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1
Introduction
In last RAN2#95bis meeting, the follow issues related to multiple SC-MCCH and change notification still remain FFS. 
	· SIB20 indicate the carrier for SC-MCCH, and SC-MCCH indicate the carrier for MTCH. FFS if there can be multiple SC-MCCH 
· RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS. 


Besides, in RAN1 LS [1], RAN2 is asked to decide the following issues related to SC-MCCH:

	RAN1 respectfully asks RAN2:

1. To take the above agreements into account.

2. To inform RAN1 of the maximum number of on-going SC-MTCHs supported by SC-MCCH in NB-IoT and in feMTC

3. To inform RAN1 whether and how segmentation of SC-MCCH will be supported in Rel-14 for NB-IoT and for feMTC.

4. To confirm the feasibility and usefulness from higher layer point of view of the above described options for feMTC regarding maximum channel bandwidth and maximum TBS


In this contribution, we will discuss the remaining issues related to SC-MCCH in details. 
2
Discussion
2.1
The necessity of multiple SC-MCCHs
In legacy SC-PTM mechanism, there is only one SC-MCCH used for configuring all SC-MTCHs. In FeMTC, it is worth noting that different UEs may be interested in different services with different enhanced coverage. For example, some devices are deployed in the basement with bad coverage, e.g. water meter, electric meter etc. and some devices are deployed on the ground with good coverage, e.g. streetlight. Therefore, different SC-MTCHs, associated with  different services, may have different coverage levels. If a single SC-MCCH is used for configuring these SC-MTCHs with different coverage levels, the SC-MCCH should be transmitted with the maximum repetition number in order to cover the cell-edge/bad coverage devices. Thus, as mentioned in [2] and [3], multiple SC-MCCHs can be considered in FeMTC to configure different SC-MTCHs with different coverage levels. In this alternative, one or more SC-MTCH(s) can be mapped to one SC-MCCH. Compared with the legacy mechanism, different SC-MCCHs can be transmitted with different coverage levels. Obviously, it is beneficial for the PDSCH of SC-MCCH as some SC-MTCH configurations do not need to be transmitted with the maximum repetition number. However, with more SC-MCCHs, more PDCCHs are needed, which seems to bring no benefit on PDCCH. In order to verify the gain on PDCCH, the following Table1 is provided and the following assumptions are made:

i. The size of one SC-MCCH is calculated by (N+2) x 108 bits, where N is the number of services configured by the SC-MCCH

ii. Use the maximum TBS of 936 bits to calculate the number of TBs for one SC-MCCH

iii. In case of one SC-MCCH, the repetition of MPDCCH is 256. In case of two SC-MCCHs, the repetition of one MPDCCH is 256 and the other MPDCCH 128, and so on.

Table 1 The gain comparing multiple SC-MCCHs with one SC-MCCH
	The number of services
	The number of SC-MCCH
	The size of one SC-MCCH 
	The number of TBs for one SC-MCCH
	The number of MPDCCH for all SC-MCCHs without repetition
	The number of MPDCCH for all SC-MCCHs with different repetitions

	20
	1
	2376
	3
	3
	768

	
	2
	1296
	2
	4
	768

	
	4
	756
	1
	4
	480

	32
	1
	3672
	4
	4
	1024

	
	2
	1944
	3
	6
	1152

	
	4
	1080
	2
	8
	960

	
	8
	648
	1
	8
	510

	64
	1
	7128
	8
	8
	2048

	
	2
	3672
	4
	8
	1536

	
	4
	1944
	3
	12
	1440

	
	8
	1080
	2
	16
	1020


It can be observed that with the increase of the number of SC-MCCHs, the number of MPDCCH for all SC-MCCHs without repetition grows accordingly. However, since different SC-MCCHs are transmitted with different repetition numbers, the number of MPDCCH for all SC-MCCHs with different repetition numbers decreases gradually with the growth of the number of SC-MCCHs. Therefore, it is beneficial for both PDSCH and PDCCH to use multiple SC-MCCHs in SC-PTM for FeMTC.
Observation 1: It is beneficial for both PDSCH and PDCCH to use multiple SC-MCCHs to configure SC-MTCHs with different coverage levels in SC-PTM for FeMTC.

