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1
MBMS Radio Configurations

In the original LS from RAN2 to RAN1 (R2-06xxxx), RAN2 provided the following scenarios:

Technique 1:
Normal PTP Radio Bearer (for one UE)

Technique 2: 
SFN soft combining

Technique 3:
Single cell PTM – No Interference Co-ordination of neighbour cells
Technique 4:
Single cell PTM – UE providing Uplink ACK/NACK feedback 

Technique 5:
Single cell PTM – Interference reduction by not transmitting on neighbour cells

During the discussion of the LS in RAN1, they identified a further scenario:

Technique 6:
Single cell PTM – UE providing Uplink ACK/NACK & CQI feedback

2
Analysis of the MBMS Radio Configurations

It is interesting to understand what each of the Techniques really means from a RAN2 point of view, such that the limitations of the solutions can be included in the simulations of performance. The complexities from a RAN3 perspective of each technique are not described in this document.

All techniques require the use of MCCH which provides information about the services and some of the details on the scheduling, esp. for the MCH based techniques.

2.1
Technique 1 – PTP

The UE is allocated resource on the DL-SCH for the delivery of the IP packets associated with the MBMS service. From a system point of view, the MBMS packets are delivered over just another RB allocated to the UE, and can use H-ARQ retransmissions, MIMO, frequency selective scheduling. MBMS transmissions are scheduled using the L1/L2 control channel using a UE specific identity.

2.2
Technique 2 – PTM-MC (MBSFN)
The MBMS service is provided on the MCH channel in multiple cells. This can be applied in a mixed cell or in a dedicated cell. For the dedicated carrier, no feedback is possible in the uplink, and therefore no further optimisations are supported in the downlink. For the mixed carrier, a feedback solution is possible, however it is assumed that a feedback mechanism would only be introduced if it is reusing the same mechanism as the single cell case (Technique 4 or 6).
Additionally it is assumed that the Interference Avoidance defined in Technique 5, is also applicable for the cells on the boundary of the SFN combining area.

Use of PTM-MC in a cell can be triggered through the use of common uplink channel based reporting (expression of interest; for example number of users exceeded the threshold for PTP (technique 1 or service is ticker-type and therefore always present). 
Mechanisms to turn on/off the MBMS PTM-MC channel and to provide RRC Measurement Reports are seen as independent to the radio configurations (how so? Please see below).
2.3
Technique 3 – PTM-SC

This technique could be seen as either a single cell variant of Technique 2 (i.e. being mapped to the MCH) or a separate technique where the MBMS service is mapped to the DL-SCH. No feedback is possible in the uplink, and therefore no further optimisations are supported in the downlink.

Mechanisms to turn on/off the MBMS PTM-MC channel and to provide RRC Measurement Reports are seen as independent to the radio configurations (same as above; any mechanism permitting this would need to be part of the configuration and would have implications on the RRC state, esp. the use of RRC measurement reports). 

2.4 
Technique 4 - PTM-SC + ACK/NACK

For this technique the MBMS packets are mapped to the MCH or DL-SCH Transport channel, and the ACK/NACK feedback is sent on a common channel. As the feedback is sent on a common channel, timing advance of the uplink ACK/NACK feedback is not required, however the need for more than open loop power control for the uplink if FFS. 
This solution could be used for single cell retransmission, of a multi-cell (MBSFN) transmission. 
2.5 
Technique 5 - PTM-SC + IA
This technique could be seen as either a single cell variant of Technique 2 (MCH) or a separate technique where the MBMS service is mapped to the DL-SCH, this is further discussed in sub-clause 5.1. No feedback is possible in the uplink, and therefore no further optimisations are supported in the downlink. 
This technique may anyway be supported for use with PTM-MC. .
Mechanisms to turn on/off the MBMS PTM-MC channel and to provide RRC Measurement Reports are seen as independent to the radio configurations. 

2.6 
Technique 6 - PTM-SC + ACK/NACK + CQI

There are two main solutions for this technique, for both the MBMS packets could be mapped to the MCH or DL-SCH Transport channel and both solutions could be used for single cell retransmission, of a multi-cell (MBSFN) transmission.
Technique 6A: Common feedback  

In this option the uplink ACK/NACK feedback channel is sent on a Common channel without the need for the UEs to be synchronised to the network in the uplink. Therefore there may be some limitation on the amount of information it is possible to pass (i.e. a limitation in granularity to CQI feedback).

Technique 6B: Dedicated feedback

In this option the uplink ACK/NACK feedback in the form of ACK/NACK and CQI feedback is sent on a dedicated channel, which requires the UEs to be uplink synchronised.

