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1 Introduction
In RAN#83 meeting, a new work item, i.e., LTE-based 5G terrestrial broadcast was approved [1]. One of its objects is to specify a new numerology for PMCH to support rooftop reception in MPMT and HPHT-1 scenarios as described in TR 36.776. Through extensive simulations and analysis, the following agreements were made in RAN1#97 meeting [2]:
	Agreements
1. Selection of the new numerologies for support of rooftop reception in HPHT-1 and MPMT scenarios is based on the candidates listed in the Table X below.

Table X: New numerologies for support of rooftop reception in MPMT and HPHT-1 scenarios

Tcp (us)

Tu (ms)

T (ms)

Numerology (kHz)

FFT size

Number of MBSFN sub frames per 40ms in MBMS-dedicated carrier (with no gap overhead)

Number of MBSFN sub frames per 5ms (with gap overhead in mixed-carrier )

CP overhead

386

2.4

2.786

0.417

36864

14

1 (4.3%)

13.9%
300
2.7
3
0.370
41472

13

1 (0%)

10.0%



Besides, in RAN1#98 meeting, the new numerology (i.e. SCS=0.37 kHz) was agreed [3]: 
	Agreements
1. The numerology of Tcp=300us/Tu=2.7ms should be used for PMCH to support rooftop reception.


In LTE, the MBSFN configuration is defined with the granularity of subframe. However, for transmissions using SCS=0.37 kHz, the smallest time unit (defined as a slot by RAN1) has a length of 3ms. In this contribution, we will discuss the handling of MBSFN configuration for the new numerologies.  
2 Discussion
2.1 Frame structure for the new numerologies
Each radio frame is Tframe =10ms long and consists of 10 subframes of length Tsubframe =1ms, numbered from 0 to 9. For different SCS, the length of Tslot and number of slots in a subframe may be different. For ease of illustration, the slots in a subframe with transmissions using different SCS are given in Table 1. 
As per 36.211 [4], for the subframe using new numerologies, the non-MBSFN region is of zero size. And for 0.37 kHz SCS, the MBSFN region is defined as one slot of 3 ms, and there are 13 slots, numbered in increasing order from 0 to 12, in a 40 ms period. Figure 1 illustrates one example of the frame structure for 0.37 kHz SCS, where CAS is cell acquisition subframe including PSS/SSS/PBCH.
Table 1. Tslot and the number of slots in one subframe with different SCS
	SCS (kHz)
	Tslot (ms)
	slots/subrame

	2.5/7.5/15
	0.5ms
	2

	1.25
	1ms
	1

	0.37
	3ms
	1/3
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Figure 1. Example of frame structure for SCS =0.37 kHz (Tslot =3ms)

Observation 1: For the subframe using new numerologies, the non-MBSFN region is of zero size.

Observation 2: For transmissions using SCS=0.37 kHz, a slot has a length of Tslot =3ms.

2.2 Configuration for new numerology

In Rel-14, to improve the spectral efficiency, 1.25 kHz SCS is introduced, given that there is no PDCCH region for the MBSFN subframe configured with 1.25 kHz SCS, 1.25 kHz SCS can only be configured in SCell or dedicated carrier. Similar issue is existed for the new numerologies (i.e. SCS = 0.37 kHz or 2.5 kHz), since there is no non-MBSFN region for the subframe/slot using new numerologies, therefore, the new numerologies cannot be configured in PCell, otherwise, there will be impact on the uplink transmission.

Proposal 1: For the new numerologies (i.e. 0.37 kHz and 2.5 kHz), they cannot be configured in PCell.
2.3 Handling of MBSFN configuration with 0.37 kHz SCS
As per the observation 2, a MBSFN slot has a length of 3ms for 0.37 kHz SCS, which is different from the legacy time domain granularity, and will lead to some problems. In this section, we’d like to discuss the handling of MBSFN configuration for 0.37 kHz SCS.

