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1. Introduction

During RAN2#56 meeting in Riga, a requirement for MBMS to support on / off switch function was discussed. To support this function and avoid unnecessary MBMS transmission in a cell where there is no MBMS user, the MBMS network should be able to detect at least one MBMS user interested in the MBMS service in the cell, such as by using a polling technique. 
In [1], a simple layer 1 signalling based method was proposed to detect if at least one MBMS user interested in the service in a cell is presented. In our paper, we support the layer 1 signaling scheme in [1] due to its low complexity and low signaling overhead. Based on the framework of [1], we propose to introduce frequency and code diversity into the layer 1 feedback signal. Through theoretical analysis and simulation, we show our modification could dramatically reduce the average MBMS service polling time and control overhead.  

2. UE Feedback with Frequency / Code Multiplexing

[image: image1]
Figure 1: The signalling flow seen in the user feedback procedure. (Figure 1 in [1]) 

Figure 1 (from [1]) depicts the signalling flow of the MBMS user detection scheme proposed in [1]. The steps are listed below:

1. The network controller (e.g., eNB) broadcasts a feedback request (L3 message) for a specific MBMS service to poll the interested UEs;
2. Upon detection of the feedback request, the interested UEs respond by sending back a non-synchronized RACH preamble (L1 signal);
3. The network controller sends back the preamble to acknowledge the UE’s feedback and stop other UEs’ feedback.

The above proposed method has a low signalling latency and overhead because the UEs send feedback using only L1 signalling. In addition, the non-synchronized RACH allows feedback from UEs in both Idle and Connected states. Since the number of signature sequences is limited (64 sequences for RACH), time multiplexing was utilized in [1] to allow one signature sequence for multiple MBMS services. 
However, time multiplexing introduces delay; i.e., MBMS services need to wait in the queue if there is more than one service to be processed at a certain time. We therefore propose to utilize time / frequency / code (signature) multiplexing for the UE feedback. As we will show in the next section, the average MBMS service waiting time (in the queue) could be reduced by 20% - 90% by reserving two signature sequences in one frequency band (or two frequency bands with one signature).











Figure 2 (a) shows an example format of an MBMS service feedback request message. In this message, K MBMS services are processed simultaneously by frequency / code multiplexing; i.e., each service ID is associated with a unique combination of frequency and signature sequence (see Figure 2 (b)), which will be used by the interested UEs as feedback. Another K MBMS services will be polled in the next time interval with time multiplexing. By reserving M signature sequences and N frequency bands, a total number of K=MN services could be processed in one time interval.
The goal of the MBMS service user detection is to detect if there is at least one user interested in a specific service. Therefore, upon receiving a feedback signal, the eNB needs to identify the associated MBMS service but not the UE who sends it. That is why no UE identity is contained in the UE feedback signal. However, to prevent the UEs from sending feedback to a service that has already been received and detected, the network controller may send an acknowledgement for one or more MBMS services that have been responded. The proposed MBMS service polling procedure is illustrated in Figure 3.















3. Performance Analysis
In this section, we demonstrate the performance improvement when multiple MBMS services are polled simultaneously. To do that, we first built an M-D-1 queuing model with bulk service, and then evaluated the average service waiting time through simulations.
3.1. Queuing Model

Figure 4 shows an example of the MBMS polling process with time / frequency / code multiplexing. As we can see, a feedback request is broadcast at the beginning of each time interval of T, where T equals to the maximum response time of any UEs in the cell to allow all the UEs have enough response time. Indeed, T could be smaller than MAX_DRX to further reduce the service waiting time. In that case, there is a detection missing probability. The network controller may update T based on the heuristic distribution of DRX to ensure a tolerable missing probability. The number of services in the feedback request (i.e., K) depends on the state of the MBMS service queue. Assume there are n (n ≤ K) services in the queue at the beginning of the first time interval, the network controller will send a feedback request message for all n services, and listen to feedback from UEs until the next time interval. As shown in Fig. 4, the queue is empty at the beginning of the 2nd time interval, the network controller will do nothing but wait for the 3rd time interval. Therefore, the network controller can be regarded as a bulk server of size K with constant serving rate of 1/T. Assume the MBMS services arrive randomly and the average arrival rate is . To guarantee a stable system, we need  < K. 





Without loss of generality, we assume the arrival of the MBMS services as a Poisson process with rate . We can then obtain an M-D-1 queuing model with bulk service as shown in Fig. 5. It’s clear that the scheme in [1] is a special case of our model when K=1 (i.e., an M-D-1 model). 


When K=1, it’s easy to derive the closed-form expression for the average service in-queue waiting time to be
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However, when K>1, there is no closed-form solution for WQ. By multiplexing two or more service requests in a given polling interval, the average in-queue waiting time for service advertisement requests may be significantly reduced, as compared to conventional approaches (such as described in [1]) where only a single service request in each polling interval. To demonstrate the performance improvement, we conducted simulations based on the queuing model and plotted the curves in Figure 6. As shown in the simulation results, the performance benefit increases as the average arrival rate λ of MBMS services increase. In particular, the average time that a service is waiting in the queue for being processed (WQ) is always lower when service requests for two or more services are multiplexed in a polling interval. While the average in-queue waiting time does not significantly reduce as the polling capacity (K) increases above 2 or 3, the larger polling capacity values mean that a higher average rate of incoming services can be serviced by the system.  In addition, since K MBMS services are polled in one feedback message, the estimated control overhead is reduced by (K-1)/K%.



4. Conclusions

In this paper, we support the idea of using L1 signaling for MBMS user detection that was first proposed in [1]. We further modified the detection scheme to allow multiple MBMS services be polled by reserving multiple L1 signature sequences and / or frequency bands. To demonstrate the performance improvement with our modification, we built an M-D-1 queuing model with bulk service and conducted computer simulations. It was shown that the average MBMS service in-queue waiting time could be reduced by 20% - 90% by reserving two signature sequences with one frequency band or one signature sequence with two frequency bands. In addition, there is a significant saving in signaling overhead as well.
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(a) Feedback request message.
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Figure 5. An M-D-1 bulk service queuing model for the polling process.
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Figure 2. Time / frequency / code multiplexing for MBMS user detection.





(b) UE feedback multiplexing.
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Figure 6. Performance comparison of the average in-queue waiting time for different values of K.
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Figure 4. An example of time / frequency / code multiplexing.
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Figure 3. MBMS service polling procedure.
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