, how to guarantee the reliability of notification needs to be specified since both mechanisms use PDCCH with M-RNTI to deliver notification. In this contribution, we try to discuss the detailed UE’s behaviours of receiving notification. 
2 Discussion
In order to guarantee reliable reception of MCCH notification, before MCCH modification boundary, eNB is required to transmit notification several times so that UE could have multiple opportunities to check the presence/absence of M-RNTI. Therefore, one issue needs to be specified is the minimal number of times that UE should attempt to find MCCH notification during a MCCP MP. Current two alternatives use different locations to notify UE, i.e. paging occasions and MBMS specific occasions, however, the similar reliability of notification should be achieved. The detailed parameters and UE behavior will be discussed in the following sections for these two alternatives, respectively.
2.1 Reliability of notification sent on UE specific paging occasions 
According to LTE system information change procedure, UEs verifies that stored system information remains valid by attempting to find the systemInfoModification indication at least modificationPeriodCoeff times during the modification period in case no paging is received, in every modification period [2]. The modificationPeriodCoeff is configurable to the values of 2, 4, 8, and 16, and BCCH modification period is expressed as modificationPeriodCoeff * defaultPagingCycle. Since both P-RNTI and M-RNTI are carried by PDCCH, it is natural that similar reliability of notification for both BCCH and MCCH change are required.  
However, a problem raised here is that defaultPagingCycle is a cell specific parameter, while MCCH MP would be common within the MBSFN area. It is unlikely and seems unnecessary to define an aligned number of checking MCCH change notification throughout the MBSFN area. Considering that the maximum possible value of defaultPagingCycle is 2.56s and at least finding MCCH notification for 2 times is necessary as that specifed for BCCH change notification, reasonable values for MCCH MP could be 5.12s and 10.24s. Based on this, if paging occasions are used to send MCCH change notifciation, we may have two options to define the behavior of UEs receiving MCCH notification as follows.
Option 1-1: UEs in both RRC_IDLE and RRC_CONNECTED shall attempt to find the MCCH change notification at least (MCCH MP/ defaultPagingCycle) times during the MCCH MP in case no M-RNTI is detected

For this option, since connected mode UE could select any paging occasion during a MCCH MP to find notification, eNB should transmit PDCCH with M-RNTI, if any, in all the paging occasions throughout the MCCH MP. If MCCH MP is less than BCCH MP (e.g. MCCH MP=5.12s, BCCH MP=10.24s), the reliability of notification reception for MCCH change is less than that for BCCH change.
Option 1-2: UEs in both RRC_IDLE and RRC_CONNECTED shall attempt to find the MCCH change notification at least modificationPeriodCoeff (used for BCCH change notification) times during the BCCH MP in case no M-RNTI is detected.
Next, we will analyze the effect of this option in the following three conditions:
a) MCCH MP=BCCH MP
In this case, option 1-1 and option 1-2 are totally same.

b) MCCH MP<BCCH MP

In this case, eNB should transmit PDCCH with M-RNTI in all the paging occasions throughout the BCCH MP and the same reliability of notification reception for both MCCH and BCCH change could be achieved. However, the PDCCHs with M-RNTI have to be transmitted two times more than option 1-1. Furthermore, it is likely that some UEs receive the notification after the MCCH modification boundary, i.e. MCCH has been changed, which may result in potential missing of service data and other errors. Therefore, we think this condition should be avoided and one simple way is to fix MCCH MP as 10.24s in the specification.
c) MCCH MP>BCCH MP

In this condition, eNB could have freedom to not sending M-RNTI in some paging cycles. Three examples of sending MCCH notification are illustrated in Figure 1. 
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Figure 1 Transmission of PDCCH with M-RNTI

In Figure 1, MCCH MP is equal to 2*BCCH MP and BCCH MP consists of 4 default paging cycles. In case A, MCCH notification is sent in non-consecutive defaultPagingCycles. In case B, MCCH notification is sent in consecutive defaultPagingCycles within two adjacent BCCH MPs. In case C, MCCH notification is sent in consecutive default paging cycles within one BCCH MP. 