For MBMS-dedicated carrier, subframe #0 is fixedly used as CAS (i.e. non-MBSFN subframe) in a 40ms period. Besides, additional non-MBSFN subframes after subframe #0 can be further configured via additionalNonMBSFNSubframes within MasterInformationBlock-MBMS. One example is illustrated in Figure 2, if value “1” for additionalNonMBSFNSubframes is configured, the subframe #1 is configured as non-MBSFN subframe.
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Figure 2. Example of MBSFN configuration for dedicated MBMS carrier
However, for the case mentioned in Figure 3 (i.e. there is additional non-MBSFN subframes), for slot #0, it includes MBSFN subframes as well as non-MBSFN subframes, for such case, UE will be confused whether slot#0 can be used for the reception of PMCH. Obviously, UE should not perform PMCH reception in slot#0 when there are non-MBSFN subframes, therefore, we need define a method to identify validity of the slot for MBSFN with SCS=0.37 kHz. A simple method is to make it valid only when there is no non-MBSFN subframe for this MBSFN slot.
Proposal 2: For MBMS-dedicated carrier, if PMCH is configured with 0.37 kHz SCS, the MBSFN slot (i.e. 3ms slot) is valid only when there is no non-MBSFN subframe (i.e. 1ms) in this slot.

For mixed carrier, the maximum number of MBSFN subframe in a radio frame is 8 for Scell, and at least subframe 0 and subframe 5 should be configured as non-MBSFN subframe. When PMCH is configured with 0.37 kHz SCS, similar as the issue mentioned above, there may be non-MBSFN subframe in the MBSFN slot.
One example is shown in Figure 3, here subframes #1, #2, #3, #6, #7, #8 are configured as MBSFN subframe via SIB13. For MBSFN Slot #0, all of the corresponding subframes (i.e. subframe #1, #2, #3) are MBSFN subframes; For MBSFN Slot#1, the corresponding subframe #6 is MBSFN subframe, however, the subframe #4, #5 are non-MBSFN subframes. And for Slot#2, the corresponding subframe #7, #8 are MBSFN subframes, but the subframe #9 is non-MBSFN subframe. For such case, we also need to introduce some mechanisms to guarantee that eNB and UE have same understanding on PMCH is received on which MBSFN slots.
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Figure 3. Example of MBSFN configuration for mixed carrier
To achieve this, there are two possible solutions:
· Solution 1: Leave it NW implementation, i.e. eNB ensure that all of the three corresponding subframes (i.e. 1ms) in this MBSFN slot (i.e. 3ms) are non-MBSFN subframes/MBSFN subframes.

· Solution 2: UE judge the validity of MBSFN slot, the MBSFN slot (i.e. 3ms slot) is valid only when all of the three corresponding subframes (i.e. 1ms) in this slot are non-MBSFN subframes.
To our understanding, both solutions are feasible, but for solution 2, the method for dedicated carrier can be reused, and there is restriction on the configuration for solution 1.
Proposal 3: For mixed carrier, if PMCH is configured with 0.37 kHz SCS, RAN2 to discuss which solution is used to ensure that eNB and UE have same understanding on the MBSFN slot for PMCH transmission/reception.

· Solution 1: Leave it NW implementation
· Solution 2: UE judge the validity of MBSFN slot as Proposal 2
3 Conclusions
In this contribution, we discussed the configuration and handling of MBSFN configuration for the new numerologies, and we have the following observations and proposals:
Observation 1: For the subframe using new numerologies, the non-MBSFN region is of zero size.

Observation 2: For transmissions using SCS=0.37 kHz, a slot has a length of Tslot =3ms.

Proposal 1: For the new numerologies (i.e. 0.37 kHz and 2.5 kHz), they cannot be configured in PCell.
Proposal 2: For MBMS-dedicated carrier, if PMCH is configured with 0.37 kHz SCS, the MBSFN slot (i.e. 3ms slot) is valid only when there is no non-MBSFN subframe (i.e. 1ms) in this slot.

Proposal 3: For mixed carrier, if PMCH is configured with 0.37 kHz SCS, RAN2 to discuss which solution is used to ensure that eNB and UE have same understanding on the MBSFN slot for PMCH transmission/reception.

· Solution 1: Leave it NW implementation
· Solution 2: UE judge the validity of MBSFN slot as Proposal 2
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