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1 Introduction

Single-cell MBMS service, without performance benefits coming from multi-cell SFN operation, is expected to have a higher packet error rate [1] than multi cell MBMS service, especially at the cell edge. In order to meet a target rate at the cell edge in the single-cell MBMS scenario, a variety of options such as oversizing the SFN area, introducing a feedback mechanism, and reducing interference by not transmitting on neighbour cells have been considered [2]. HARQ and/or ARQ with feedback may be used for single-cell MBMS service to reduce packet error rate. However, ARQ is not suitable for real time services because it can induce a large delay with retransmissions. 
In order to reduce the MBMS packet error rate and avoid complicated switching to p-t-p bearer, we have provided an example of p-t-m bearer service using HARQ for single-cell MBMS transmission [3]. In this contribution, we discuss a common feedback channel for MBMS HARQ with consideration on signaling overhead and other-cell interference.
2 Consideration on feedback channel for MBMS HARQ operation
In the previous example [3], the MBMS service specific C-RNTI is allocated if there is a UE interested in single-cell MBMS service. The MBMS service specific C-RNTI is a group identity and used in DL control signaling to allocate resources for retransmission. Upon detecting a CRC error, the UE transmits a NACK signal on the common feedback channel.
2.1 Feedback channel for UL time non-aligned UEs 
One of MBMS principles included in TR25.813 [4] is as follows.
--
UEs in either RRC_IDLE or RRC_CONNECTED mode are allowed to receive an interested MBMS service. 

In order to minimize the HARQ related feedback overhead, the UL time non-aligned UE may acquire and maintain the time alignment during MBMS service transmission. But it would require a lot of UL and DL signaling for timing advance and the eNB needs to manage UEs in the RRC_IDLE mode. In an alternative approach, we can divide the feedback into synchronous and non-synchronized feedbacks as illustrated in Fig. 1. A UL time aligned UE transmits a synchronous feedback using one of non-data associated uplink control channels
. A UL time non-aligned UE sends a non-synchronized feedback through physical non-synchronized random access channel [5]. Although the resource sizes of the uplink control has not been decided yet in RAN WG1, the non-synchronized feedback is expected to require larger resources than the synchronous feedback. In order to reduce the occurrences of non-synchronized feedback transmissions, the synchronous feedback should take precedence over the non-synchronized feedback. When detecting a CRC error, the UL time aligned UE transmits a NACK signal on the common synchronous feedback channel. In contrast, the UL time non-aligned UE, upon detecting a CRC error, transmits a non-synchronized feedback only if there have been no synchronous feedbacks transmitted by UL time aligned UEs. 
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Figure 1. Example of synchronous and non-synchronized feedback channels
As shown in the example in Fig. 1, the UL time non-aligned UE reads the L1/L2 control signaling before transmitting the non-synchronized feedback in order to check whether or not retransmission has been triggered by the UL time aligned UEs. The eNB monitors the non-synchronized feedback if there were no synchronous feedbacks. In order to reduce the complexity in control signal decoding, it may be desirable to fix the location of the control channel used for MBMS service.

For power saving of UE in the RRC_IDLE mode, HARQ for MBMS should be synchronous. But, synchronous HARQ may lead to the reduction of flexibility in scheduling. The example HARQ shown in Fig. 1 is synchronous in terms of the UE response but retransmission is not strictly synchronous because retransmission can occur at one of the two possible retransmission times.

The feedback scheme described in the above may increase feedback delay and L1/L2 control decoding complexity at the UE receiver in RRC_IDLE mode but it reduces non-synchronized feedback overhead. The reduction in the feedback overhead will be large as the number of synchronized UEs increases. If the location of the control signaling for MBMS service is fixed and time separation between synchronous and non-synchronized feedback is small, the complexity for reading the control signal and the feedback delay may not be large.
2.2 Interference
If a number of UEs use the common feedback channel simultaneously, a large interference may occur in the feedback channel. In order to reduce the neighbor cell interference, we consider the followings; 
i) UE transmits only NACK not ACK. 
ii) Synchronous feedback should take precedence over non-synchronized feedback.
iii) Interference suppression on feedback channel by using multiple MBMS service specific sequences for the cell.
In order to suppress the feedback channel interference, a number of MBMS service specific sequences may be reserved for the cell. A UE selects randomly one of several sequences and sends the feedback. This scheme may lead to increase in the complexity of decoding in the eNB but may mitigate the common feedback channel interference between different cells. 
For synchronous feedback, E-UTRAN may allocate some sequences of non-data-associated uplink control signaling as the synchronous feedback channel. 
In order to reduce E-UTRA terminal complexity [9] in the non-synchronized feedback, the UL unsynchronized UE may use the physical non-synchronized random access channel for the non-synchronized feedback. Assuming that the non-synchronized feedback channel is separated from the non-synchronized random access channel, the same set of sequences used for the non-synchronized random access can be reused for the non-synchronized feedback. However, using the non-synchronized random access channel for the non-synchronized feedback may result in a waste of radio resource because the non-synchronized random access channel is designed for accurate timing estimation, thus, requiring resources more than enough for the non-synchronized feedback. Therefore, introducing a new feedback channel for the non-synchronized feedback should be considered by RAN1. 
The feedback channel may be used to detect UEs receiving MBMS service. If a UE does not detect a CRC error for a predefined duration, the UE sends the sequence that has been reserved by E-UTRAN. 
If the eNB detects a large interference even with interference randomization, the eNB can lower a NACK probability. This is the same scheme as used for counting in Rel-6 MBMS. 
E-UTRAN needs to specify the maximum number of retransmissions, which should prevent adverse affects on the throughput of unicast transmission. 
The details of the feedback channel are for further study and should be studied in conjunction with feedback channels for unicast. 
3 Conclusion
In conclusion, we have provided an example of MBMS HARQ feedback channel which shows that switching to p-t-p bearer may be unnecessary. We propose the followings. 

· RAN2 adopts only p-t-m transmission as a working assumption. 
· The feedback channel is divided into synchronous and non-synchronized feedback channels. In order to reduce non-synchronized feedback transmission, the synchronous feedback takes precedence over the non-synchronized feedback. 
· UE transmits only NACK not ACK.
· For power saving of UE in the RRC_IDLE mode, HARQ for MBMS should be synchronous.

· In order to suppress the common feedback channel interference, a number of MBMS service specific sequences are allocated on the common feedback channel and a UE selects randomly one sequence. 
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