Therefore, it is reasonable to introduce multiple SC-MCCHs in FeMTC. 
Proposal 1: Introduce multiple SC-MCCHs in FeMTC.
2.2
Change Notification

According to the above assumption and the preferences proposed in [4-14], there are, generally speaking, two alternatives for SC-MCCH change notification:

Alternative 1: use 1 bit in Direct Indication for SC-MCCH change notification

Alternative 2: use 1 bit in DCI in PDCCH scheduling SC-MCCH for SC-MCCH change notification

In Alternative 1, the following disadvantages on UE power consumption, flexibility and latency should be taken into account:

· Resource efficiency: the change notification should be transmitted in paging occasions for a long time as different UEs wake up in different time. Consequently, only when all the paging occasions occur, could the SC-MCCH change. That is to say, transmitting the PDCCH carrying change notification will consume more resources. However, in Alternative 2 anyway there is the PDCCH scheduling SC-MCCH.

· Flexibility: The change notification relies too heavily on the paging occasions. If there is a real Paging message, the change notification would be interrupted. This will not occur in Alternative 2.

· Latency: the change notification should be transmitted in paging occasions for a long time as different UEs wake up in different time. Consequently, only when all the paging occasions are occur, could the SC-MCCH change. Then from the change notification to the actual updated SC-MCCH, UEs will experience a long latency. Besides, if the change notification collides with a real Paging messages, the change notification has to be deferred to next paging occasion, which also increases the latency of acquiring the updated SC-MCCH. However, there is no such problem in Alternative 2.

It is observed that Alternative 1 has more impacts on Resource efficiency, flexibility and latency. By contrast, Alternative 2 has more advantages in the above aspects. Therefore, Alternative 2 is preferred.

Proposal 2: use 1 bit in DCI in PDCCH scheduling SC-MCCH for SC-MCCH change notification in FeMTC.

If proposal 2 is approved, there is only one PDCCH for both SC-MCCH scheduling and SC-MCCH change notification. In legacy SC-PTM, the PDCCH scheduling SC-MCCH is scrambled by SC-RNTI. Therefore, we prefer to use SC-RNTI to schedule SC-MCCH and notify SC-MCCH change. In this way, 1 bit in the DCI could be used to indicate the change notification, such as, if the bit is “0”, it indicates there is no change in SC-MCCH and if the bit is “1”, it indicates there is change in SC-MCCH. Details can be decided in RAN1. If there is some conclusion from RAN1, we can revisit this part.

Proposal 3: SC-RNTI is used for change notification from RAN2 point of view. Details depend on RAN1 design.

2.3
Segmentation of SC-MCCH
In legacy SC-PTM, SC-MCCH may be segmented into several segmentations due to the restriction of TBS as other traffics may be multiplexed into one TB together with SC-MCCH. Therefore, the parameter of sc-mcch-duration included in SIB20 is introduced to indicate the duration of SC-MCCH. In FeMTC, the issue becomes serious as the maximum TBS in eMTC is much less than that of LTE. Taking the maximum TBS of 936 bits as an example, the maximum number of SC-MTCH is (936-216)/108 ≈ 6. Obviously, it is not enough to support only 6 multicast services in FeMTC. Therefore, to respond to RAN1 LS, more SC-MCCH duration is needed which means that the segmentation of SC-MCCH is unavoidable. 
Observation 2: It is not enough to support more multicast services with the current maximum TBS in FeMTC.
Thus, we propose to reuse the segmentation of SC-MCCH in FeMTC.

Proposal 4: Reuse segmentation of SC-MCCH in FeMTC.

