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1. Introduction

During early discussions of the “dedicated carrier” concept for E-MBMS, RAN2 agreed that there would be no uplink signalling associated with E-MBMS reception from a dedicated carrier.  This document revisits this agreement and describes some use cases in which this uplink signalling would be useful.
2. Discussion

2.1. Use cases

Although it might seem strange to perform uplink message for a dedicated carrier, there are certain cases in which it could be useful, e.g. counting as in the following cases
· Coverage of a sparse area: If many cells have no users receiving most services, the operator might desire to switch off transmission of unattended services to conserve power.

· Service overloading: If the area covered by the dedicated carrier is not especially large, it might be very likely that the operator can offer more services than there is bandwidth for, with the assumption that a percentage of the services at any given time will have no interested users.

In the second case, it might even be desirable to count users in some detail rather than merely polling, so that in the rare cases where too many services are requested, the least popular services can be dropped (or even transmitted using a non-MBMS bearer on a unicast carrier, as shown in Figure 1).
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Figure 1: Unicast failover in case of service overloading
In the first situation shown in Figure 1, although the network could theoretically offer five services, the blue and purple services have no interested users and so are not transmitted.  However, in the overcommitted situation, interested users exist for all five services, but the dedicated carrier only has radio resources to transmit four of them; the red service, being the least popular, is relocated to the unicast carrier, where it is delivered over a non-MBMS IP bearer to the one interested user.  (MBMS bearers on a mixed carrier would also be a possibility.)  Clearly, this sort of arrangement is impossible unless counting can be performed for users on the dedicated carrier.

More generally, it seems there is no strong technical reason to prohibit uplink message for a dedicated carrier.  During the discussions that led to this decision, the strongest concern was that the serving (unicast) eNB may not itself support E-MBMS; we address this situation below.
2.2. Requirements on the UE

Of course, since the dedicated carrier consists of an unpaired downlink, the uplink signalling must take place on a “normal” carrier (either unicast or mixed).  This requirement suggests that the involved mobiles should generally be dual-receiver (although it might be theoretically possible for a single-receiver UE to “hop” between the two carriers, at the cost of possibly missing some MBMS data).
For uplink message to be useful, take counting as an example, it must be a required behaviour for all UEs that could receive the concerned service.  Therefore, networks collecting uplink message information for a dedicated carrier would need to ensure that all UEs to which they might serve MBMS content would be capable of performing uplink message in these circumstances.  What actual requirements would ensure this behaviour is a matter for discussion; it is almost certainly not agreeable to require all E-MBMS-capable UEs to have a dual receiver, for instance, but certain deployments might pose this requirement on their own E-MBMS UEs.  Conceivably, the ability to perform uplink message for a service on a dedicated carrier could be a UE capability, but it is not obvious if this approach would always give the network the necessary information (e.g., for UEs in RRC_IDLE, whose capabilities may not be known to the serving eNode B).
2.3. Network implementation aspects

In some cases of uplink messaging for a dedicated carrier, the MCE or other higher network entities need to be involved.  For example, in the overload situation shown in Figure 1, some entity within the network must take the decision to move the red service onto the mixed carrier.  Depending on network implementation, this decision might or might not involve the MCE directly.

Since it is widely understood that no signalling protocol exists between the UE and the MCE, communication would need to take place between the eNode B and the MCE, e.g., as suggested in Figure 1 of [1].  This model poses no particular difficulty in case the serving eNode B is E-MBMS-capable and already connected to the serving MCE.
However, it is reasonably likely that the MCE controlling a dedicated carrier could have no direct interfaces with eNode Bs belonging to a different carrier.  In such a case messaging within the network would need to take place as indicated in Figure 2 of [2], with the serving eNode B communicating over the X2 interface (or conceivably even a “virtual X2” carried by the S1 interface) to another eNode B that is known in advance to have connectivity to the MCE.

While these procedures, and especially the “relay” behaviour involving a second eNode B, pose some requirements on the eNode B implementation, these requirements should not be onerous.  The details would need to be discussed by RAN3, but at a high level we identify the following requirements:

· All eNode Bs in the network must be aware of the specific uplink messaging procedure;

· Any eNode B must be able to send a message to the MCE that controls any service on any (nearly) collocated cell of the dedicated carrier, either directly or by relaying;

· An eNode B must be able to determine which MCE is the correct recipient. 

