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1. Introduction
Both MBMS Multi-cell transmission and Single-cell transmission are introduced in current LTE TR/TS. This contribution is to study the single-cell transmission schemes in Unicast/MBMS-mixed cells.
2. Discussion
Some conclusions have been drawn on single-cell transmission of MBMS services in [1]. However, there still exist some problems to be discussed and decided. 
In Unicast/MBMS-mixed cells both SFN and single-cell PTM transmission are possible. Although not decided yet, there may be some differences between these two transmission modes. For example, counting process in single-cell PTM may have to set up the RRC connection, while in SFN transmission it may be simplified because there are no uplink feedbacks in this mode. It is possible that we only need to learn whether there are users interested in the service and then no RRC connections are required in SFN transmission. Furthermore, the scheduling scheme for the two transmission modes may be different too. For SFN transmission, the scheduling is by MCCH which may be transmitted in the “SFNed” manner itself while the scheduling of single-cell PTM transmission is more like unicast services, where the scheduling information is transmitted in PDCCH. So we need to know the transmission mode of the MBMS service in the cell. Such information should be transmitted in the cell on the cell-specific channel, e.g., cell specific P-MCCH or D-BCCH channel. By receiving the indication on the transmission mode, the UEs interested in the service can learn how to operate, e.g., how to send their counting response and where to read the scheduling information.
Proposal 1: Transmission mode information should be transmitted on the cell-specific channel in MBMS single-cell transmission.
Because the MTCH and MCCH in single-cell transmission are mapped on the DL-SCH, the scheduling of MBMS service is done on PDCCH identified by a Group ID. The contents of PDCCH are not decided yet, but the contents about downlink scheduling assignments have been summarized into the following table, which is from [2]: 
	Field
	Bits
	Comment

	General
	RB assignment
	?
	Number of bits depends on the resource indication scheme selected (if necessary, includes any explicit info to handle distributed transmission)

	
	MAC ID (UE ID or Group ID)
	16
	Implicitly encoded in the CRC

	
	TPC
	2-4
	Power control of PUCCH

	First transport block
	Transport format (TF)
	6-7
	Transport block size, modulation scheme. Interpretation of bits may depend on the number of RBs allocated.

	
	Hybrid ARQ process number
	3 (FDD)

4 (TDD)
	Depends on the number of HARQ processes used, TDD may need a larger number than FDD for certain allocations ( different PDCCH sizes for FDD and TDD

	
	Retransmission sequence number
	2
	Doubles as new data indicator (=0 indicates new data, >0 indicates retransmission) and redundancy version.

	Information needed for MIMO support (in case of two or more streams)

	Second transport block (MIMO support)
	Number of layers
	2
	1, 2, 3 or 4 layers

	
	TF, second transport block
	
	Independent or delta relative to first transport block?

	
	HARQ process second transport block
	3 (FDD)

4 (TDD)
	According to RAN1#47bis, there is full flexibility in mapping between HARQ process and codewords. FFS if the process number could be derived from first transport block as in Rel-7.

	
	Retransmission sequence number
	2
	

	
	Precoding information
	
	Contents unclear – need further discussions. 


For single-cell MBMS service, some bit fields in the table may not needed, e.g. the TPC fields. The TF field could also be simplified possibly. It is FFS that other bit fields can be simplified furthermore. Because the number of single-cell MBMS services is limited only a small quantity of group IDs for the MBMS services are needed. So more aggressively, the group IDs may even be used to indicate some scheduling information implicitly, e.g. the transmit formats. So we have:
Proposal 2: Special PDCCH format should be considered for the scheduling of the single-cell MBMS service. 
About the UL ACK/NAK channel we find the following words in [3]: 
“For non-persistent scheduling the ACK/NAK resource is linked to the index of the control channel used for scheduling”.
For single-cell MBMS transmission, the UEs receiving the single-cell MBMS service would monitor the common PDCCH for the scheduling information. If the ACK/NAK is linked to the index of the control channel according to the RAN1 agreement, all the UEs should share a common uplink ACK/NAK channel, which may have different requirements for the uplink ACK/NAK channel as in unicast transmission. 

