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1 Introduction

Some MBMS signalling requires multiple response messages from multiple users belonging to a MBMS service. For instance, a MBMS paging message from UTRAN will be followed by one or more response messages from multiple users in a cell. If there are many users in a cell, the MBMS paging may cause signalling load to increase in uplink (e.g. RACH overload). Therefore, in this document, we propose a MBMS paging scheme to alleviate such uplink burden.

2 Load-controllable MBMS paging

In the proposed scheme, UTRAN can send a MBMS paging message more than once for a specific MBMS service so that it disperse response messages from several UEs. Each time a MBMS paging message requires response messages only from a part of a multicast group. It does not allow the same UE to respond to more than one MBMS paging message for a specific MBMS service. In other words, different MBMS paging calls for response messages from different UEs. 

Figure 1 shows an example of counting procedure with the load-controllable MBMS paging. In this procedure, UTARN sends a MBMS paging message several times. Each time UTRAN pages different UEs. After twice sending a MBMS paging for a specific MBMS service, if UTRAN acquires enough response messages to establish a p-t-m type of MBMS radio bearer, then it does not page the remaining UEs that did not receive any paging message for them and establishes a MBMS radio bearer. It is because UTRAN dose not need any other response messages after receiving enough response messages to set up a p-t-m MBMS radio bearer.

For this purpose, a MBMS paging message contains a load-controllable parameter as shown in figure 1. This parameter includes a condition that a UE should meet to send a response message. This parameter can control the number of responses to a MBMS paging message by setting a proper condition. Each time UTRAN pages, a different parameter is included in a MBMS paging message. The setting of load-controllable parameters should not allow the same UE to respond to more than one MBMS paging message.
In detail, as one of possible ways, we provide a load-controllable parameter consisting of M and R. An M value is used to fraction a multicast group and an R value is used to identify a fraction of a multicast group. Moreover, we divide an R value into two types: an Rn value defined by UTRAN and an Ru value defined by UE. Each MBMS paging for MBMS service #i sends the same M value, but one or more different Rn value. UEs intending to receive MBMS service #i decide whether it sends its response message based on the received load-controllable parameter (i.e M and Rn). During such a decision process, a UE calculates Ru value based on UE Id as follows:

UE Id mod M = Ru

IMSI or RNTI may be used for UE Id in this equation. The UE compares the calculated Ru value with the received Rn value(s). If one of Rn values is equal to the Ru value, the UE is allowed to respond to the MBMS paging. Otherwise, the UE is not.
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Figure 1. A procedure example of the load-controllable MBMS paging
1. UTRAN constructs a load-controllable parameter {M = 4, Rn = 0} before sending an MBMS paging message for a MBMS service.

2. UTRAN sends a MBMS paging message with a load-controllable parameter for the MBMS service. A UE belonging to a multicast group for the MBMS service receives the load-controllable parameter.

3. A UE belonging to a multicast group for the MBMS service checks whether it meets the load-controllable parameter. First of all, the UE calculates a Ru value based on the received M and its own UE Id. If the calculated Ru value is equal to one of the received Rn values, then, it decides to send a paging response message to UTRAN. Otherwise, it decides not to send any response message.

4. A UE sends a paging response message to UTRAN, if it decided to send in the previous step. UTRAN counts the number of response messages from several UEs. If the number of response messages is enough to determine a p-t-m type of MBMS radio bearer, then UTRAN stops paging UEs and moves onto step 9 to establish p-t-m type of MBMS radio bearer. Otherwise, UTRAN moves onto the next step.

5. UTRAN constructs another load-controllable parameter {M = 4, Rn = 1, 2} before sending a MBMS paging for the same MBMS service again.

6. UTRAN sends again a MBMS paging message with the load-controllable parameter for the same MBMS service. A UE belonging to a multicast group for the MBMS service receives the load-controllable parameter.

7. A UE belonging to a multicast group for the MBMS service checks whether it meets the load-controllable parameter. First of all, the UE calculates a Ru value based on the received M and it own UE Id. If the calculated Ru value is equal to one of the received Rn values, then, it decides to send a paging response message to UTRAN. Otherwise, it decides not to send any response message.

