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1. Introduction
RAN#84bis reached the following conclusion:

Conclusion:
· RAN1 has observed performance benefit with the following enhancements to DL multicast/broadcast :

· Dynamic scheduling for multicast/broadcast transmissions

· I.e., PDCCH-based scheduling of TBs associated to a TMGI

· Semi-static scheduling for multicast/broadcast transmissions

· Use of DM-RS based transmission scheme from multiple TPs including reception for idle UEs

· This does not imply introduction of any new TM

· DMRS-based single-cell multicast

· PDSCH transmitted from multiple TPs

· CRS based PDSCH/PDCCH transmitted from TP(s) that differ from the TP(s) transmitting the system information

· DMRS based PDSCH/EPDCCH transmitted from different TP(s) 

· Use of normal CP

· HARQ feedback
· CSI feedback
· Note 1: Gain, complexity, and specification impact of each enhancement are expected to be different.

· Note 2: some enhancements may be possible without spec impact.

· Note 3: Network/UE complexity has not been studied in RAN1.

· Note 4: some enhancement(s) listed above may assume some level of inter-TP coordination, which does not necessarily result in spec changes

· Note 5: some enhancement(s) listed above may be based on contribution(s) from a limited number of company or companies

· RAN1 is still continuing study at least some of the above enhancements 

· The above is to be captured in the TR

· Send LS to RAN2 to inform the following feature is beneficial from RAN1 viewpoint:

· UE identifies which broadcast transmissions (e.g., TMGI) are relevant to it, e.g., depending on the position of the UE.

In this contribution, we discuss how to support the highlighted HARQ feedback and CSI feedback for DL multicast/broadcast for V2X.

2. Discussion on HARQ feedback
One important physical layer topic in supporting HARQ feedback is how to determine the UL resource used for HARQ-ACK transmission especially whether a certain UL resource can be shared by multiple UEs for the HARQ-ACK transmission for the same DL multicast/broadcast transmission. As multicast/broadcast transmission is received by multiple UEs, a HARQ-ACK resource can be shared in the sense that the network will perform retransmission as long as there is at least one UE which fails to receive the initial transmission. We can call this approach “UE-common resource” for HARQ-ACK for DL multicast/broadcast. On the other hand, the current LTE does not support such HARQ-ACK transmission feature and each UE uses separate resource for HARQ-ACK transmission. If we follow this principle, multiple UEs receive the same DL transmission but report HARQ-ACK using different resources. We can call this approach “UE-specific resource.”
2.1. Using UE-common resource