2.7
Summary of Radio Configurations

	
	Technique 1 
	Technique 2
	Technique 3
	Technique 4
	Technique 5
	Technique 6A
	Technique 6B

	Downlink Transport Channel
	DL-SCH
	MCH
	MCH or DL-SCH
	MCH or DL-SCH
	MCH or DL-SCH
	MCH or DL-SCH
	MCH or DL-SCH

	MIMO
	Possible
	Possible/Not Possible?
	Possible/Not Possible?
	Possible/Not Possible?
	Possible/Not Possible?
	Possible?
	Possible?

	UL Feedback Scheme 
	Yes
	No 
	No 
	Yes
	No
	Yes
	Yes

	→ UL ACK/NACK Feedback Channel
	Dedicated
	None
	None
	Common
	None
	Common
	Dedicated Dedicated

	→UL CQI Reporting
	Yes
	No
	No
	No
	No
	No
	Yes

	→ Timing Advance Required
	Yes
	No
	No
	No
	No
	No
	Yes

	→ Uplink Power Control
	Required
	Not Required
	Not Required
	 Required (Open Loop)
	Not Required
	Required (Open Loop)
	Required

	→ Retransmission Method
	H-ARQ & RLC AM possible 
	NA
	NA
	H-ARQ or RLC AM?
	NA
	H-ARQ or RLC AM?
	H-ARQ & RLC AM possible

	→ Frequency Selective
 Scheduling
	Possible
	Not Possible
	Not Possible (no CQI)
	Not Possible
	Not Possible
	Possible
	Possible

	→ Downlink Power Control 
	Possible
	Not Possible
	Not Possible
	Possible
	Not Possible
	Possible
	Possible

	Carrier Type
	Mixed
	Mixed / Dedicated
	Mixed / Dedicated
	Mixed
	Mixed / Dedicated
	Mixed
	Mixed



3
MBMS Reception States 

3.1
Introduction

This section is meant to summarise the options for the RRC states to support each of the Radio Techniques described in the previous section. There seems to be three options for the RRC States, based around the RRC states for Unicast. The RRC states for Unicast can be summarised as follows:
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Any Measurement control during MBMS reception is considered independent to the MBMS RRC states, and is described in sub-clause 4.1.

3.2
MBMS RRC State – Option A

This option for the MBMS RRC State is based around the Unicast RRC Idle PMM Idle state, as there is no requirement during normal MBMS reception for the UE to contact the network for the purpose of MBMS reception. The UE will perform the existing LTE MM and SM procedures independently to the reception of the MBMS bearer. 
The UE is in this state when receiving MBMS using the following Radio Techniques: 
-
Technique 2 

· Technique 3 

· Technique 4 

· Technique 5

· Technique 6A

It is assumed that there is a mechanism for some of these techniques on mixed carrier, where the UE can indicate that it requires reception of a specific MBMS service, and thereby allowing the MBMS transmission area to vary dynamically. It is assumed that this mechanism does not require the UE to leave the RRC Idle PMM Idle state, and therefore is based on either a common uplink channel, or a new message 3 for the RACH procedure, not requiring the UE to establish a RRC connection.

3.3
MBMS RRC State – Option B

This option for the MBMS RRC State is based around the Unicast RRC Connected PMM Idle state. The UE could be in this state when receiving MBMS using the following Radio Techniques: 

-
Technique 1  

· Technique 6B

In this state the P-TMSI of the UE is known in the RAN, however the S1 interface is not established, and therefore the full UE context information is not available, i.e. possibly most importantly not all UE capabilities is expected to be available. The UE will perform the existing LTE MM and SM procedures independently to the reception of the MBMS bearer.  
When the UE has Uplink data to send it is assumed that the UE would send the LTE equivalent of the Service Request message to establish the S1 interface. When the network needs to page the UE, it is assumed that the EPC will page using the P-TMSI across the Tracking Areas, and that the eNodeB may complete some paging co-ordination, matching the Paging message to C-RNTI and notifying the UE, however the solution for MBMS should align to the solution for the Unicast. 
3.4
MBMS RRC State – Option C

This option for the MBMS RRC State is based around the Unicast RRC Connected PMM Idle state. The UE could be in this state when receiving MBMS using the following Radio Techniques: 

-
Technique 1  

· Technique 6B

In this state the UE has an S1 interface established, the UE context is stored in the eNodeB, and the Radio security procedures have been performed. In this case the full UE context is downloaded to the eNodeB, and therefore the eNodeB has the full UE capability available. The UE will treats itself as being in LTE-ACTIVE state and performs the existing LTE MM and SM procedures in line with their use in LTE-ACTIVE.
3.5
Comparison of MBMS RRC with Unicast RRC States

The RRC states are the minimum requirements for the UE receiving MBMS. So if the UE is performing a Unicast activity in parallel to the reception of MBMS, then the requirements from the MBMS reception can be seen as incremental to unciast. 
The following table illustrates the requirements of the UE states for non-MBMS and MBMS. 

