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1
Introduction

On RAN2#54, some important issues for E-MBMS dedicated cell solution are discussed [1]. But whether or not paging should be transmitted on MBMS dedicated cell is not decided yet. In this proposal, the options for paging and MBMS dedicated cell are investigated.
2
Discussion
MBMS dedicated cell has been captured in [2]. In MBMS dedicated cell, it does not support uplink and unicast data transfer.

There are three types of cell: MBMS dedicated cell, mixed cell, unicast cell (as Figure 1). Several possible deployment scenarios are shown in Figure 1.
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Figure 1. MBMS cell deployment scenarios
Paging on mixed cell or unicast cell is mandatory, so we only discuss whether the paging on MBMS dedicated cell or not. In Figure 1, scenarios (a) and (b) are similar, and thus we only discuss scenario (a) below. 
UE is terminated a unicast service when UE listens to MBMS service on MBMS dedicated cell, E-UTRAN will inform UEs through paging. There are two options to perform paging: 
(1) Paging on dedicated cell
(2) Paging on unicast cell
Before we discuss these two options, we might need to discuss the UE actions/procedures between dedicated cell and unicast cell at first.

If UE is of multi-receiver, it can listen to dedicated and unicast cell simultaneously. So we only discuss the single receiver.

2.1 UE actions/procedures between dedicated cell and unicast cell

Note that the MBMS service and unicast services are provided on different cells, relevant and maybe different signalling for MBMS service on the dedicated cell should be transmitted on both cells.
UE cannot camp on the MBMS dedicated cell because there is no cell/TA updating on the MBMS dedicated cell. E-UTRAN could use some mechanism, which might be also named as FLC but has different meaning with rel6, to request UEs to listen to the MBMS dedicated cell from time to time on which the E-MBMS service is intended to be transmitted but still stay on the camped cell. 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 cells automatically. This is different from MBMS Rel6.
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Figure 2. UE actions between dedicated cell and unicast cell
(1) UE camps on unicast cell and the MBMS dedicated cell related information is sent on unicast cell. When an MBMS session starts, the notification is sent on unicast cell. If UE is interested in this service, it will select the dedicated cell and listen to the system information of the MBMS dedicated cell for MBMS RB configuration and scheduling information (This is the requirement of self-sufficient).

(2) From the RB configuration information and scheduling information, UE knows the scheduling pattern of the interested MBMS services. UEs return to the camped unicast cell in the scheduling gap, and back to MBMS dedicated cell and listen MBMS service at the beginning of scheduling data stream. During the interval, UE can do some non-MBMS procedure (e.g. cell update/LA update). How to reduce the frequency of ping-pong between two cells should be investigated at WI phase.

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

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

Example scenario: UE originates a unicast service when UE listens to MBMS service on MBMS dedicated cell

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 return to the camped unicast cell and initiates the unicast service.

Proposal1: UE only camps on unicast cell and perform cell switching when it needs to receive MBMS service data. The service prioritization and relevant procedures are FFS in LTE.
2.1 Paging and MBMS dedicated cell
Option 1: paging on MBMS dedicated cell
E-UTRAN pages UEs on dedicated cell. 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 cell. And UE responds to the paging information on the unicast cell. Additionally, paging information may need to be expanded 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 cell and unicast cell.

Pro:

(1) UE need only return to camped unicast cell for TA/Cell update, system information updating instead of listening to paging on unicast cell (see figure 2), it may be power saving.

Con:

(1) If there is paging channel on dedicated cell, the dedicated cell cells should be included in all the relevant TA.  If the cell size of dedicated cell 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 cell and the capacity requirement for paging channel on dedicated cell might be much larger than that on unicast cell. So the paging channel for MBMS dedicated cell need to be designed specifically.

(2) Paging will transmit on unicast cell and dedicated cell both, this is resource waste.

Option 2: paging on unicast cell.

In this case, UE will return to unicast cell and listen to the paging information periodically.  Some mechanisms are necessary to reduce switch frequency, save power and avoid MBMS data loss:

1) TDM is preferred for different MBMS service on dedicated cell. For example: 5M Band width, QPSK, 1/3 turbo code, the total transmission capability is 300*6*2*1/3/0.5=2.4Mbit/s, for one Mobile TV, the traditional bit rate is 300Kbit/s, so duty cycle of one mobile TV is about 12.5%. That is to say, in a second, UE take 125ms to listen to MBMS, it can take another 975ms to do other thing. If modulation and coding uses 16QAM or 2/3 turbo code and MBMS data rate is 128Kbit/s, the cycle of one mobile TV is about 2.67%.

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

3) Gaps of DRX mechanism is decided by the scheduler, which is related to scheduling. Some fixed scheduling for data transmission and gaps for listening to paging channel is done in 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 cell.

Con:

(1) UE must return to unicast cell to listen the paging information during the gap. Sometimes it is inefficacy and waste power. But some mechanisms can reduce switch frequency, power saving and avoid MBMS data loss (FFS).

Comparing these two options, option 2 is the best. 

Proposal2: In the MBMS dedicated cell solution, paging on unicast/mixed cell is preferable.

3
Conclusions

In this document, we propose some open issues about paging and MBMS dedicated cell.

(1) UE only camps on unicast cell and perform cell switching when it needs to receive MBMS service data.

(2) In the MBMS dedicated cell solution, paging on unicast/mixed cell is preferable.

If agreeable, we would like to reflect this into the TS.
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