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1
Introduction
This contribution discusses different options for preventing excessive uplink loading from UE counting reports. A simple time-dispersion mechanism is proposed.  

2
Probability factor
This is the approach used in UTRAN and also proposed to be adopted in LTE in [7,8]. The counting request is coupled with a probability with which a UE otherwise eligible to respond shall respond. The probability can be gradually increased in successive phases of a counting procedure, to prevent an unexpected surge of a high number of simultaneous counting responses causing RACH overload.

The adoption of the same mechanism in LTE would come with some issues. Unlike in UTRAN, it has been agreed that in LTE the counting request is broadcast on the MCCH whose content must be aligned across the MBSFN at all times. This means that individual eNBs in the MBSFN area would not be able to apply their own judgement in terminating the counting procedure before the limit of acceptable response rate is exceeded. Rather, the results of each counting phase would need to be reported to the MCE, which would need to decide whether or not the whole MBSFN area will continue with a next counting phase and a next, higher probability factor. In cases where the response rate with given probability factor varies significantly across the eNBs of an MBSFN area, the MCE would face the lose-lose options of either continuing with counting without caring about overload in some eNBs, or terminating the procedure before having obtained sufficient information.
3
Time-dispersion
Mitigating risks associated with requesting many UEs to do “something” at the same time, such as to respond to counting, has already been extensively studied in the context of machine-type communications. The use of a probability factor can be seen as a means to alleviate the “many” part. Another approach, discussed numerous times with MTC and brought up also in the RAN2 MBMS e-mail discussion [9], is questioning the “at the same time” part i.e. time-dispersion. 
The recent agreement to restrict counting only to UEs already in RRC_Connected already implies a reduction to the “many” aspect, i.e. to the population of UEs expected to transmit a counting response. While having this limited population transmit a response a few octets in size is not foreseen to deplete too much of a cell’s uplink capacity, from RACH point of view it is still sensible to avoid that all the responses are triggered at the same time - which would easily happen after the first transmission of a counting request.
Proposal 1:
The UE shall randomize the time of (submitting for) transmission of a counting response.
If Proposal 1 is adopted, the next question is how to select the time period over which to randomize. It would seem logical to couple this with the time granularity with which counting requests can be put on or taken off the air. Based on the agreement to broadcast the request on MCCH, the basic time unit of broadcasting the request is the MCCH modification period, which by current value ranges has duration of either 5.12 or 10.24 seconds. Translating from MTC discussions the RACH-capacity finding that 30 000 RACH-access attempts can well be accommodated when uniformly distributed over a time of 60 seconds, as many as 2500 counting responses (from UEs actually requiring RACH access i.e. not already otherwise active in UL) can be handled without problems when randomized over a modification period of 5.12s – and naturally twice that over 10.24s. These numbers seem sufficient for cases where there ever was enough uncertainty of popularity of some MBMS services to justify counting. It can also be noted that, compared to a baseline of having no load control at all, where UE responses to a newly appearing counting request are assumed to be initiated e.g. within a period of 10ms, the effect of dispersing the responses over the 1024 times longer modification period of 10.24s has the same effect on instantaneous uplink load as applying the smallest access probability 2-10 currently defined (equally for idle and connected UEs) in UTRAN [5].
The choice of the MCCH modification period as the randomization period of the UE response has the added benefit that it does not require signalling any new parameter.
Proposal 2:
The UE selects the time of transmitting the counting response uniformly at random within the remaining MCCH modification period.

Note that if (also) Proposal 2 is adopted, UEs successfully receiving the counting request at an MCCH repetition other than the first one in the modification period tends to skew the intended uniform distribution slightly towards the end of the modification period, but this effect is not assumed to be dominant.
Another aspect worth considering is, how such a procedure for one MBSFN area would relate to concurrent counting on other MBSFN areas in the cell. The simplest way would be for the UE to independently select separate time instances for the responses on different MBSFN areas, but this seems to result in unnecessary RACH accesses. It therefore seems sensible to transmit multiple responses together whenever feasible.
Proposal 3:
The specification should target at the UE transmitting responses to separate concurrent counting requests at the same opportunity.

In the same spirit of reducing RACH accesses, it also seems sensible to allow the UE to transmit the counting response already before the randomly chosen time instant, if it can be transmitted together with other, already pending uplink transmissions – but to avoid excessive specification complexity, this should be left as a “may” note.
Proposal 4:
A UE implementation may transmit counting responses before the randomly chosen time instant if done together with other, already pending uplink transmissions.

4
Conclusion
We discussed load control to MBMS counting responses, and conclude with a simple time-dispersion mechanism in the form of the following, partly incremental, proposals:
Proposal 1:
The UE shall randomize the time of (submitting for) transmission of a counting response.

Proposal 2:
The UE selects the time of transmitting the counting response uniformly at random within the remaining MCCH modification period.

Proposal 3:
The specification should target at the UE transmitting responses to separate concurrent counting requests at the same opportunity.

Proposal 4:
A UE implementation may transmit counting responses before the randomly chosen time instant if done together with other, already pending uplink transmissions.

We include below a text proposal demonstrating how the above proposals could look in the specification; the draft stage-3 CR provided in [10] is used as the basis.

Beginning of Text Proposal
5.8.4
Counting Procedure
5.8.4.1
General
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Figure 5.8.4.1-1: Counting procedure

The Counting procedure is used by the E-UTRAN to count the number of RRC_CONNECTED mode UEs which are receiving or interested in the specified MBMS services. 
5.8.4.2
Initiation
E-UTRAN initiates the procedure by sending a CountingRequest message.
5.8.4.3
Reception of the CountingRequest message by the UE
Upon receiving the CountingRequest message, the UE in RRC_CONNECTED mode shall:

1> if the UE is receiving or interested in at least one of the services in the received countingRequestList:

2> Trigger a counting report for this MBSFN area;

2> If timer Tnnn is not running:

3> draw a random number 'rand' that is uniformly distributed in the range 0 ≤ rand < 1;

3>
start timer Tnnn with the timer value calculated as follows, using the mcch-ModificationPeriod of the MCCH that contained the CountingRequest message:


Tnnn = 10ms * rand * [mcch-ModificationPeriod – (1 + SFN mod mcch-ModificationPeriod)]
5.8.4.4
Tnnn expiry
Upon Tnnn expiry, the UE shall: 

1> For each MBSFN area for which a counting report has been triggered:

2> if more than one entity is included in the mbsfn-AreaInfoList received in SystemInformationBlockType13:

3> include the mbsfn-AreaIndex in the CountingResponse message and set it according to the order of corresponding entity in the mbsfn-AreaInfoList within the received SystemInformationBlockType13;

2> for each MBMS service included in the received countingRequestList:

3> if the UE is receiving or interested in the MBMS service:

4> include the short service ID? in the CountingResponse message and set it according to the order of corresponding entity in the received countingRequestList;


2> submit the CountingResponse message to lower layers for transmission;
NOTE:
The UE may construct and submit for transmission counting reports for all MBSFN areas for which it has been triggered (and stop timer Tnnn) before Tnnn expires if transmission can be made with other pending uplink transmissions.
End of Text Proposal
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