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1   Introduction
In the current LTE specification, MBSFN sub-frame could occupy 60% of wireless resource at most. Considering the addition of MBMS data, it is needed to expand this limitation in Rel-14, so following object is agreed in RAN#71 [1].

	a. Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. (RAN2, RAN1)

· The non-MBSFN subframes for unicast can only be used as Scell


In this contribution, some solutions to expand MBSFN sub-frame are discussed.
2   Discussion
2.1   MBSFN sub-frame expanding
In the current FDD specification, MBSFN sub-frame does not include sub-frame #0/4/5/9 because these 4 sub-frames may be used to transmit paging. Actually, how many sub-frames are used to transmit paging depends on the parameter Ns, which denotes how many sub-frames are used in a radio frame to transmit paging. Table 1 denotes the Ns and the paging sub-frame distribution [2].

Table 1: the paging sub-frame assignment

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


For a given Ns value, the paging sub-frames could be determined [3]. Obviously, if all the cells in a MBSFN area could limit their paging sub-frame number to 2, that is to say, set Ns value to 2, only sub-frame #4 and #9 are remained for paging. However, this actually does not help to expand the MBSFN sub-frame considering the MIB has already occupied sub-frame #0 and SIB1 has already occupied sub-frame #5. Instead if all the cells set Ns value to 1, i.e. only sub-frame #9 is for paging, the sub-frame #4 could be used as MBSFN transmission. 

Observation 1: If all the cells in the MBSFN area set Ns value to 1, sub-frame #4 could be used as MBSFN transmission.
The number of paging sub-frame in a radio frame depends on the paging load. If there is only one paging sub-frame #9 in a PF, this paging message could only include 16 paging records [4]. So the paging capacity is very limited. 
Observation 2: the supported paging capacity becomes limited  if all the cells in the MBSFN area set Ns value to 1.
2.2   MBSFN sub-frame in SCell
Based on the current CA architecture, UE need not receive MIB/SIB and paging via SCell, so, the limitation above does not exist for SCell. If one cell is not available for IDLE UE, and could only be configured to a connect UE as a SCell, MIB/SIB and paging are not needed. From RAN2 point of view, all the sub-frames could be regarded as MBSFN sub-frames. The only difficulty is synchronization signal, whether the UE could acquire the downlink sub-frame boundary without the synchronize signal of this SCell or not depends on the RAN1/4 discussion. If not, the sub-frame which includes this synchronize signal could not be configured as MBSFN sub-frame.

Proposal 1: From the RAN2 point of view, all the sub-frames of the SCell could be regarded as MBSFN sub-frame except that includes the synchronization signals.
Based on the above, all UEs in idle mode would avoid camping on this sCell (otherwise the sCell has to maintain functions like paging, MIB and  SIB reading etc.)For UEs in connected mode, SIB information can be indicated to UE via dedicated message, for example, SIB13.

Proposal 2: the related SIB, e.g. SIB13 may be indicated to UE in connected mode via dedicated message via PCell.
Another issue for UE is how to read MCCH. In the current MBMS procedure, UE reads SIB13, MCCH, and finds MTCH which is used to transmit its target MBMS data. In this procedure, UE may wait to read the MCCH information in the next MCCH repetition period. If all the MBMS receivers are UEs in connected mode, this MCCH could be transmitted via dedicated message when the MBMS SCell is added to the UE, so UE need not wait for a long period to receive MCCH message. 
Proposal 3: MCCH is transmitted via PCell with dedicated message.
When the MCCH modification occurs, the updated MCCH message could also be transmitted via dedicated message. As a result, the MCCH modification notification which is indicated via PDCCH is not needed anymore
Proposal 4: In SCell, MCCH modification notification is not needed.
2.3   MBSFN sub-frame without PDCCH
In the WID it is also required to discuss finding a method to realize MBSFN sub-frames without a unicast control region and cell-specific reference signals. As the detail discussion in section 2.2, there is no paging, MIB, SIB, message 2, MCCH modification indication in SCell, and cross scheduling cell is also not related to this SCell, consequently PDCCH is not needed for the MBSFN sub-frame in this SCell. However, no PDCCH in SCell does not mean no unicast transmission. In the example of figure 1, unicast data could be cross scheduled by PDCCH which is located in PCell.

[image: image1.emf]DCI

PCell

#0

#1 #2 #3

#4 #5

#6 #7

#8 #9

MBSFN 

SCell

MBSFN subframe MBSFN subframeMBSFN subframe MBSFN subframe MBSFN subframe MBSFN subframe MBSFN subframe MBSFN subframe

Unicast 

Data

Unicast 

Data

MBSFN subframe

DCI


Figure 1: unicast transmission via MBSFN SCell without unicast control region

Proposal 5: MBSFN sub-frame without PDCCH in SCell shall be supported.
Furthermore it is unclear whether this MBSFN sub-frame without CRS and PDCCH is possible or not in PCell? If this kind of MBSFN sub-frame is applied in PCell, the legacy CRS in PDCCH in these sub-frames does not exist anymore, and the performance of measurement shall be impacted. Moreover, the decreasing of PDCCH capacity may also lead some limitation to uplink scheduling. So, this kind of MBSFN sub-frame shall not be introduced to PCell.
Proposal 6: MBSFN sub-frame without a unicast control region and cell-specific reference signals only exists in MBSFN SCell.
3   Conclusion
Based on the discussion above, it is proposed:
Observation 1: If all the cells in the MBSFN area set Ns value to 1, sub-frame #4 could be used as MBSFN transmission.
Observation 2: the supported paging capacity becomes limited  if all the cells in the MBSFN area set Ns value to 1.
Proposal 1: From the RAN2 point of view, all the sub-frames of the SCell could be regarded as MBSFN sub-frame except those that includes the synchronization signals.
Proposal 2: the related SIB, e.g. SIB13 may be indicated to UE in connected mode via dedicated message via PCell.
Proposal 3: MCCH is transmitted via PCell with dedicated message.
Proposal 4: In SCell, MCCH modification notification is not needed.
Proposal 5: MBSFN sub-frame without PDCCH in SCell shall be supported.

Proposal 6: MBSFN sub-frame without a unicast control region and cell-specific reference signals only exists in MBSFN SCell.
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