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1
Introduction

In 25.913 [1], it’s stated that E-UTRA broadcast transmission shall be supported on a dedicated carrier for broadcast traffic or a shared carrier with unicast traffic. In 25.814 [2], it’s stated that in E-MBMS dedicated carrier solution, MBMS data can be sent on a separate carrier not carrying anything other than broadcast/MBMS related information.

This document discusses some important issues related to E-MBMS dedicated carrier solution.
2
Discussion
To reduce the deployment cost for E-MBMS, larger cell and higher power transmitter might be used for broadcasting service. For this deployment, dedicated carrier solution is naturally used to reduce interference and reduce the complexity of the system, and thus it’s necessary to think about how to simplify and optimize the E-MBMS solution and at the same time with the performance requirement be met.

For MBMS dedicated carrier solution, there are two deployment scenarios as illustrated in Figure1. One is the downlink only mode, and the other is downlink and uplink mixed mode.
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Figure1. Two types mode of dedicated carrier

In downlink only mode, UE only receives MBMS service from dedicated carrier (as Figure 1(a)) with no uplink. UE can use unicast carrier to transmit uplink information. In downlink and uplink mixed mode, UE can receive MBMS service from broadcast carrier (as Figure 1(b)), and the interactive part of broadcast service can be transmitted through unicast carrier which sharing with unicast service. E.g. the voting to program, order program. 

In this proposal, we only discuss the downlink only mode for it can be used in large cell.

Proposal: MBMS dedicated carrier only support downlink only mode.

2.1 UE capability

In MBMS dedicated carrier solution, MBMS service may be transmitted on dedicated carrier, and unicast service is transmitted on different carrier (we call it normal carrier). For UE of single receiver, UE will not receive unicast and MBMS service simultaneously. And the corresponding procedures may be complex, or example, the switching between unicast service and MBMS service and mobility management procedure. The advantage of single receiver includes low cost, low power consumption. For UE of multi receiver, UE can receive unicast service and MBMS service simultaneously. And the related procedures are simpler.  But the multi-receiver means higher cost, and higher power consumption.

We think that single receiver UE should be mandatory and multi-receiver UE is optional. So in the dedicated carrier mode, simultaneous reception of unicast service and the MBMS is not always required. However the MBMS dedicated carrier solution should support these two types of UEs.
Proposal: MBMS dedicated carrier solution should support single receiver UE which is used for the baseline. 

2.2 Single-Cell Transmission and Multi-Cell Transmission 
From 25.814 [2], we know that LTE MBMS transmissions can be performed in the following two ways: Multi-Cell Transmission and Single-Cell Transmission. In case of single-cell transmission, the MBMS traffic channel (MTCH) may be mapped to the DL shared data channel (DL-SCH). In case of multi-cell transmissions, the MTCH may be mapped to MCH. MCH can perform L1 combining. Using MCH in dedicated carrier, the scheduling is simpler. For DL-SCH, it cannot perform L1 combining, so the cell edge performance of broadcast service is degraded. If dedicated carrier solution with DL-SCH is used, to improve the cell edge performance, for example, some extra specific interference mitigation mechanisms might be designed instead of reusing the existing ones for unicast carrier. And thus if single cell transmission is carried on DL-SCH, we prefer the MBMS service with single cell transmission is shared with unicast service on unicast carrier. But whether or not MCH is used to carry MBMS service in case of single cell transmission is implementation-depended.

Proposal: Dedicated carrier only applies MCH to carry MBMS service. 