	
	RRC_Idle
State/PMM Idle
	RRC Connected /PMM Idle
	RRC Connected
State/PMM Connected
	MBMS RRC State – Option A 
	MBMS RRC State – Option B
	MBMS RRC State – Option C

	Mobility
	UE Controlled
	UE Controlled
	Network Controlled
	UE Controlled
	UE Controlled / Network Controlled
	Network Controlled

	C-RNTI Allocated
	No
	Yes
	Yes
	No

	Yes
	Yes

	Paging/Mobility Area
	TA
	eNodeB / UE -Cell 

EPC - TA

(NOTE 1)
	Cell
	TA
	eNodeB / UE -Cell

EPC - TA

(NOTE 1)
	Cell

	Paging/Scheduling ID (for notification of downlink unicast packet or signalling).
	Paging with P-TMSI
	Paging with P-TMSI
Or Scheduling on C-RNTI?
	Scheduling on C-RNTI
	Paging with P-TMSI
	Paging with P-TMSI
Or Scheduling on C-RNTI?
	Scheduling on C-RNTI

	RAN Security Procedures Performed
	No
	No
	Yes
	No
	No
	Yes

	S1 connection
	No
	No
	Yes
	No
	No
	Yes

	Measurement Control
	No
	Possibly
	Yes
	Possibly (If we agree Idle mode Measurement Control for MBMS)
	Possibly
	Yes

	UE context stored in RAN
	No
	Partly
	Yes
	No
	Partly
	Yes

	UE capability known in RAN
	No
	No 
	Yes
	No
	Partly?
	Yes

	RBs supported
	
	
	
	PTM-MC / PTM-SC
	PTM-MC / PTM-SC / PTP
	PTM-MC / PTM-SC / PTP


Table 1: Illustration of characteristics of the different UE states

NOTE 1: Paging/Mobility Area from EPC perspective is at the TA level, whereas the eNodeB may perform paging co-ordination for the UE in these states (which is still to be discussed) and therefore in this case the UE and eNodeB Paging/Mobility Area would be at the cell level. The design for MBMS should align to the scheme design for the unicast.
4
Other Aspects

4.1
Idle mode Measurement Control

It should be possible for each of the techniques to have a separate mechanism to trigger the UE to inform the network when the quality is falling below a network signalled threshold. 
For the Mixed Carrier case, it is assumed that this mechanism would use the message 3 of the Random Access procedure to provide the necessary information, in this way the UE is not required to enter RRC connected state.
4.2
Turning on or off the MBMS Transmission
The ability to turn on or turn off the MBMS transmission in some cells is essential to ensure efficiency of MBMS services over large areas. 
The selection of the mechanism to be used to enable the transmission could be dependent on the use (or misuse) of an uplink feedback channel, but as a default the solution should be based on an MBMS specific message, sent as message 3 of the access procedure for mobiles in LTE_IDLE, or sent by the UE on it uplink control channel.
5
Additional aspects of the design 

5.1
Evaluation of Feedback channels

What are we trying to achieve with the use of Uplink ACK/NACK feedback channels?

· H-ARQ retransmissions?

· ARQ retransmissions?

· Coding Scheme modification?

*** It is proposed that the feedback channels should be evaluated for performance, interference and for scalability in the region of approximately 1-10 UEs providing uplink ACK/NACK feedback. When a cell contains more than ~10 UEs, it is assumed that the uplink ACK/NACK feedback channel can be disabled in that cell.

5.2
Common Feedback Channel

It has been proposed in a number of contributions that NACKs are sent depending on probability, it needs to be understood what limitation this has on the bearer performance for each UE. It some mechanism may be needed to control the number of NACKs produced by a UE.

What inefficiency is cause due to any reduction in CQI granularity (i.e. compared to unicast)?

It could be possible to provide some CQI feedback based on the RACH channel, allocating different codes to different CQI values on the MCCH, allowing the UE to provide CQI information if the CQI matches the configured value.

Do we require more than open loop power control for the uplink transmissions to avoid excessive interference, and excessive power consumption in the terminals?

