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1.
Introduction
This document discusses random access procedures in case of counting, user detection and channel quality reporting for LTE MBMS.
2.
MBMS Counting
The MBMS counting procedure can be used for the network to decide which RB type i.e. PTP/PTM with feedback or PTM without feedback eNB configures for a MBMS service. Also, the network can use the MBMS counting procedure to decide if a cell provides a specific MBMS service or not. It is because if there is no MBMS activated UE in the cell the network does not need to provide the service in the cell.
2.1
Counting procedure for UE in RRC idle mode
If UE is not RRC connected, the MBMS counting can be provided by the initial access procedure as shown in figure 1. Like UMTS MBMS, the RRC AI (Access Info) message can be used to trigger UE to send counting response in uplink. The AI message can allocate a MBMS dedicated signature used for RA message 1 for a MBMS service or for MBMS purpose. When UE performs random access with the MBMS dedicated signature, eNB can prioritize different uplink accesses from non-MBMS UEs and MBMS UEs and also between MBMS services from MBMS UEs. Also, when eNB receives the MBMS dedicated signature, eNB could know how many resource for the message 3 needs to be granted to the MBMS UE.
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Figure 1: MBMS counting for UE in idle mode
The MBMS dedicated signature allocated by AI message is MBMS service-specific or MBMS specific. Thus, contention does not occur between MBMS UE and non-MBMS UE. However, contention can still occur between MBMS UEs that have activated the same MBMS service and so contention resolution scheme needs to be applied. As a result, as agreed for initial access, temporary C-RNTI should be allocated by the RA message 2 and contention resolution in RA message 4 should be done. 
2.2
Counting procedure for UE in RRC connected mode
If UE is RRC connected, the RRC Connection Request message cannot be used as counting response. Thus, we may need the RRC MBMS Counting Response message for RRC connected UE.
If UE in RRC connected mode has uplink resource granted by eNB, the UE could send the RRC MBMS Counting Response on DCCH/UL SCH by using the uplink resource. But, if UE in RRC connected mode has no uplink resource granted by eNB, when UE needs to reply to the AI message, the UE could send the RRC MBMS Counting Response with RA procedure as shown in figure 2. 
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Figure 2: MBMS counting for UE in connected mode
In figure 2, UE can send a message 1 with a service dedicated signature allocated by AI message or with a UE dedicated signature if allocated by eNB before.
If the AI message allocates a service dedicated signature, contention would still occur between MBMS UEs that have activated the same MBMS service and so contention resolution scheme needs to be applied. To resolve collision, the RRC Contention Resolution message can be used as message 4 as agreed for initial access. 
Alternatively, if a UE dedicated signature was allocated before, the UE in RRC connected mode could send a message with the UE dedicated signature, rather than a service dedicated signature allocated by AI message. In this case, it is contention-free. In this case, contention resolution message is not necessary.
It is noted that since UE has its C-RNTI, UE will ignore temporary C-RNTI on message 2.
Meanwhile, when RRC connected UE that responded to AI message in a source cell performs a handover procedure to a target cell, the source cell could send information on selected or activated MBMS services to the target cell during the handover preparation phase via X2 interface. If such information is not carried on X2 interface during handover, UE would need to send information on selected or activated MBMS services to the target cell on Handover Completion message or UE would send the RRC Counting Response message with the RA procedure after receiving AI message on MCCH in the target cell.
3.
MBMS user detection only
We think that if MBMS service is provided on PTM only without feedback e.g. on a dedicated carrier, single user detection scheme would be beneficial because it is better that the MBMS service is not provided on a cell where there is no MBMS user. The single user detection can be realized by using the MBMS counting procedure described above. But, we prefer a simpler approach shown in figure 3 for user detection.
