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Considerations on uplink feedback channel for E-MBS
Jungim Kim, Sunggeun Jin, Sungcheol Chang, and Chulsik Yoon
ETRI
1. Introduction

In this contribution, we discuss a feedback channel for E-MBS HARQ with consideration on signaling overhead and other-cell interference.
2. Considerations on uplink feedback channel for E-MBS HARQ
For MBS transmission using HARQ, the MBS service specific group identity, which is allocated to the MS interested in the MBS service, is used in DL control signaling to allocate resources for retransmission (e.g. USCCH). We propose to use common uplink feedback for E-MBS HARQ, which accompanies less feedback overhead compared with dedicated feedback. 
In multi-BS MBS transmission, we support cell-specific retransmission without SFN. Cell-specific retransmission by individual cells can avoid unnecessary retransmission across all the cells involved in multi-BS MBS. In the case of SFN retransmission, a centralized entity needs to collect the feedback from the multiple BSs, which can incur a large latency. 

By having the UL time non-aligned MS acquire and maintain the time alignment during MBS service transmission, the HARQ related feedback overhead can be reduced. However, this would incur a large UL and DL signaling overhead for timing advance and the BS needs to manage MSs in the IDLE state. 
In an alternative approach, the feedback can be divided into synchronized and non-synchronized feedbacks as illustrated in Fig. 1. In this scheme, a UL time aligned MS transmits a synchronized feedback using one of HARQ feedback channels while a UL time non-aligned MS sends a non-synchronized feedback. 
Although the resource size of the uplink control channel has yet to be decided, the non-synchronized feedback is expected to require more resources than the synchronized feedback. 
The occurrence of non-synchronized feedback transmissions can be reduced if the synchronized feedback is designed to take place before the non-synchronized feedback. Upon detecting a CRC error, the UL time aligned MS transmits a NAK signal on the common synchronized feedback channel. In contrast, the UL time non-aligned MS, upon detecting a CRC error, transmits a non-synchronized feedback only if there have been no synchronized feedbacks transmitted by UL time aligned MSs. 
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Figure 1. Example of synchronized and non-synchronized feedback channels
As shown in Fig. 1, the UL time non-aligned MS can check whether or not retransmission has been triggered by the UL time aligned MSs by listening to the control signaling for resource allocation for retransmission. The BS also needs to monitor the non-synchronized feedback if there were no synchronized 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 MBS service. If the BS detects a NAK signal in the synchronized feedback channel, the BS may allocate the non-synchronized feedback channel for unicast service. Such reduction in the feedback overhead can happen more frequently with an increasing number of UL-time aligned MSs. 
For power saving of MS in the IDLE state, HARQ for MBS should be synchronized. But, synchronized HARQ may lead to restriction in scheduling flexibility. The HARQ shown in Fig. 1 is synchronized HARQ in terms of the MS response but retransmission is not strictly synchronized because retransmission can occur at one of the two possible retransmission times. 
The feedback scheme described in the above may increase feedback delay and control signaling decoding complexity at the MS receiver in IDLE state but it reduces non-synchronized feedback overhead. The reduction in the feedback overhead becomes large as the number of synchronized MSs Increases. If the location of the control signaling for MBS service is fixed and time separation between synchronized and non-synchronized feedbacks is small, the complexity in reading the control signal and the feedback delay may not be large. 
If a number of MSs use the common feedback channel simultaneously, a large interference may occur in the feedback channel. In order to reduce the neighbor cell interference, we propose that MS transmits only NAK not ACK. 
The details of the feedback channel are subject to further study and should be studied in conjunction with feedback channels for unicast. 

3. Conclusion

In summary, we have presented an example of MBS HARQ scheme. We propose the followings. 

· The feedback is transmitted through a common channel. 

· UE transmits only NAK not ACK.
· The feedback channel is divided into synchronized and non-synchronized feedback channels. In order to reduce non-synchronized feedback transmission, the synchronized feedback takes precedence over the non-synchronized feedback. 
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Text Proposal to SDD

------------------------------------------------ Start of Proposed Text -------------------------------------------

11.9.1.6 E-MBS feedback

The only NAK not ACK feedback is transmitted through a common channel. The E-MBS feedback is divided into synchronized and non-synchronized feedbacks. The synchronized feedback is used by the uplink synchronized MSs and the non-synchronized feedback is used by the uplink unsynchronized MSs. The synchronized feedback may take precedence in time over non-synchronized feedback. In multi-BS transmission, the retransmission is cell-specific and individual BSs allocate resources for retransmission through DL control signalling using the MBS service specific group identity.
--------------------------------------------- End of Proposed Text ---------------------------------------------
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