It is assumed that some UE specific power control is required to avoid excessive interference.

To answer the above questions we need to understand what is feasible for design of the common uplink ACK/NACK feedback channel. The following common uplink channels have been proposed:

The common Feedback Channel consists of the following options:

Option i):

- Allocate a dedicated uplink RACH channel for the use by the MBMS bearers allocated in the downlink.

- For the RACH channel, a number of Preambles/codes are reserved for each service (depending on the number of services). These preambles/codes are used to provide H-ARQ and CQI feedback.

Option ii):

- Allocate a dedicated uplink RACH channel for the use by the MBMS bearers allocated in the downlink.

- For the RACH channel, a number of Preambles/codes are reserved for each service (depending on the number of services). These preambles/codes are used to provide ARQ feedback.

5.3
Dedicated Feedback Channel

A number of contributions refer to the dedicated feedback channels for each UEs, which will require the UEs to maintain uplink synchronisation with the network. As timing advance is maintained, uplink power control is possible, however this does require the UE to be tracked by the eNodeB, requiring some sort of RRC connection (i.e. light or full) and therefore the eNodeB needs to maintain a cell specific UE context. 

A different uplink control channel structure than that used for the DL-SCH may be needed to allow multiple uplink HARQ feedback for each downlink transmission. 

Is it feasible for the system to allocate additional resources for the uplink ACK/NACK feedback, such that the same level of feedback as unicast can be provided by multiple UEs, i.e. can x UEs provide HARQ feedback every TTI, and CQI feedback every 1-10ms, however the scalability of  uplink resource needs to be studied.
5.4
MCH vs. DL-SCH for PTM-SC

If there is very little similarity between the mechanism to provide the HARQ feedback and CQI reporting for the DL-SCH and the MBMS PTM-SC, then it seems that the MBMS PTM channel for single cell should be compared to the MBMS PTM channel for the multi cell case, i.e. the MCH. 
If there is little inefficiency when using this configuration for a single cell, then there may be benefits in terms of complexity reduction if only a single transport channel is used for the PTM in single cell and multi-cell modes.
6.
Analysis of Solutions

This section compares only the solutions which have proposed, rather than dealing with all the solutions.
6.1
Solution based on Technique 1 / RRC Option B
As the UE is in (a light) RRC connected state it introduces some additional complexity into the design, and requires the eNodeB to maintain context information for each UE receiving MBMS during this technique. The (light) RRC connection does however provide an inherent counting mechanism, which therefore means a lower complexity incurred in aspect than other techniques.
In the case where there are low numbers of UEs interested in a service in an area, this technique provides the best radio efficiency. It is assumed that there will be a requirement for some services to coverage across a wide area, and therefore some areas will require the use of a technique which provides radio efficient solution for low user numbers.
Multiple UEs (up to some threshold) in a cell receiving service through this technique, would each require a separate radio bearer mapped to the DL-SCH and the use of L1/L2 control channel resources. Uplink channels are needed to enable ACK/NACK feedback and CQI reporting from each UE.
6.2
Solution based on Technique 2 / RRC Option A
This solution requires significant numbers of cells to meet the level of radio resource efficiency quoted. Some of the simulations assumption used 3 tiers of neighbour cells, which means for the single cell case, 37 cells to be transmitting to achieve the radio efficiency.
For the case where a transmission maybe needed across a wide area, for this technique only a low UE density is require to have a satisfactory radio efficiency.

6.3
Solution based on Technique 3 / RRC Option A
This solution could be seen as a subset of Technique 2. This solution has poor radio performance, and therefore cannot be relied upon to be the only solution for the small service areas.
6.4
Solution based on Technique 4 / RRC Option A
This technique does not require the UE to move into RRC connected, and therefore ideally should be less complex. However if the UE moves into RRC connected state, the uplink feedback channel may fall outside of the UE capability, and therefore the efficiency of the technique would be reduced, or the complexity of the solution would be increased.

The ACK/NACK channels for each or a fraction of UEs would need to be configured. For common channel based feedback (most likely candidate from efficiency standpoint) feedback payload is a limited. The ACK/NACK feedback is sent on a RACH-like waveform. 
Depending on the available resource for the transmission, the ACK/NACK delivery may be rendered aperiodic, with a single uplink transmission potentially including several ACKs or NACKs from different TBs. If this is the case it may dramatically affect the radio resource efficiency of the downlink as the ability to use H-ARQ combining techniques may not be possible, or there be additional complexity imposed on the terminals due to the handling of a higher number of simultaneous H-ARQ instances.
If the feedback is not ideal, this needs to be factored into the RAN1 simulations, and therefore may rule this solution out as it provides insufficient efficiency.
6.5
Solution based on Technique 5 / RRC Option A
This solution could be seen as a subset of Technique 2. This solution has better radio performance than Technique 3 however it cannot be relied upon to be the only solution for the small service areas.