In legacy SC-PTM, the segmentations of SC-MCCH are transmitted in consecutive subframes as depicted below:
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Figure 1 the segmentation of SC-MCCH in legacy SC-PTM
However, in FeMTC, the SC-MCCH should be transmitted repetitively in order to perform coverage enhancement. Consequently, the segmentations of SC-MCCH should be also transmitted repetitively. Then, there are two alternatives to transmit the segmentations with more repetitions:
Alternative 1: First, transmit all segmentations one by one, and then another repetition as shown in Figure 2.
Alternative 2: First, transmit the first segmentation with several repetitions, and then the next segmentation as shown in Figure 3.
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Figure 2 Alternative 1 for repetitive segmentations

[image: image3.emf]S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

sc-mcch-duration

Segment1 Segment1Segment1 Segment2

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

Segment2 Segment2Segment3 Segment3

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

S

C

-

M

C

C

H

P

D

C

C

H

Segment3 Segment4 Segment4 Segment4


Figure 3 Alternative 2 for repetitive segmentations
RAN2 is kindly asked to decide which alternative could be used in FeMTC for transmitting the repetitive segmentations.
Proposal 5: RAN2 is kindly asked to choose one alternative for the repetitive segmentations in FeMTC.
2.4
The maximum number of on-going SC-MTCHs
Another issue from RAN1 is to decide the maximum number of on-going SC-MTCHs supported by SC-MCCH in NB-IoT and in feMTC. First, we calculate the transmission time of one SC-PTM service on a single narrowband with 6PRB. We assume that multicast data for update is 200k octets, and the TBS is 936 bits, and the repetition of the data is 2048. Then the transmission time of the multicast data is about 1 hour in the ideal situation. If there are 4 on-going SC-MTCHs in the same narrowband, the transmission time will increase to 4 hours. In order to reduce the latency of receiving one specific SC-PTM service, few on-going SC-MTCHs supported in FeMTC is preferable. Then we think in FeMTC it is suitable to support 4 on-going SC-MTCHs in the same narrowband. Thus, in the whole 20 MHz system bandwidth, there are 16 x 6PRBs, i.e. the maximum number of on-going SC-MTCHs is 64.
Proposal 6: The maximum number of on-going SC-MTCHs supported in FeMTC can be 64.
2.5
SC-MCCH/SC-MTCH transmission in FeMTC
For SC-MCCH transmission as mentioned in RAN1 LS [1], different maximum bandwidth and maximum TBS may be applicable to SC-MCCH. However, it is worth noting that the SC-PTM service is targeting to all Rel-14 FeMTC UEs that are interested in SC-PTM service. That is to say, the SC-MCCH transmission should be applicable to all these UEs which include the UEs that support the maximum bandwidth of 6PRB and the maximum TBS of 1000bits and the UEs that support larger maximum TBS and larger maximum bandwidth. In order to realize that all Rel-14 FeMTC UEs interested in SC-PTM service are able to receive SC-PTM service, it is reasonable to configure the SC-MCCH transmission with maximum bandwidth of 6PRB and maximum TBS of 1000bits. This is also applicable to SC-MTCH transmission. Otherwise, the UEs supporting maximum bandwidth of 6PRB or maximum TBS of 1000bits are not able to receive the SC-MCCH or SC-MTCH configured with larger bandwidth or larger maximum TBS. 
Proposal 7: The maximum bandwidth and maximum TBS for both SC-MCCH transmission and SC-MTCH transmission should be configured according to Rel-13 Cat M1 limitations, i.e. 6 PRB and 1000bits, for Rel-14 FeMTC UE.
3
Conclusion

In this contribution, we first observed that

Observation 1: It is beneficial for both PDSCH and PDCCH to use multiple SC-MCCHs to configure SC-MTCHs with different coverage levels in SC-PTM for FeMTC.

Observation 2: It is not enough to support more multicast services with the current maximum TBS in FeMTC.

And then get the following proposals
Proposal 1: Introduce multiple SC-MCCHs in FeMTC.

Proposal 2: use 1 bit in DCI in PDCCH scheduling SC-MCCH for SC-MCCH change notification in FeMTC.

Proposal 3: SC-RNTI is used for change notification from RAN2 point of view. Details depend on RAN1 design.

Proposal 4: Reuse segmentation of SC-MCCH in FeMTC.

Proposal 5: RAN2 is kindly asked to choose one alternative for the repetitive segmentations in FeMTC.
Proposal 6: The maximum number of on-going SC-MTCHs supported in FeMTC can be 64.

Proposal 7: The maximum bandwidth and maximum TBS for both SC-MCCH transmission and SC-MTCH transmission should be configured according to Rel-13 Cat M1 limitations, i.e. 6 PRB and 1000bits, for Rel-14 FeMTC UE.
4
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