Both case A and B should be avoided, since for connected mode UEs, it is possible that notification will be partially or totally missed if the UE monitors paging occasions where M-RNTI is not sent.. However, case C is a reasonable option to reduce PDCCH load due to MCCH notification while ensuring the reliable reception.We think the difference between these two options mainly lies when MCCH MP is not equal to BCCH MP. Considering typical values of MCCH and BCCH MP (e.g. 5.12, 10.24s), the case of MCCH and BCCH MP having different values is very limited. Therefore, we do not see much difference between these two options and it is proposed RAN2 to select one of them if we decide to use existing paging occasions to send notification.
Proposal 1a: If we decide to use paging occasions to notify UE, it is asked RAN2 to select one of the option 1-1 and 1-2 as the behavior of UEs to receive MCCH notification.
Proposal 1b: If option 1-1 is adopted, MCCH MP should be configurable to the values 5.12 and 10.24s. If option 1-2 is adopted, MCCH MP should be specified as 10.24s only.
2.2 Reliability of notification sent on MBMS specific occasions
If MBMS specific occasions is agreed to send MCCH change notification, new parameters like period, radio frame offset the and detailed subframe position of sending notification need to be defined. These parameters could be broadcasted by BCCH or MCCH, or specified in standard without additional signalling to indicate. For example, as proposed in email discussion 67#33, the MBMS notification occasion in a cell could be the first MCCH subframe of the MCCH with the shortest repetition period (if more than one MCCHs are indicated in system information). 
As mentioned above, for this approach, N MBMS specific occasions are needed to ensure that UEs have multiple opportunities to receive notification. In order to guarantee the similar reliability of notification reception as approach of paging occasions, we think N could be a configurable parameters with the values 2, 4, 8, 16, or a fixed one no less than 2. Two options are proposed to send notification with multiple MBMS specific occasions.
Option 2-1:Using the transmission window including N consecutive subframes or MBSFN subframes
For this option, the eNB starts to notify UEs from a predefined MBMS specific location and lasts N consecutive subframes or MBSFN subframes as shown in Figure 2. The period of the notification window can be equal to the MCCH modification period. In order to avoid the impact of additional PDCCH load to unicast subframe, we prefer the window only contains the consecutive MBSFN subframes.
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Figure2 The transmission window for sending notification
UE is required to continuously decode the PDCCHs with M-RNTI in the window in case no notification is detected.
Option 2-2:Using periodical MBMS specific occasions
For this option, period of MBMS specific occasions could be 1/N of MCCH modification period. As discussed in option 2-1, the MBMS specific occasions could be either unicast or MBSFN subframes, but MBSFN subframes are preferred. Compared with option 2-1, periodical transmission could further improve the reliability of notification due to the effect of time diversity. An illustration of option 2-2 is shown in Figure 3.
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                                         Figure 3 Periodical transmission of notification

If we go for MBMS specific occasions for MCCH change notification, we have slight preference on option 2-2. No matter which option is adopted, we have the following proposal:

Proposal 2a: If we decide to use MBMS specific occasions to notify UE, UEs in both RRC_IDLE and RRC_CONNECTED shall attempt to find the MCCH change notification on MBMS specific occasions N times during the MCCH MP in case no M-RNTI is detected.
Proposal 2b: N could be configurable to the values of 2, 4, 8, 16, or fixed to a value no less than 2.
3 Conclusion
In this contribution, the following proposals are given:
Proposal 1a: If we decide to use paging occasions to notify UE, it is asked RAN2 to select one of the option 1-1 and 1-2 as the behavior of UEs to receive MCCH notification.
Proposal 1b: If option 1-1 is adopted, MCCH MP should be configurable to the values 5.12 and 10.24s. If option 1-2 is adopted, MCCH MP should be specified as 10.24s only.
Proposal 2a: If we decide to use MBMS specific occasions to notify UE, UEs in both RRC_IDLE and RRC_CONNECTED shall attempt to find the MCCH change notification on MBMS specific occasions N times during the MCCH MP in case no M-RNTI is detected.

Proposal 2b: N could be configurable to the values of 2, 4, 8, 16, or fixed to a value no less than 2.
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