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1. Introduction

RAN 1 has sent LS to RAN 2 in response on LS on Radio efficiency for delivery of Broadcast/Multicast Services, outlining the results of different MBMS transmission schemes for single cell and multi-cell transmission ‎[1]. The LS concludes that "…at this stage RAN1 has not yet been able to conclude on the benefits of extending such point-to-multipoint transmission with support for link adaptation and/or Hybrid ARQ and, especially, to what extent any additional benefits would justify the additional complexity."

The present document discusses the functionality required to enable use of the DL-SCH for MBMS PTM transmission with HARQ/CQI feedback, in order to better understand the complexity this would imply.

2. Background
‎[2] and ‎[3] have shown that a single cell PTM transmission mode with feedback has a potential of up to 75% gain in spectral efficiency over single cell PTP and single cell PTM modes without feedback, as reproduced in Figure 1. Furthermore, in the case of low average number of users per cell receiving the MBMS content, PTM with feedback can achieve significant gain in spectral efficiency even compared to MBSFN transmission, in particular if the service is confined to a few cells or user are present in only a few cells. This is also shown in Figure 1 for the case of MBSFN consisting of only 7 cells.

The maximum gain is attained at on average 5 to 7 UEs per MBMS user group in a cell. Above this number of UEs the gain over MBSFN or PTM without feedback gradually diminishes. Taking the MBSFN with 7 cells as a reference, the efficiency breakpoint with PTM with feedback is at 8 UEs and therefore a PTM with feedback transmission mode that can support up to about 8 UEs could be sufficient. It is noted that MBMS for GERAN supports a PTM with feedback scheme ("PDAN") with at most 16 UEs.

PTM with feedback can be particularly beneficial for real time services like Mobile TV or Radio. For non-real time services, e.g. file downloads (Pod casting, Push Services), it should be more efficient to use FEC on the application layer over large encoding units, whereas for real time services the encoding unit size is limited by the acceptable delay, which would be noticeable to the user as e.g. TV channel switching delay. For real time service, the BLER target (after HARQ) would be about 1%.


[image: image1]
Figure 1: Spectral efficiency gain of PTM with rate adaptation and HARQ with max 8 retransmissions compared to other transmission schemes: 
ptp+RA+NR=8: PTP with rate adaptation and max 8 retransmissions
ptm-RA-ReTx: PTM without rate adaptation and without retransmissions
MBSFN 7 cells: MBSFN consisting of 7 cells surrounded by fully loaded interfering cells.
3. DL-SCH supporting single cell PTM with feedback

The MCH is assumed to be used for MBMS traffic if a MBSFN is employed. However, TS36.300 specifies that MCH does not support HARQ and is also expected to be used with the long CP and semi-static scheduling, which is not needed in the case of single cell PTM. Therefore, the MCH would be inappropriate for PTM with feedback.

In contrast, the DL-SCH is being designed for single cell transmission and supports link adaptation and HARQ. Although the DL-SCH is being designed with PTP in mind, it should be easy to add functionality to support PTM, in particular as the number of UEs listening to a single MTCH mapped to the DL-SCH would be small.

With only about 8 UEs receiving a MTCH on the DL-SCH simultaneously, it should be acceptable to provide dedicated UL control channel resources for each UE for transmitting hybrid ACK/NACK and CQI reports. The only difference in ACK/NACK compared to PTP appears to be that multiple UL resources need to be granted in response to a single downlink transport block and multiple UL resources need to be granted for CQI.
This transmission scheme has the additional advantage that it seamlessly results in the normal PTP scheme in the case there is only a single UE of the considered MBMS service. 
UL grants for UE feedback can either be linked to the used downlink RB according to a mapping that is fixed or signalled via RRC or a long term static mapping signalled via RRC independent of used downlink resource blocks can be used.