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Figure 3: Single user detection procedure
When the AI message requests single user detection with a MBMS dedicated signature for a specific MBMS service, UE interested in the service sends RA message 1 with the MBMS dedicated signature until receiving message 2. In this case, when RA message 1 with the MBMS dedicated signature reaches eNB, eNB can find out that there is at least one MBMS UE that wishes to receive the service. Even if collision of message 1 from several UEs with the same signature occurs, eNB can find out there is at least one MBMS UE by detecting the dedicated signature.
This scheme cannot count the number of MBMS UEs interested in a MBMS service and therefore cannot be used for MBMS counting. However, if UTRAN wishes to know if there is a MBMS user interested in a service or not, UTRAN could simply use this scheme.
If eNB wishes to count the number of MBMS UEs interested in a MBMS service, either AI message or RA message 2 can indicate that the MBMS UEs should transmit message 3 as shown in figure 1 or 2. If eNB needs only single user detection of MBMS UE interested in a MBMS service, AI message or RA message 2 can indicate that the MBMS UEs should not transmit message 3 as shown in figure 3. Therefore, MBMS UE can decide whether to transmit the message 3 or not by receiving AI message or RA message 2.
4.
Channel Quality Reporting
The RA procedure can be used for CQ (channel quality) reporting. If PTP is used for MBMS, we think that UE dedicated CQ channel could be used, which would be similar to CQ channel used for unicast transmission. Thus, if RA procedure is used for MBMS CQ reporting, we think that MBMS service would be transmitted in a PTM manner with/without feedback. 
When RA procedure is used for MBMS CQ reporting, we could consider UE triggered reporting. If UE triggered reporting is used, UE performs MBMS CQ reporting in a periodical manner or an event-triggered manner under control of eNB RRC. One problem of the periodical CQ reporting is even if there is no CQ change, UE should need to send CQ report. That could cause unnecessary uplink interference. And in case of event-triggered CQ reporting, if CQ report does not reach eNB, both UE and eNB could not find out if CQ reporting is successfully completed or not. Thus, event-triggered CQ reporting has a problem as well because there is no recovery of missing CQ report.
Instead of UE triggered reporting, we could use eNB triggered CQ reporting. In this case, when eNB needs CQ reporting for transmissions of a MBMS service, eNB sends polling requesting CQ reporting to UEs interested in the MBMS service as shown in figure 4. Polling can be transmitted as a RRC message, a MAC control information, or L1 signalling on L1/L2 control channel. In response to polling, the UEs start RA procedure with message 1.www
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Figure 4: CQ reporting procedure based on eNB polling
In figure 4, when eNB sends polling, the eNB could send access probability along with polling to distribute message 1 transmissions from several UEs interested in the same MBMS service. Also, for reply to polling, eNB can allocate a dedicated signature that is specific to the MBMS service when sending the polling. In this case, when UE receives polling with access probability and the dedicated signature, the UE transmits message 1 with dedicated signature after passing persistency test with access probability.
After receiving message 2 with ACK to the message 1, UE can send CQ report. CQ report can be a RRC message. If CQ report is a RRC message, the CQ report message will have much overhead due to L2 headers and RRC coding. Thus, we consider CQ report as a MAC control information.
When CQ reporting in response to polling is not successful, eNB would not receive CQ reporting. If eNB did not receive CQ reporting for a certain time period after polling, eNB can send polling aging to request CQ reporting. Thus, missing CQ report can be easily recovered. 
Collision can occur between UEs responding to the same polling. Thus, collision resolution could be used with message 4. However, eNB can recover missing CQ report due to collision by sending polling again. Thus, if CQ reporting from a UE is not so critical, contention resolution step could be removed for this purpose.
5.
Conclusion
In summary, we propose that if PTP or PTM with feedback can be configured, RA procedures in figure 1 and 2 are used for the MBMS counting procedure. In addition to that, if a cell checks whether there is a MBMS UE interested in a service with PTM only, RA procedure in figure 3 is used.
On the other hand, if CQ reporting is needed for PTM transmissions with/without feedback, we propose that eNB triggers MAC level CQ reporting with RA procedure by sending polling.[image: image5.png]
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