Using UE-common resource has the benefit of reducing the UL feedback overhead especially when many UEs receive the same transmission. If the UE-common resource determination can be known to RRC_Idle UEs, even RRC_Idle UEs can participate in HARQ feedback transmission. On the other hand, as transmissions from multiple UEs cannot be differentiated in the eNB side, it has limitation in using coherent modulation based on RS. One possibility is to use on/off keying such that a UE fails to receive DL transmission transmits signal on the UE-common resource but it does not transmit anything in the resource if DL transmission is successfully received. By this operation, eNB is aware whether there is at least one UE which fails to receive the transmission, but it has no idea which UE and how many UEs need retransmission.
There are several issues that need to be considered in studying the UE-common resource approach. First, the impact of possible SFN transmission from multiple UEs needs to be considered. As the network is unable to control the number of UEs transmitting on the same resource, the reception power at the eNB is unpredictable. Thus, interference to other UL resources (e.g., interference to PUCCH resources CDMed in the same PRB or inband emission to neighboring PRBs) may degrade the performance. Some power control mechanism such as open-loop power control using the pathloss from the eNB or closed-loop power control from eNB could be considered to mitigate this interference. Second, the timing error of the transmitting UEs needs to be considered especially when RRC_Idle UEs which has no timing advance should transmit HARQ-ACK. As an example, solutions used for D2D transmission could be considered, i.e., using DL timing possibly with extended CP to absorb the timing error. Also, a transmission format which is more robust to the timing error can be considered as the HARQ-ACK transmission format, and PRACH preamble can be one possibility.
Another important issue in supporting UE-common resource approach is how to multiplex HARQ-ACK for multicast/broadcast with other UL transmissions. In the current LTE operation, HARQ-ACK for a certain transmission can be merged into a single physical layer channel after being multiplexed with other UL transmissions such as other HARQ-ACK, other UL control information (e.g., SR, CSI), and UL-SCH. However, such multiplexing will be difficult if on-off keying is used for HARQ-ACK for broadcast on the UE-common resource because such UE-specific information cannot be transmitted on the UE-common resource. The problem can be relatively easy for a UE having the capability of simultaneous UL channel transmission because HARQ-ACK for multicast/broadcast can be transmitted in a separated channel (e.g., PUSCCH for HARQ-ACK for multicast/broadcast) while all the other information for unicast is multiplexed together in another channel (e.g., PUSCH where other UCI is piggybacked). In this case, power allocation to the two simultaneous channels needs to be studied. If such capability cannot be assumed for all the UEs, one possible options is to separate HARQ-ACK for multicast/broadcast and the other uncast transmission in the time domain, e.g., by modifying the timing between DL assignment and HARQ-ACK and UL grant and PUSCH in unicast.
In addition, discussion is needed on whether there is a case where a UE needs to transmit HARQ-ACK for multiple multicast/broadcast transmissions in the same subframe. This situation may happen in TDD where multicast/broadcast transmitted in different DL subframes is acknowledged in the same UL subframe, or in case where a single subframe delivers multiple multicast/broadcast transmissions (e.g., from different services or multicast clusters). The discussed on-off keying will work when a UE fails its reception in only one transmission, but a solution is needed when two or more transmissions fail. A separated HARQ-ACK resource for such multiple error case can be considered as an option.
Handling the control message miss needs to be considered if on-off keying is supported. A UE will not send anything on the HARQ-ACK resource if it does not decode the control message scheduling multicast/broadcast transmission, but eNB will regard the absence of HARQ-ACK transmission as successful reception of the corresponding DL transmission. This situation may lead to an unreliable HARQ operation. In case of unicast, DAI in the DL assignment was used to enable a UE to recognize whether it missed previous DL assignment. A similar mechanism can be considered for more reliable multicast/broadcast HARQ operation.

2.2. Using UE-specific resource

Using UE-specific resource can be beneficial in that it has a potential to reuse the existing LTE HARQ-ACK-related procedure as much as possible. For example, HARQ-ACK for multicast/broadcast can simply treated as additional HARQ-ACK feedback which can be multiplexed into the existing unicast PUCCH or PUSCH via ACK/NACK bundling, channel selection, increased ACK/NACK bit width, and so on. Depending on the details of ACK/NACK multiplexing/transmission method, further consideration may be needed to properly handle the case of missing the scheduling message, i.e., DTX, in order to ensure the same understanding between the eNB and the UE in terms of the number of HARQ-ACK multiplexed in the UL channel.
As discussed above, this approach may be difficult to be used for RRC_Idle UEs. Thus, a cell intending to support only the UE-specific resource approach can configure such that all the UEs which have interest in receiving DL multicast/broadcast with HARQ in the cell stay in RRC_Connected mode.
Discussions in the above two subsections can be summarized in Table 1 where pros and cons of using UE-common resource and UE-specific resource are compared. Also, it is possible to consider supporting the two approaches together. For example, a UE transmits HARQ-ACK on the UE-common resource if no other UL transmission take place in a subframe, and, if some other UL transmission is scheduled, HARQ-ACK for multicast/broadcast can be multiplexed with other UL transmission using the method discussed for the UE-specific resource case.
Table 1: Comparison of using UE-common resource and UE-specific resource for HARQ-ACK for DL multicast/broadcast transmissions.

	
	Pros
	Cons

	UE-common resource
	- Overhead for HARQ-ACK can be reduced.