The first requirement is especially significant since some eNode Bs may not themselves support E-MBMS transmission; nevertheless, for uplink messaging to function, even these “non-MBMS” eNode Bs must be able to process uplink messaging responses.  The exact method that the eNode Bs use is probably a matter for implementation, though it could have some implications for network-interface specifications (e.g., if it were decided to use an explicit relaying protocol that required interface support).  These issues are really outside RAN2 scope.
2.4. Specification impact
The impact of enabling uplink mesaging for dedicated carrier transmission E-MBMS on the current stage 2 spec would be minimal. The attached text proposal removes the text in the stage 2 that prohibits this functionality in a multi-cell environment.
For the network aspects, some support on the S1 interface could be necessary.  This may require further discussion in RAN3.
3. Conclusion

We propose that RAN2 adopt the attached text proposal to enable uplink messaging for UEs receiving E-MBMS services on a dedicated carrier.
4. Proposal

It is proposed that the following changes be adopted in TR 36.300. Changes are highlighted in red.
<< Start Changes in TR 36.300 >>

15.2.1
MBMS-dedicated cell

When a cell belongs to a frequency layer dedicated to MBMS transmission:

-
MTCH and MCCH are mapped on MCH or DL-SCH (FFS) for p-t-m transmission;

-
No uplink;
-
No counting mechanism in another (unicast) cell supported;
-
No support for unicast data transfer in the cell;

-
The occurrence of paging messages on the frequency layer dedicated to MBMS transmission is FFS:

-
If paging messages were allowed, the UE could answer in a non-E-UTRA cell e.g. UTRA cell (FFS);
15.2.2
MBMS/Unicast-mixed cell

When a cell does not belong to a frequency layer dedicated to MBMS transmission:

-
MTCH and MCCH are mapped on MCH or DL-SCH for p-t-m transmission;

-
Transmission of both unicast and MBMS in the cell is done in a co-ordinated manner.

15.3
MBMS Transmission

15.3.1
General

Transmission of MBMS in E-UTRAN is either a single-cell transmission or a multi-cell transmission. In both cases, MCCH terminates at the eNB.

To avoid unnecessary MBMS transmission on MTCH in a cell where there is no MBMS user, MCCH announces only the availability of MBMS service(s) and the network can detect the presence in a cell of at least one MBMS user interested in the MBMS service (e.g. by uplink message from UE or by polling or through UE service request) before starting the transmission on MTCH. It is FFS whether or not it is needed to count to a greater granularity the number of UEs in a cell interested in an MBMS service.

15.3.2
Single-cell transmission

Single-cell transmission of MBMS is characterized by:

-
MBMS is transmitted only on the coverage of a specific cell;

-
Combining of MBMS transmission from multiple cells is not supported;

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;

-
Scheduling is done by the eNB;

-
Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.

-
UEs that are allocated a dedicated uplink feedback channel are in RRC_CONNECTED state.

For single-cell transmission, an eNB is not required to comply with the stringent timing requirements indicated by SYNC protocol. The following principles still applies for the single transmission:

1. 
An E-MBMS GW sends/broadcasts MBMS packet with the SYNC protocol to each eNB transmitting the service.

2.
The SYNC protocol provides additional information so that the eNBs identify the transmission radio frame(s). The E-MBMS GW does not need accurate knowledge of radio resource allocation in terms of exact time division (e.g. exact start time of the radio frame transmission).  

3. 
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB, without taking into account any indication in the SYNC protocol..

NOTE:
The usage of SYNC protocol for single cell localized services is for further study.  
15.3.3
Multi-cell transmission

Multi-cell transmission of MBMS is characterized by:

-
Synchronous transmission of MBMS within its MBSFN Area;

-
Combining of MBMS transmission from multiple cells is supported;

-
MTCH and MCCH are mapped on MCH for p-t-m transmission;

-
The MBSFN Transmitting, Advertising, and Reserved cells are either semi-statically configured e.g. by O&M (MBMS-dedicated cell or MBMS/Unicast-mixed cell), or are dynamically adjusted (MBMS/Unicast-mixed cell) e.g. based on counting mechanisms (FFS) and uplink messages from UE.
-
The MBSFN Synchronization Area is semi-statically configured e.g. by O&M. The MBSFN Area can be semi-statically configured by O&M or (FFS) dynamically configured by MCE.

-
Scheduling is done by the MBMS Coordination Entity (MCE).

-
AMC based on non-AS level feedback is FFS.

<< End Changes  >>
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