2.3 UE actions between dedicated carrier and unicast carrier

Note that the MBMS service and unicast services are provided on different carriers, the relevant and maybe different signalling for MBMS service on the dedicated carrier should be transmitted on both carriers.
There is no UE camping on the dedicated carrier downlink only because there is no cell/TA updating. E-UTRAN uses some mechanism, which might be also named as FLC but has different meaning with rel6, to request UEs to listen to the dedicated carrier from time to time on which the E-MBMS service is intended to transmit but still stay on the camped carrier. In case of UE is listening to non-MBMS service on the unicast bearer, whether or not UE listens to MBMS depends on the results of service prioritization. After E-MBMS Session Stops, UEs return to their camped unicast carriers automatically, this is different from MBMS Rel6.
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Figure2. UE actions between dedicated carrier and unicast carrier
(1) UE camps on unicast carrier and the dedicated carrier related information is sent on unicast carrier. When an MBMS session starts, the notification is sent on unicast carrier. If UE is interested in this service, it will select the dedicated carrier and listen to the system information of the dedicated carrier for MBMS RB configuration. In case  of UE is listening non-MBMS on the unicast bearer, UE needs to perform prioritization before listening the system information on the dedicated carrier.
(2) From the RB configuration information, UE knows the scheduling pattern of the interested MBMS service. UEs return to the camped unicast carrier in the scheduling gap and listen to the beginning of scheduling data stream again. How to reduce the frequency of ping-pong between two carriers should be investigated at WI phase.

(3) At MBMS Session stop, UE returns to the camped unicast carrier.

(4) For multi-receiver UE, it only performs (1) and (3), there is no hop between these two carriers.

Proposal: UE only camps on unicast carrier and perform frequency switching when it needs to receive MBMS service data. The service prioritization and relevant procedures need to be investigated further in LTE

2.4 non-MBMS service receptions on MBMS dedicated carrier

During an ongoing E-MBMS session, a UE may originate or be terminated a unicast service on MBMS dedicated carrier. 
Scenario1: UE originates a unicast service when UE listens to MBMS service on dedicated carrier

In this scenario, UE may perform the Service prioritisation procedure by upper layers at first. If the unicast service is of higher priority, the UE returns to the camped unicast carrier and initiates the unicast service.

Scenario2: UE is terminated a unicast service when UE listens to MBMS service on MBMS dedicated carrier
When UE is terminated a unicast service, E-UTRAN will inform UEs through paging. There are two options to perform paging: paging on dedicated carrier or paging on unicast carrier.

Option 1: paging on dedicated carrier
E-UTRAN pages UEs on dedicated carrier. And after one UE receiving the paging information, it shall perform the service prioritisation procedure. If UE selects the unicast service, it returns to camped unicast carrier. And the UE responses to the paging information on the unicast carrier. Additionally, to perform service prioritisation, paging information may need to expand to provide enough information for UE to perform the service prioritisation (FFS). 

If UE is in idle mode, E-UTRAN cannot know the location of UE, E-UTRAN should page the UE in the scale of the TA include dedicated carrier and unicast carrier.

Pro:

(1) UE need not return to camped unicast carrier frequently (see figure 2), it may be power saving.

Con:

(1) If there is paging channel on dedicated carrier, the dedicated carrier cells should be included in all the relevant TA for idle mode UEs. If the cell size of dedicated carrier is very large, it’s possible that all the paging information of the UEs in the neighbouring cell should be transmitted on the paging channel of the dedicated carrier and the capacity requirement for paging channel on dedicated carrier might be larger than that on unicast carrier.

Option 2: paging on unicast carrier.

If UE is of multi-receiver, it can listen to dedicated and unicast carrier simultaneously. So we only discuss the single receiver. In this case, UE will return to unicast carrier and listen to the paging information periodically.  Some mechanisms are necessary to reduce switch frequency:

1) TDM is preferred for different MBMS service on dedicated carrier. 

2) DRX mechanism is used for UEs to listen to the paging channel on unicast carrier

3) Gaps of DRX mechanism is decided by the scheduler, which is related to scheduling and gaps for listening to paging channel is determined by eNB.

4) To perform service prioritisation as quickly as possible, paging information may need to expand to provide enough information for UE to perform the service prioritisation (FFS).

Pro:

(1) The paging scope is much small, it reduces the capacity requirement for paging channel.

(2) Simplify the structure for MBMS dedicated carrier.

Con:

(1) UE must return to unicast carrier to listen the paging information during the gap. Sometimes it is inefficacy and waste power.

Comparing these two options, option 2 is the best. 