- RRC_Idle UE can participate in the HARQ-ACK transmission.
	- Interference to other UL channel may be high and uncontrollable.

- It may be difficult to be multiplexed with other UL transmission.

- It may be impossible for eNB to recognize scheduling message miss in a UE. 

	UE-specific resource
	- Multiplexing with unicast UL can be easy.

- Multiplexing multiple HARQ-ACK for DL multicast/broadcast can be easy.
- UE’s missing the scheduling message can be detected in the eNB.
	- Overhead for HARQ-ACK can be high.

- It is difficult to support HARQ-ACK transmission from RRC_Idle UEs.


2.3. Maintaining DL physical layer channel in HARQ operations
In supporting HARQ in the physical layer, it needs to be decided whether the same physical layer channel is used in the initial transmission and retransmssions. One may think of the situation where an initial transmission broadcast from multiple cells can be retransmitted in a subset of the cells participated in the initial transmission if all the UEs in the cells outside the subset successfully received the initial transmission. As a special case, a retransmission can take place in a single cell. If this operation needs to be supported for MBMS which is based on PMCH, the physical layer channel used for the retransmssion in a subset of the cells may not be the same as the PMCH used in the initial transmission; PDSCH may be considered, for example. Though this issue has some relation on the multicast/broadcast architecture which determines which entity is in charge of scheduling initial transmission and retransmission, it would be desirable to limit HARQ operation to the same physical layer channel from RAN1 point of view. The operation discussed above can be supported with a single physical layer channel if initial transmission from multiple cells is carried via PDSCH which can be retransmitted in a single cell later.
Observation 1: If the initial transmission is broadcast from multiple cells using PDSCH, it is possible to limit retransmission to the cells receiving NACK without changing the physical layer channel used in the HARQ procedure for DL multicast/broadcast.
3. Discussion on CSI feedback
CSI feedback is another enhancement which is beneficial for DL multicast/broadcast. In principle, CSI for multicast/broadcast can be inferred from CSI feedback for unicast because a connected UE informs the eNB of the multicast/broadcast transmissions it is interested in. Thus, the CSI feedback for the uncast for that UE can be reused as CSI for the multicast/broadcast by the eNB implementation. Details of CSI feedback can be related to the transmission mode and precoding scheme used for multicast/broadcast transmission. Also, it is noteworthy that a new transmission scheme is under discussion in some other items such as further enhanced FD-MIMO. So it is suggested that RAN1 first decides the details of the multicast/broadcast transmission schemes and then discusses whether some specific enhancement is needed for CSI feedback for multicast/broadcast.

Proposal 1: RAN1 first decides the details of the multicast/broadcast transmission schemes and then discusses whether some specific enhancement is needed for CSI feedback for multicast/broadcast.

4. Conclusion
This contribution discussed potential solutions to support HARQ and CSI feedback for DL multicast/broadcast. The discussion can be summarized as follows:
	
	Pros
	Cons

	UE-common resource
	- Overhead for HARQ-ACK can be reduced.

- RRC_Idle UE can participate in the HARQ-ACK transmission.
	- Interference to other UL channel may be high and uncontrollable.

- It may be difficult to be multiplexed with other UL transmission.

- It may be impossible for eNB to recognize scheduling message miss in a UE. 

	UE-specific resource
	- Multiplexing with unicast UL can be easy.

- Multiplexing multiple HARQ-ACK for DL multicast/broadcast can be easy.
- UE’s missing the scheduling message can be detected in the eNB.
	- Overhead for HARQ-ACK can be high.

- It is difficult to support HARQ-ACK transmission from RRC_Idle UEs.


Observation 1: If the initial transmission is broadcast from multiple cells using PDSCH, it is possible to limit retransmission to the cells receiving NACK without changing the physical layer channel used in the HARQ procedure for DL multicast/broadcast.

Proposal 1: RAN1 first decides the details of the multicast/broadcast transmission schemes and then discusses whether some specific enhancement is needed for CSI feedback for multicast/broadcast.
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