At the same time it is decided in 36.300 [1] that:

· “Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. …
· UEs that are allocated a dedicated uplink feedback channel are in RRC_CONNECTED state”
It is different from the decisions in [3]. So there are two options in the uplink ACK/NAK channel. 
· All UEs receiving the MBMS service share the common uplink ACK/NAK channel according to [3]. 

In this case one option is that the uplink ACK/NAK channel could be used to transmit the uplink NAK signal without ACK signal transmitted. As long as NAK signal is detected on the ACK/NAK channel in the eNB, the NW would think the MBMS transmission is unsuccessful and a retransmission is needed. 

When multiple UEs send the NAK signal with the same preamble on the channel, whether the eNB can detect it correctly is still to be decided by RAN1. 

· Every UE has its own uplink ACK/NAK channel
The UE in RRC_CONNECTED can have its own uplink ACK/NAK channel. Whether the UEs in RRC_IDLE would transit to RRC_CONNECT state to send the ACK/NAK signal is FFS. 
Because the uplink ACK/NAK channel can not be linked to the index of the scheduling channel in this case, the eNB has to map the ACK/NAK channel to the UEs according to some other rules, e.g., to set up the mappings between the uplink ACK/NAK channel with UE IDs. This information would be transmitted to the UEs in advance by broadcasting or dedicated signaling. 

In the first case the retransmission would take all the UEs receiving the MBMS service in the initial transmission into account because the eNB cannot know exactly which UEs received the MBMS data unsuccessfully, so the efficiency of the retransmission will be limited. In the latter case the eNB only needs to consider the CQI information of the UEs who send the NAK signals for the retransmission the eNB can know exactly which UEs received the MBMS data successfully. The eNB thus can schedule the retransmission of the MBMS service more efficiently. However, more uplink ACK/NAK resources are needed in the latter case and the mapping rules between the ACK/NAK channels and UEs should be defined and sent in advance, which will also use some radio resources. It is still to be decided which one is better. So we propose that: 
Proposal 3: For single-cell MBMS transmission whether each UE has its own ACK/NAK channel is FFS.
The uplink feedback for single-cell MBMS transmission is not always helpful for the scheduling of the downlink MBMS service. When the number of UEs receiving the service exceeds some thresholds [4] 
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[5], the feedback may not be beneficial anymore. Counting and recounting schemes should be used to judge whether the number has reached the thresholds. The counting and recounting signals should be sent periodically in the cell just as in 3GPP R6 system. Then an indication scheme should be provided to inform the UEs whether they need feed back to the eNB to save the uplink signaling. One simple method is to use two different MAC IDs in the PDCCH to distinguish the two cases implicitly.

Proposal 4: An indication scheme should be provided to inform the UEs whether they need feed back to the eNB.
Uplink synchronization is required when UEs need to send uplink feedback to the eNB. It was agreed that if UL sync maintenance is required, the network has the responsibility for maintaining UL UE sync and has to take the necessary actions [6]. For UEs receiving the single-cell MBMS service, the timing alignment information has to be received from the eNB. There exist two options for the eNB to send the TA information to the UEs. One is that the eNB send TA information to the UEs one by one just as in unicast mode. The other is that the eNB sends the TA information to the UEs in a group scheduling manner. It means that the eNB would assemble all TA information of the UEs receiving the service in one MAC PDU or in some bit fields of PDCCH. And the mapping rules between the TA information and UEs has to be defined and sent to the UEs in advance. In the latter case the signaling overhead can be reduced possibly so it is preferred. 
Proposal 5: TA information for UEs receiving the single-cell MBMS service should be transmitted together. 
3. Conclusions 
Several proposals are given on the single-cell MBMS transmission schemes:

Proposal 1: Transmission mode information should be transmitted on the cell-specific channel in MBMS single-cell transmission.

Proposal 2: Special PDCCH format should be considered for the scheduling of the single-cell MBMS service. 

Proposal 3: For single-cell MBMS transmission whether each UE has its own ACK/NAK channel is FFS.
Proposal 4: An indication scheme should be provided to inform the UEs whether they need feed back to the eNB.
Proposal 5: TA information for UEs receiving the single-cell MBMS service should be transmitted together.
It is proposed to discuss the proposals and capture the agreed parts into TS36.300 for E-UTRAN MBMS. 
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