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1. Introduction
In RAN2#67 meeting, the impact of M-RNTI on PDCCH was discussed [1]. Some documents worried about the PDCCH capacity’s reduction caused by M-RNTI [2] [3]. However, as the scenarios mentioned in these documents were not typical, there was no consensus in the meeting and an e-mail discussion after the meeting was made. This document gives some further analysis about the impact of M-RNTI on PDCCH for more typical scenarios, and provides some methods to resolve the problems caused by M-RNIT for the extreme cases.
2. Discussion 
2.1. Impact of M-RNTI on PDCCH for typical cases
From the perspective of MBMS features, the typical scenarios of MBMS deployment can be assumed as followings:
1) System bandwidth is more than 5MHz;

As MBMS services always occupy plenty of resources for data transmissions, it is a risk to deploy MBMS in the cells with bandwidth less than or equal to 5MHz. So it is assumed that the typical system bandwidth for MBMS is more than 5MHz (i.e. 10MHz, 15MHz or 20MHz).
2) M-RNTI occupies 4 CCEs;
The number of available CCEs is dependent on the system bandwidth, and the maximum number of available CCEs that can be used for PDCCH of different bandwidths is listed in Table 1. 
	Bandwidth (MHz)
	1.4
	3
	5
	10
	15
	20

	Maximum No. of 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.
As mentioned above, the typical system bandwidth for MBMS is 10MHz, 15MHz or 20MHz. So the minimum number of available CCEs in the typical cases is 43. Even M-RNTI occupies 8 CCEs, it is enough. Besides, the number of CCEs that M-RNTI occupies is dependent on the robustness requirement. As the robustness of notification can also be guaranteed by other methods (e.g. receiving more than one time by UE in a notification period), using 4 CCEs for M-RNTI seems acceptable. If format 1C (12 bits) is decided to be used for M-RNTI, the robustness can be ensured well.
3) Ns = 2;

When Ns=4, it means that every paging subframes in a paging cycle can be used to transmit paging messages. And it is the maximum density for paging. When Ns=4 is configured, it will cause heavy overhead of paging. So it can be seen as a rare case. For the purpose of reducing the overhead of paging, Ns=4 is less configured than Ns=2 in real scenarios. So Ns=2 can be seen as a typical value for paging.
According to the above assumptions of typical cases, using the analysis methods in [2], the impact of M-RNTI on PDCCH when using paging occasions is acceptable. 
Proposal 1: For typical scenarios, using paging occasions for M-RNTI is acceptable.

2.2. Impact of M-RNTI on PDCCH for extreme cases
In the documents [2] [3] and the email discussion [4], there are some extreme cases discussed:
1) System bandwidth is less than 5MHz;

2) M-RNTI occupies 8 CCEs;

3) Ns = 4;
For the above assumptions, there are three main problems caused by M-RNTI:
1) Inefficient resource usage;

2) PDCCH capacity reduction;

3) Common search space shortage;

For the extreme cases mentioned above, there would be some problems caused by M-RNTI. However, these problems can be resolved by flexible configuration and scheduling. In section 2.3, we provide some solutions.
2.3. Solutions for the problems caused by M-RNTI in extreme cases
In the following, we provide some solutions for the three problems mentioned in section 2.2.
Solution 1) for inefficient resource usage
When Ns=4, eNB can decide to transmit M-RNTI in some of the paging subframes in one MCCH modification period to reduce the amount of notifications. And this can resolve the problem of inefficient resource usage. eNB can broadcast a coefficient x (0<x<1), e.g. 1/4 or 1/2, to inform UE than notification can only occur in x of all the paging subframes in one MCCH modification period. For example, if x=1/2, it means that in one MCCH modification period, subframes #0 and #5 in odd paging cycles and subframes #4 and #9 in even paging cycles are used for M-RNTI.
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Figure 1 Example for x=1/2
As shown in Figure 1, MCCH modification period is 10.24s, paging cycle is 2.56s, MCCH repetition period is 2.56s, Ns=4, and x=1/2. The eNB broadcast x in SIB12 or MCCH. When UE receives this coefficient x, it knows that M-RNTI will only occur in 1/2 of all the paging subframes in one MCCH modification period. If eNB and UE make the rules in advance that ‘1/2’ means that in one MCCH modification period, subframes #0 and #5 in odd paging cycles and subframes #4 and #9 in even paging cycles are used for M-RNTI, UE will monitor M-RNTI in these subframes.
To guarantee the robustness of notification in the extreme cases, adopting this method, the MCCH modification period should be multiple times of 2.56s, e.g. 10.24s.
Proposal 2: For extreme scenarios, using coefficients x (0<x< 1) to configure part of paging occasions for M-RNTI can solve the problem of inefficient resource usage.

Solution 2) for PDCCH capacity reduction
It can be seen from Table 1 that for 5MHz bandwidth, the maximum number of CCEs is 21 (when PDCCH occupies 3 symbols). In this case, 8 CCEs for M-RNTI is 38% of all the control channel capacity, and this percentage seems a little big. However, in 5MHz system, the users are also less, and the left 62% of all the control channel capacity can also be enough if the eNB uses smart scheduling algorithms.
Solution 3) for common search space shortage

The common search space is identical for all UEs and is used for paging (P-RNTI), random access response (RA-RNTI), addressing of system information messages (SI-RNTI), and M-RNTI for MBMS notification. When M-RNTI is transmitted, for random access it is possible to delay the response within the window, and for system information there is a window to give scheduling flexibility. Only issue is SIB1 but even in this case it is possible to aggregate 4 CCE to form a PDCCH. Thus, this can be seen as an implement issue, and eNB can resolve it by flexible scheduling.
Proposal 3: For extreme scenarios, eNB can resolve the problem of PDCCH capacity reduction and common search space shortage by flexible scheduling.
3. Conclusion
As discussed above, our proposals are shown below:
Proposal 1: For typical scenarios, using paging occasions for M-RNTI is acceptable.
Proposal 2: For extreme scenarios, using coefficients x (0<x< 1) to configure part of paging occasions for M-RNTI can solve the problem of inefficient resource usage.
Proposal 3: For extreme scenarios, eNB can resolve the problem of PDCCH capacity reduction and common search space shortage by flexible scheduling.
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