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1   Introduction
In the current LTE specification, MBSFN sub-frame includes two parts: unicast part and MBSFN part. If unicast part could be removed and the whole sub-frame could be used for MBMS, the performance of MBSFN could be improved. In the RAN#72, it is required to find a method to realize MBSFN sub-frames without a unicast control region and cell-specific reference signals [1]. This issue will be discussed in this contribution.
2   Discussion
If UE receives the MBSFN sub-frame information in SIB2, it could consider that there is still CRS in the PDCCH symbols and could take into account these CRS in RRM measurement. This information is available for UE in IDLE or CONNECTED state. As a result, if unicast part of some MBSFN sub-frames is removed, the allocation of this new type “pure MBSFN sub-frame” shall be indicated to UE via system information.

Proposal 1: If unicast part of some MBSFN sub-frames is removed, the allocation of this new type “pure MBSFN sub-frame” shall be indicated to UE via system information.

The next issue is the influence of this pure MBSFN sub-frame. There are three functions for the unicast part of MBSFN subframe:
· PCFICH

For the MBSFN sub-frame, the number of PDCCH symbols is indicated by RRC message, so, PCFICH is not necessary actually.

· PHICH

If PHICH is removed from MBSFN sub-frame n, UE could not acquire the HARQ feedback of uplink transmission, so UE considers it as a NACK, and begins the non-adaptive retransmission in sub-frame n+4. If this HARQ feedback in PHICH is ACK, this retransmission is unnecessary. However, this could be avoided by cross cell scheduling.

[image: image1.emf]0 2 1 3 4 5 7

6

8 9

Uplink 

Downlink 

2

nd

7 8 9

7 8 9

1

st

 

0 2 1 3 4 5 7

6

8 9

This non-adaptive retransmission is 

not expected!

UE does not receive ACK in #1 

downlink sub-frame, so, it 

considers this is NACK.


Figure 1: the problem in HARQ retransmission
If cross scheduling is applied, PHICH is located in the scheduling cell, therefore the problem above does not exist anymore. In the example in Figure 2, the eNB assigns UL grant of SCell via PCell, receives UL data, and transmits ACK via the PHICH of PCell, so this unnecessary HARQ retransmission could be avoided.
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Figure 2: cross scheduling
Proposal 2: pure MBSFN sub-frame could be configured in scheduled cell.

· PDCCH

The PDCCH in MBSFN sub-frame undertakes the following functions:
· Assign uplink grant in PUSCH

· Trigger aperiodic SRS

· TPC for SRS

· TPC for PUCCH

· TPC for uplink SPS

· MCCH modification notification

If this cell is configured as a SCell which is scheduled by the other cell, all the functions above could be relocated to scheduling cell and there would have no big impact on the Scell performance. 
However if this cell is configured as PCell, such behaviour would lead to significant performance loss by moving all the functions above except uplink grant assignment to the non-MBSFN sub-frame. For example, UE could not adjust its uplink power in time because it does not receive TPC, it could not provide aperiodic SRS to eNB in time to help eNB to make the uplink scheduling decision. In addition for PCell, the absent of PDCCH in some downlink sub-frames means that all the PUSCH resource in the related uplink sub-frames could not be assigned to this UE.
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Figure 3: the problem in uplink grant assignment
Usually, PCell is considered as the most reliable cell. If MBSFN sub-frame in PCell could not undertake these functions above, this cell seems not reliable any more. So it is not a good choice to apply this pure MBSFN sub-frame in PCell.

Proposal 3: The pure MBSFN sub-frame is not applied in PCell.
If pure MBSFN sub-frame is located in SCell only, and cross scheduling is configured, all the problems except the MCCH modification indication do not exist anymore. 
Proposal 4: Pure MBSFN sub-frame is applied in SCell and cross scheduling shall be configured.

Some other methods are needed to indicate the modification of MCCH to UEs. For the CONNECTED UE, this indication could be transmitted via dedicated message in PCell. For the IDLE UE, these UEs shall read MCCH information in every MCCH modification period, which leads some modification to current specification. It is worth discussing how to address these UEs for MCCH information.
Observation: Without unicast part of MBSFN sub-frame, the modification of MCCH shall be indicated to UE by other ways.
3   Conclusion
Based on the discussion above, it is proposed:
Proposal 1: If unicast part of some MBSFN sub-frames is removed, the allocation of this new type “pure MBSFN sub-frame” shall be indicated to UE via system information.

Proposal 2: pure MBSFN sub-frame could be configured in scheduled cell.

Proposal 3: The pure MBSFN sub-frame is not applied in PCell.
Proposal 4: If pure MBSFN sub-frame is applied in SCell, cross scheduling shall be configured.

Proposal 5: Without unicast part of MBSFN sub-frame, the modification of MCCH shall be indicated to UE by other ways.
4   Reference
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