There is incurred architectural complexity from the need to turn off neighbours or lower the interference, and it also implies that overall system throughput maybe affected (depending on power requirements/load of neighbour cells.
6.6
Solution based on Technique 6A / RRC Option A
This solution is very similar to Technique 4, i.e. a common uplink feedback channel based on RACH-like waveforms, and the only difference is the amount of information which can be passed using the uplink feedback channel. 
As discussed in Technique 4, there is a concern regarding how frequently the uplink feedback can be provided, and what limitations there are in radio efficiency of the bearer.
What limitations are imposed on the CQI information compared to the Unicast technique, from sending this information on the common uplink channel? How does this translate to a reduction in radio resource efficiency?
6.7
Solution based on Technique 6B / RRC Option B
This solution is based on a shared downlink transmission on the DL-SCH or the MCH. Each UE is provided with its own dedicated opportunity to transmit H-ARQ ACK/NACK and CQI feedback to the network, aligning as much as possible with the solution designed for the Unicast.
This technique requires the UE to be synchronised to the network in the uplink, and also should the same power control mechanism as the unicast case. 
As the UE is in (a light) RRC connected state it introduces some additional complexity into the design, and requires the eNodeB to maintain context information for each UE receiving MBMS during this technique. The (light) RRC connection does however provide an inherent counting mechanism, which therefore means a lower complexity incurred in aspect than other techniques.
7
Proposal for way forward
A number of solutions for E-MBMS have been discussed above, all of which can work, but which provides the correct balance of radio efficiency, deployment flexibility and implementation simplicity?

7.1
Proposal 1 (PTP + MBSFN)
A combination of PTP (Technique 1) and MBSFN (Technique 2), and the RRC state being based on the RRC Option A and RRC Option B, depending on a cell indication for the service. This proposal is similar to Rel-6 MBMS. The mechanism defined for the counting procedures would be based on a similar procedure as that used for the allocation of the PTP RB.
This proposal requires the eNodeB to track the UEs at the cell level, but this may be less of a problem than in 3G due to the much lower number of cells controlled by the eNodeB, compared to the RNC.
For this proposal, channel switching between PTP and MBSFN would be included in the standard, but the complexity in terms of network implementation (i.e. MCE co-ordination) could be avoided for some networks if not required (for their services).
7.2
Proposal 2 (PTM with dedicated feedback + MBSFN)
A combination of MBSFN (Techniques 2) and PTM + Dedicated ACK/NACK&CQI (Technique 6B) and the RRC state being based on the RRC Option A and RRC Option B, depending on a cell indication for the service. The mechanism defined for the counting procedures would be based on a similar procedure as that used for the dedicated feedback channel allocation.
This proposal, as with Proposal 1, requires the network to track the UE at the cell level. This proposal however does provide the performance gains required to handle the edge of the MBSFN area in a graceful manner, which is a significant benefit over Proposal 1.
The switching between the two techniques of this proposal is considered simpler to Proposal 1. The Technique 6B is assumed to be less efficient to Technique 1 for the single UE case, however the Technique 6B is assumed to be more efficient for the few (and more) UE case.
7.3
Proposal 3 (PTM with common feedback + MBSFN)
This proposal is a combination of MBSFN (Techniques 2) and PTM + Common ACK/NACK (&CQI) (Technique 4 or 6A) techniques and the RRC state would be based on RRC Option A. The mechanism defined for the counting procedures would be based either on a RACH-like mechanism based on the defined back channel or a message 3 on the Access Procedure.

This solution is the simplest, and allows the MBSFN and PTM + Feedback techniques to be more aligned, but maybe to be less radio efficient. As with Proposal 2, this proposal also handles the edge of the MBSFN area in a graceful manner.
7.4
Way forward

Note: The following is not agreed, but included to prompt discussion (although it did not trigger discussion on the reflector):
It is suggested that we adopt proposal 2 as a working assumption, and define a solution where the dedicated feedback in the uplink is provided to allow H-ARQ retransmissions for up to 8-10 UEs.

This suggestion is on the basis that a mechanism to handle the edge of the SFN is probably required, and that the radio efficiency of Proposal 3 in reality is likely to be limited by the frequency of the uplink feedback channel.
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