8. A UE sends a paging response message to UTRAN, if it decided to send in the previous step. UTRAN counts the number of response messages from several UEs. If the number of response messages is enough to determine a p-t-m MBMS radio bearer type, then UTRAN stops paging UEs and moves onto step 9 to establish p-t-m type of MBMS radio bearer. Otherwise, UTRAN should move back to step 5 and pages the remaining UEs with a different load-controllable parameter value. If UTRAN finds that the number of UEs is not enough to determine a p-t-m MBMS radio bearer type after paging all UEs, then UTRAN moves onto step 9 and establishes p-t-p type of MBMS radio bearer.

9. UTRAN establishes a MBMS radio bearer for the MBMS service e.g. based on the number of UEs.

In this example, if UTRAN decides to send, the last load-controllable parameter will be {M = 4, Rn = 3}, since M is fixed to 4 and only one Rn value remains after UTRAN twice paged. Therefore, UTRAN is not allowed to page UEs more than three times. In this way, an M value limits the number of MBMS paging messages. Moreover, UTRAN may inform UEs of there is no need for counting. For this purpose, we could use Rn = 4 (i.e. Rn = M) that is never used for a load-controllable parameter.

Additionally, UTRAN may include time information (e.g. a timer) as well as a load-controllable parameter within each paging message. Such information is used to prevent UEs from sending response messages after a certain period. 

3 Discussion

The proposed scheme has the following benefits, principally in case UTRAN expects lots of responses from UEs:

1. UTRAN can control signalling load in uplink.

2. UTRAN can control uplink interference and radio resource (e.g. RACH).

With this scheme, it is possible that UTRAN receives responses from a small size of the first fraction and then increase the size of the next fractions if UTRAN found that uplink resource is able to support a larger size of a fraction based on the first responses. In this way, UTRAN can avoid RACH overload.

However, we may imagine the following drawbacks from this scheme as well:

1. UTRAN can unnecessarily more than once send paging messages, mainly in case of a small UE group.

2. Successive paging messages can delay counting. In particular, they can delay set-up of a p-t-p MBMS radio bearer.

Concerning the first drawback, UTRAN could prevent unnecessary paging messages by presuming the number of UEs. In details, UTRAN could determine how many times it will page without redundant paging by using information about activated UEs carried by CN, population information heuristically attained from pasts, or regional characteristics (e.g. downtown). UTRAN also uses this scheme for re-counting. In this case, UTRAN could decide how many times it will page based on information obtained from the previous counting.

Regarding the second drawback described above, we think that UTRAN can control such delay by inserting a timer into a paging message. The timer is used to regulate responses into a certain limited period. The timer is expected to be shorter than that for single paging.

4 Conclusion

The load-controllable MBMS paging is useful if there are several users expected to respond. Accordingly, it is recommended that this scheme be optionally adopted as part of MBMS paging. 

In this document, we suggest the following points:

· UTRAN is allowed to page more than once to avoid uplink congestion. Each time UTRAN pages different UEs.

· Each time UTRAN pages, a MBMS paging message includes a load-controllable parameter regulating response messages from several UEs.

· Different MBMS paging messages include different load-controllable parameter values. 

· A UE decides whether or not it sends a response message based on the load-controllable parameter.

· UTRAN does not need to page all of UEs for a specific MBMS service.

In addition, we propose to reflect the section 2 above into TS 25.346.
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6. 2nd MBMS Paging



[MBMS #i, the 2nd load-controllable parameter {M = 4, Rn = 1, 2}]







9. MBMS radio bearer setup
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5. UTRAN constructs the 2nd load-controllable parameter.











4. 1st MBMS Paging Responses







8. 2nd MBMS Paging Responses











7. UEs decide whether it sends its response message based on the 1st load-controllable parameter.











1. UTRAN constructs the 1st load-controllable parameter.







2. 1st MBMS Paging



[MBMS #i, 1st load-controllable parameter {M = 4, Rn = 0}]







3. UEs decide whether it sends its response message based on the 1st load-controllable parameter.