If the number of UEs exceeds a threshold, (e.g. 8), then the transmission mode could be switched to not use any feedback anymore and use more robust modulation and coding scheme instead. If the PTM transmission scheme uses UL grants that are linked to the DL resource blocks in the case of less UEs than the threshold, then the DL control information needs to contain a flag indicating whether feedback is enabled or disabled. If the transmission scheme uses UL grants that are signalled, then it is sufficient to not schedule any new UL grants or use RRC signalling that revokes the UL grants.

MIMO could be supported, including beam forming, in particular for retransmissions, as the number of UEs to be targeted generally decreases with increasing instance of a retransmission. 

Handover
In the case of handover, if the target cell already is transmitting the MTCH on the DL-SCH to a group of UEs, then the UE attempting the handover should be joined to this group. In the case of asynchronity of the MTCH between cells there are 3 alternatives

· accept that transport block losses occur

· allow the UEs to send NACK on RLC to trigger the target cell to retransmit the missing packets

· UE is capable of receiving from the original and target cell simultaneously over a time that cover the transport block timing delay between original and target cell.

In the last two alternatives the receiver buffer must be large enough to achieve lossless handover despite a small asynchronity.

Assuming the PTM with feedback mode is used only for streaming, then a few transport block losses during handover may be acceptable and if sufficient content synchronisation is achieved between cells then the other two alternatives from the list should not be necessary.

It is noted that synchronisation is required regardless of feedback being used with the PTM or not.
4. Conclusion

The present document discusses the functionality required to enable use of the DL-SCH for MBMS PTM transmission with HARQ/CQI feedback. Given that such transmission mode only makes sense if the number of UEs receiving the PTM transmission is quite small (about 8 UEs), per UE ACK/NACK and CQI reports could be acceptable and little changes to the DL-SCH functionality for PTP would be required. The PTM transmission with feedback would automatically result in PTP in the case of only a single UE. In the case of too many UEs, the feedback should be suppressed. 

We propose to capture the relevant elements of this contribution in TS 36.300 including Annex D.
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6. Text proposal

Beginning of text proposal for chapter 5.3

5.3
Transport Channels

…
2.
Downlink Shared Channel (DL-SCH) characterised by:
-
support for HARQ;

-
support for dynamic link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beamforming;

-
support for both dynamic and semi-static resource allocation;

-
support for UE discontinuous reception (DRX) to enable UE power saving;

-
support for MBMS transmission. 
End of text proposal for chapter 5.3
…

Beginning of text proposal for Annex D

D.2
MBMS transmission
A point-to-multipoint radio bearer is used to carry MBMS traffic. It is FFS whether a point-to-point radio bearer is also used to carry MBMS traffic or not. Improvements for single-cell MBMS transmission should comprise of usage of p-t-m with feedback (HARQ and CQI feedback) using DL-SCH.
6.1. D.3
Deployment Scenarios

In terms of deployment scenarios of MBMS in E-UTRAN, the following alternatives can be listed:

-
Carrier type: dedicated vs. mixed carrier;

-
SFN transmission: multi-cell vs. single-cell transmission;

-
Radio bearer type: p-t-m vs. p-t-p;

-
Counting: yes or no;

-
Audience measurement: yes or no;

-
ON/OFF control of MBMS service delivery: yes or no;

-
PTP / PTM radio bearer switching: yes or no;

Table D.3 below lists the combinations of the above alternatives that are supported in E-UTRAN:

Table D.3: MBMS Deployment Scenarios

	#
	Carrier
	Transmission
	RB
	Counting
	Comments

	1
	dedicated
	multi-cell
	p-t-m
	no
	From 1 to n cells
Audience measurement (FFS)

	2
	mixed
	multi-cell
	p-t-m
	no
	Audience measurement (FFS)

	3
	mixed
	single-cell
	p-t-m 
	TBD
	p-t-m using DL-SCH is including HARQ and CQI feedback


End of text proposal
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ptm+RA+NR = 8 / ptm-RA-ReTx
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ptm+RA+NR = 8 / MBSFN 7 cells
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