Proposal: In the MBMS dedicated carrier solution, paging on unicast carrier is preferable.

2.5 Counting and re-counting
At the RAN2#53 meeting, it is agreed that counting procedure in LTE MBMS should be reserved, and precise counting may not be needed because eNB only needs to know that at least one UE in the cell is interested in the MBMS service.
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Figure3. Deployment Scenario of MBMS dedicated carrier
In MBMS dedicated carrier solution, the size of cell might be much larger, for downlink only mode, there is no uplink to perform counting response. There are two options here:

Option1:

UE can use camped unicast carrier to perform counting/recounting before MBMS data transfer or during the gap of MBMS session scheduling.

As figure 3, if dedicated carrier and camped unicast carrier are in same eNB, the counting result can deal with in eNB. If dedicated carrier and camped unicast carrier are not in same eNB, the counting result can deal with through X2 interface or aGW, this should be investigated.

Option2:

It does not use counting and recounting procedure in MBMS dedicated carrier solution. And the transmission mode of dedicated carrier is p-t-m only, even though the p-t-p mode is existed in LTE.

Proposal: To simplify the dedicated carrier solution, the transmission mode of dedicated carrier is p-t-m only, and there is no counting/recounting procedure. 

2.6 Channel structure for MBMS dedicated carrier

On MBMS dedicated carrier, the synchronisation channel (SynCH) and pilot channel (CPICH) is necessary. Other channels may be dependent on dedicated carrier mode and other considerations. See figure 4 as below (in grey the items for FFS).
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Figure4. Channel configuration for downlink only mode
Proposal: In dedicated downlink only mode, SynCH, CPICH, BCH, and MCH are necessary.

3
Conclusions

In short, we put forth some proposals on what does LTE MBMS dedicated carrier mode mean, and we recommend investigating them further and having them included in the corresponding reports.

References:

[1] 25.913, Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)

[2] 25.814, Physical layer aspect for evolved UTRA

Text proposal to TR25.913

7.5
Further Enhanced MBMS

E-UTRA systems should support enhanced MBMS modes compared to UTRA operation.
Further requirements applicable to MBMS systems are:

As for the unicast case, E-UTRA should be capable of achieving the target performance levels when operating from the same site locations as existing UTRA systems.
Note:
In sections referring to MBMS requirements, the term “broadcast” means “point-to-multipoint”

For broadcast transmission, E-UTRA should be capable of achieving the following target performance level at cell edge when operating from the same site locations as existing UTRA systems:

In the deployment scenario where a dedicated carrier is used for broadcast only:

-
When operating with the same content for all cells or for a group of cells broadcasting MBMS, the target performance level is FFS. Additionally techniques to improve the cell edge performance should be studied.   

Note:
In Broadcast mode E-UTRA MBMS should aim the cell edge spectrum efficiency of [1 bit/s/Hz] equivalent to the support at least [16] Mobile TV channels at around [300 kbps] per channel in a 5 MHz carrier in an urban or suburban environment.

· When operating with cell specific content the target performance level is FFS.
· The downlink only mode should be investigated.

In the deployment scenario where a carrier is shared between broadcast & unicast traffic:

-
The target performance at cell edge for broadcast traffic should be in line with the existing target performance for the unicast traffic.

Note:
Additionally techniques to improve the cell edge performance without modifying the system designed for unicast could be used.

Interruption time requirements:

It is understood than the total service interruption perceived by the user is caused by different factors: E-UTRAN, CN, Application. The following targets only concern the E-UTRAN part. 

