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1 Introduction

In the last two RAN2 meetings, there have been a number of proposals made that suggest the use of uplink feedback to improve the performance of eMBMS [1]
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This document aims to summarise the main points of the available proposals, analyse their benefits and drawbacks, and to propose possible simplifications and alternative solutions. This document also aims to try and clarify several unclear points regarding eMBMS feedback.
2 Summary of Available Schemes

In general, there are two types of proposals with regards to uplink feedback for eMBMS:

· HARQ to allow re-transmissions: in this scheme, UEs send NACK when they have received eMBMS data in error. On receiving NACK, the network may schedule re-transmission of the NACKed data.
· Feedback to allow MCS adaptation: in this scheme, UEs provide some feedback to the network to allow the network to select the best MCS. The MCS selection proposal in [4] can additionally be seen as a tool to help operators configure and/or setup eMBMS.
Because both schemes involve a network response based on feedback from more than one UE, the network response cannot be precisely tailored to the feedback, like in the unicast case. Generally, this is due to the fact that the network will receive a wide range of feedback from different UEs. A possible network response would be to cater for the worst UE feedback, e.g. adapt to the worst CQI or re-transmit data with most NACKs. The implication is that detailed feedback information and a fine-tuned response may not be necessary.
Re-transmissions could be used for both cell-specific and multicell MBMS. However, re-transmissions may only be useful for non-real time services. Depending on how the re-transmissions are handled, co-ordination may also be required between different eNBs. 
Currently, there is no requirement to ensure quality of service for MBMS for all UEs. This was also the case in Rel-6 and therefore no re-transmission was required in UTRAN. Furthermore, for Rel-6 MBMS file transfer applications, the application layer coding introduces a degree of redundancy to help overcome errors on the air interface. These points should also be considered seriously when assessing the need for re-transmissions in eMBMS.
MCS adaptation, like re-transmissions, could also be applied for both cell-specific and multicell transmission. Unlike re-transmissions, MCS adaptation can be done, to some extent, regardless of the delay requirement of the service type. This scheme, however, may be more useful for cell-specific MBMS than multicell MBMS. This is because, for the multicell case, co-ordination of the MCS within the SFN area is required. 

General concerns for MBMS uplink feedback schemes relate to the uplink resource to be used for the feedback and co-ordination of feedback transmission from a multitude of idle and connected UEs.
The issues raised in this section will be discussed in more detail in later on in this document.
3 UEs that need to send feedback

It is not clear whether ALL UEs receiving eMBMS should provide feedback to the network. It is proposed to identify which of the following eMBMS p-t-m UEs need to send feedback:

· idle UEs

· active UEs

· UEs listening to eMBMS on a dedicated MBMS cell

For idle UEs in eMBMS mode, it is only possible to send any feedback via non-synchronised RACH. 

For active UEs, it may be possible to send feedback along with unicast feedback.

For UEs listening to dedicated MBMS cell, if they have also camped on a non-dedicated cell, it may be possible for feedback to be provided via the normal cell. Further study is required on whether these UEs should send feedback.
Summary:

· Idle and active UEs may send feedback
· Active UEs may send eMBMS feedback along with unicast feedback
4 Resources for uplink feedback

In order for any of these schemes to be successful, a mechanism is required to decide which uplink resources to use for the feedback message.

It is generally accepted that not all UEs should transmit feedback, for fear of having a large uplink interference. Consequently, there seems to be some consensus in RAN2 to re-use Rel-6 mechanism for counting, i.e. to use a probability factor to determine if UE should transmit feedback.

The proposal in [1] suggests using a UE and cell-specific scrambling code to send NACK for active UEs. This allows eNB to distinguish NACKs received from different UEs. This is useful if each NACK contains UE-specific information.
Since uplink feedback resource allocation for active unicast UEs has not been fully decided, the uplink eMBMS feedback resource cannot be determined. This is because it is preferred to re-use the same mechanism for unicast and eMBMS users.
For idle UEs, sending UE-specific information would require transmitting non-synchronised RACH, waiting for RACH response and then sending the feedback information. For idle UEs, it may be simpler to send non-UE-specific information for eMBMS feedback. In this case, it may be sufficient for eNB to know there is at least one idle UE that is sending feedback. Therefore, if the feedback is just e.g. a single NACK indicator, it may be possible to reserve one (set of) Random IDs just for eMBMS feedback.
Idle UEs sending eMBMS feedback may have an impact to the loading on RACH. Therefore, it is proposed that idle UEs have a different probability weighting than active UEs, e.g. so that idle UEs have a smaller chance of sending feedback.
Summary:

· A probability factor is needed to determine if UE should send feedback
· One RACH random ID may be reserved for idle UE eMBMS feedback
· A different probability factor may be needed to distinguish idle and active UEs
5 Content of feedback

One possible problem of feedback in eMBMS is when the network receives feedback information with higher level of detail than required. For example:

1) channel quality with fine granularity

2) unnecessarily high frequency of feedback, e.g. NACK sent every TTI

Ultimately, all this detailed information cannot be fully utilised by the network in its response to the UE feedback. Therefore, precision of both the UE feedback and network response will need to be relaxed considerably, when compared with the unicast case. 