The following requirements should be based on the response from SA on the overall service requirements requested in LS to TSG SA on service requirements for LTE MBMS (Tdoc06-0216). 

a)
The interruption time when changing between two broadcast streams (e.g.: two TV Channels) received in the same cell should be less than FFS.

b)
The interruption time when changing between a broadcast stream and a unicast stream of the same service type  (e.g.: TV Channel) received in the same cell should be less than FFS. 

c)
The interruption time when changing between two broadcast streams (e.g.: two TV Channels) received on different carriers should be less than  FFS. 

d)
The interruption time when changing between a broadcast stream and a unicast stream of the same service type (e.g.: TV Channel) but received on different carriers should be less than FFS.
e)
The interruption time when changing between a broadcast stream on one cell and a unicast stream of the same service (e.g.: same TV Channel) on a different cell, but received on the same carrier, should be less than FFS.
E-UTRA should provide enhanced support for MBMS services. Specifically, E-UTRA support for MBMS should take the following requirements into account:

a)
Physical Layer Component Re-use – in order to reduce E-UTRA terminal complexity, the same fundamental modulation, coding and multiple access approaches used for unicast operation should apply to MBMS services, and the same UE bandwidth mode set supported for unicast operation should be applicable to MBMS operation.
E-UTRA broadcast transmission shall be supported on a dedicated carrier for broadcast traffic or a carrier shared (in Frequency or Time Domain) with unicast traffic.
E-UTRA broadcast transmission should use the same fundamental modulation, coding and multiple access whether it is deployed on dedicated carrier or a carrier shared with unicast.

Note:
In the case of broadcast transmission being supported on a dedicated MBMS carrier, modifications aiming at a simpler solution optimised for Downlink-only traffic and reducing UE complexity whilst maximising the usage of the radio resource should show a clear benefit.

b)
Voice and MBMS – the E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated voice and MBMS services to the user. For MBMS dedicated carrier, this requirement is not need.
c)
Data and MBMS – The E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated data and MBMS services to the user. For MBMS dedicated carrier, this requirement is not need.
d)
Unpaired MBMS Operation – the deployment of E-UTRA carriers bearing MBMS services in unpaired spectrum arrangements should be supported

Text proposal to TR25.813
11
MBMS

This subclause provides an overview on MBMS in E-UTRA/E-UTRAN.

11.1
MBMS principles

The E-UTRA/E-UTRAN supports the following principles for MBMS:

-
E-UTRA/E-UTRAN should permit simultaneous, tightly integrated and efficient provisioning of dedicated (unicast) and MBMS services to the user;

-
MBMS transmissions from several eNBs may be co-ordinated. Co-ordination of MBMS transmissions with SFNs may be done in several eNBs of an SFN area. SFNs may be differently defined in multiple SFN areas.

-
To avoid unnecessary MBMS transmission in a cell where there is no MBMS user, the network may detect at least one MBMS user interested in the MBMS service in the cell e.g. by polling. It is FFS whether or not it is needed to count the precise number of UEs interested in an MBMS service;

-
UEs in either RRC IDLE or RRC CONNECTED mode are allowed to receive an interested MBMS service;

-
The scheduler may take into account UE capability and MBMS transmission to allow for simultaneous reception of unicast and broadcast services;

-
TDM multiplexing of all MBMS services in one cell should be supported. This allows as low duty cycle as possible in the UE;

-
The PDCP layer performs header compression for MBMS transmission;

-
Single-cell services e.g. like CBS and multi-cell services e.g. with SFN may be supported by different transmission mechanisms;

-
MBMS may be provided on a carrier dedicated to MBMS as well as on a carrier shared with non-MBMS services as defined in subclause 11.4..
NOTE:
The definition of the carrier will be clarified later.

Text proposal to TR25.813

11.4
MBMS Dedicated Carrier

For MBMS dedicated carrier solution, there is downlink only mode (Figure 11.5.1).
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Figure 11.5.1. MBMS dedicated carrier downlink only mode
The MBMS dedicated carrier:

-
MBMS dedicated carrier solution should support single receiver UE which is used as the baseline;
- 
Does not support DL-SCH carrying single cell transmission MBMS service;

-
UE only camps on unicast carrier and the service prioritization and relevant procedures are FFS in LTE;

-
The transmission mode of dedicated carrier is p-t-m only, and there is no counting/recounting procedure;

-
In the MBMS dedicated carrier, it should support paging on unicast carrier;

-
In dedicated downlink only mode, SynCH, CPICH, BCH, and MCH are necessary.
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