For CQI reporting, it is proposed that the simplest approach is taken. For example, only UEs with a minimum level of channel quality should send a CQI report. As mentioned in [4], the UEs with very bad channel quality should not be included, so a threshold will be needed to stop these UEs from sending a CQI report.

In order to further simplify the scheme, it is proposed that a specific range of channel quality is provided and any UE whose channel quality falls within this range could send an indicator. In this way, a specific CQI report may not be needed. eNB may adjust this channel quality indicator range if there are no indicators received from UEs. This channel quality range could be mapped to particular MCS, for example.
MCS adaptation does not have to be performed very frequently, as suggested in [4]. This is especially true in the multicell case and when a large number of UEs are involved. 

For the re-transmission case, it is not so clear which segment of the data needs to be transmitted. It could be possible for UEs to indicate which data was received in error. However, this would seem unnecessarily complex. Instead, it may be possible just to re-use NACK to indicate the data that needs to be re-transmitted, as described below.

[image: image1]
It may be possible to have pre-determined or configurable occasions where NACK may be sent, as shown in the diagram above. These NACK occasions may be periodic or may have some other characteristics. So, when a UE receives data in error between NACK occasions, UE may send a NACK. When the eNB receives the NACK, eNB can easily identify the data that needs to be re-transmitted. 
To help the network decide which data to re-transmit, UEs could send NACK with a probability that is further weighted with the proportion of bad blocks received. For example, the more blocks received in error, the higher probability of sending NACK.

To avoid the need for more than one feedback mechanism, it is proposed to use NACKs rather than CQI report or CQI indication for MCS adaptation. This is because NACKs may also be used for deciding re-transmissions.

Summary:

· MCS adaptation should be infrequent
· NACK transmission probability may be weighted with the proportion of data received in error

· “NACK occasions” may be used to identify which data needs to be re-transmitted
· If adopting both MCS adaptation and re-transmissions, NACKs should be re-used for MCS adaptation. CQI should not be required.
6 Network action 

In the multicell transmission case, when data needs to be re-transmitted, the network needs to decide whether this re-transmission would be performed within one cell, a number of cells or the SFN area. Alternatively, it is possible that re-transmission is always done on a per cell basis.
If the SFN area is quite small, then re-transmission over the entire SFN area may be beneficial compared with re-transmission on a per cell basis. However, if the SFN area is large, e.g. covering an entire city, then re-transmission may be better if performed on a per cell basis, or over a small contiguous subset of cells within the SFN area. If re-transmission of a particular set of data is done over a number of cells, it may be possible for the re-transmission to be SFN-combined within the “sub-SFN area”. 

In the case where re-transmitted data could be SFN-combined, co-ordination between eNBs will be required. If re-transmissions are always done on a per cell basis, co-ordination will not be needed. Re-transmission co-ordination could be incorporated into the eMBMS scheduling co-ordination function. Each eNB may report the section of data they wish to re-transmit to the co-ordination function, which may then assign resources for SFN-combined re-transmission. A short summary is shown in the following table:

	Cells where data is received in error
	Re-transmission scheme
	Inter-eNB co-ordination 

	In one cell only
	Cell-specific
	Not needed

	Same data in a set of contiguous cells
	Subset of SFN area
	Needed

	
	Cell-specific
	Not needed

	Same data in a large proportion of cells
	Entire SFN area
	Needed

	
	Cell-specific
	Not needed


Further study is required on whether any feedback would be required for the re-transmitted data and the number of re-transmissions that are allowed.

When MCS adaptation is applied in the cell-specific case, no MCS co-ordination is required with other eNBs. However, if MCS adaptation is used in an SFN area, co-ordination of the MCS to be used in the SFN area will be needed. eNBs can report the MCS they want to use to the co-ordination function. From this information, the co-ordination function decides which MCS to use in the entire SFN area. A short summary is shown in the following table:

	Region for MCS adaptation
	Inter-eNB co-ordination 

	In one cell only
	Not needed

	SFN area
	Needed


It must be noted that the co-ordination of MCS, if performed during normal eMBMS data transmission, may need a relatively fast response time compared with normal data scheduling co-ordination. This is to ensure that the delay in applying the new MCS is reduced.
7 Advantages and Drawbacks Summary
	Mechanism
	Advantages
	Disadvantages

	Re-transmission
	Allows increased reliability

Can be used for both cell-specific and multicell scenarios
	Increases complexity

Not very useful for e.g. mobile TV services

Re-transmission over an SFN area will require centralised co-ordination

	MCS adaptation
	Allows increased reliability by adapting to the “worst” users

Can be used for both cell-specific and multicell scenarios
	Increases complexity

Central co-ordination of MCS required per SFN area

May not be very useful for large SFN areas, since worst MCS needs to be applied for all cells


8 Conclusion
This document considered in detail several main aspects of uplink feedback for eMBMS.

We think that in order to decide whether to have uplink feedback for eMBMS or not, RAN2 need to carefully weigh the gains of the different proposals against the added complexity, as described in this document.

NEC preference is not to have uplink feedback for eMBMS. However, if RAN2 decides that uplink feedback for eMBMS is indeed required, we believe that only eMBMS feedback related to automatic network configuration/setup of eMBMS settings should be considered. 
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