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1. Introduction
In RAN1#84bis meeting, a WF on enhancements for multi-cell multicast/broadcast [1] was discussed, and the following conclusion was made based on discussions on the related issues:
	Conclusions:
· 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 further discuss details on DL multicast/broadcast enhancements based on the conclusions made in the last meeting.
2. Discussion
It is concluded in RAN1#84bis that the extension of using PDSCH to multi-cell broadcast is beneficial, in that the PDSCH is based on DMRS so that multi-cell coordinated transmission is possible similar to what can also be done by MBMS transmissions. More specifically, this PDSCH can be transmitted from either the serving cell or a neighboring cell, or even from multiple cells thanks to already supported TM10 operation, which cannot be operated based on SC-PTM since SC-PTM is only based on CRS with TM1/TM2 only. In the following, we further elaborate potential enhancement topics related to multi-cell broadcast from the physical layer point of view.

2.1. PDSCH transmitted from different TP sets
As discussed above, the merits of MBMS multi-cell transmissions need to be utilized to obtain robustness in performance. In this regard, it is highly desirable to reuse the physical format of PDSCH, resulting in overall significant performance gains as observed in our contribution [2]. In order to practically achieve the noticeable gain and implement it efficiently over the existing cellular network, TM10 based PDSCH format is desired to be reused for DL multicast/broadcast in that the identified enhancement principles can be properly enabled by TM10, compared to CRS-based TMs where much more specification impacts and changes are anticipated to achieve the identified benefits.

TM10 already supports PDSCH transmission from different transmission point (TP) sets, such that for V2V service a UE can receive PDSCH for broadcast from a set of TPs in one resource and from a different set of TPs in another resource. For each PDSCH transmission, the set of TP can consist of one or multiple TPs. Multiple TPs may belong to the same cell or different cells. When those TPs belong to different cells, the TPs may belong to the same eNB or different eNBs as illustrated in Figure 1. From a UE viewpoint, a TP participating in PDSCH transmission for broadcast may or may not belong to its serving cell.
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Figure 1. PDSCH broadcast from a set of TPs
When multiple TPs belong to different eNBs, PDSCH broadcast is scheduled by MCE, like in MBSFN transmission. That is, the MCE periodically selects time/frequency resources and MCS level for PDSCH broadcast for those eNBs. When multiple TPs belong to the same eNB, PDSCH broadcast is scheduled by the eNB, like in SC-PTM transmission. That is, the eNB selects time/frequency resources and MCS level for PDSCH broadcast, e.g. if scheduling information is not provided by MCE.
Dynamic scheduling of downlink broadcast is beneficial for support of V2V service. Hence, PDCCH is used to inform UEs about scheduled PDSCH broadcast regardless of whether those TPs belong to the same eNB or not. From a UE perspective, PDSCH broadcast from multiple TPs is scheduled like SC-PTM. From a network perspective, MBSFN area concept is used when PDSCH broadcasts from multiple cells. The MCE coordinates which subframes participate in multiple cell PDSCH broadcast by utilizing the existing M2 signaling. This is similar to configuration of MBSFN subframes. Note that PDSCH broadcast from multiple TPs can be transmitted on any subframe, i.e., not limited to MBSFN subframes only.
In the following subsections, further details on TM10 based operations for V2X are discussed, with elaborations on necessary enhancement areas.
Proposal 1: TM10 is reused for DL multicast/broadcast enhancements for support of V2V service.

2.2. Quasi co-location
Considering the DL multicast/broadcast is a type of joint transmission from multiple TPs, existing UE behaviours on quasi co-location (QCL) assumptions in TM10 need to be further investigated. UE configured with TM10 can be configured with QCL Type A or Type B by RRC signalling in the current specification, where Type A essentially implies all RS ports configured to the UE are quasi co-located each other, and Type B let the UE perform dynamic point selection (DPS) for PDSCH reception by indicating one CSI-RS resource QCLed to the PDSCH DMRS in a given subframe.

These legacy behaviours on QCL assumptions can be regarded to be optimized for targeting a single cell/TP transmission, not multi-cell/TP joint transmission, since such dynamically indicated QCLed CSI-RS by DCI signalling is generally transmitted from a single cell/TP. Therefore, how to provide proper QCL signalling as well as PDSCH rate matching (RM) for supporting DMRS-based PDSCH broadcast from a set of TPs needs to be thoroughly investigated. Note in Rel-11 CoMP discussions, joint transmission with necessary QCL signalling had been partly discussed, but it was mainly targeting for “coherent JT” based on CSI feedback from UE. On the other hand, PDSCH broadcast for V2X services is practically to be based on open-loop transmissions mainly due to the high mobility of UEs, so that “non-coherent JT” is regarded to be a major target for the PDSCH broadcast. Note inter-TP coordination for JT, point selection, muting, and so on, can be transparent to UE with possible exception for QCL and RM, when the UE is configured with TM10. Proper architecture based on Figure 1 will be discussed in other WGs.
Our high level view on candidates of such open-loop schemes for supporting PDSCH broadcast are given in the next subsection with relevant potential enhancements.
Observation 1: Legacy QCL signaling and related behaviors are optimized for targeting a single cell transmission.

Proposal 2: Proper enhancements on QCL and RM behaviors are required for supporting DMRS-based PDSCH broadcast which is based on multi-cell/TP joint transmissions.

2.3. Open-loop precoding
As mentioned above, appropriate DMRS-based open-loop precoding schemes for PDSCH broadcast need to be further studied, which can be overall classified with following topics:

· Schemes for obtaining macro diversity from multi-cells:
· Multiple cells/TPs participating in PDSCH broadcast transmit together the same V2X message to be combined over the air in the SFN transmission manner. Differences from MBMS transmissions include smaller size of cluster consisting of several cells/TPs, DMRS-based PDSCH, and much reduced RS compared to MBSFN RSs. When shared-cell/TP CSI-RS resources are employed for such SFN transmissions, lots of possible cell/TP combinations each corresponding to a CSI-RS resource may exist and need to be transmitted at least for QCL purpose, causing extensive CSI-RS overhead. Further studies are needed to avoid such CSI-RS overhead, e.g., considering per-TP QCL tracking and combining them at the UE side according to the SFN transmission in a given cluster.

· Schemes for OL-MIMO precoding within a cell:
· Possibly in conjunction with above macro diversity schemes across multiple cells/TPs, it would be also desired that each cell’s transmitted PDSCH is generated by a certain OL-MIMO or semi-OL MIMO precoding. Specifically, RB-level and/or RE-level precoder cycling can be further considered in order to achieve frequency diversity as well. Semi-OL MIMO which is being discussed in Rel-14 eFD-MIMO can also be applicable for PDSCH broadcast.
Proposal 3: Schemes for obtaining macro diversity from multi-cells/TP and OL-MIMO precoding within a cell need to be further investigated, to achieve robust performance for PDSCH broadcast.

2.4. PDCCH-based dynamic scheduling
It is concluded dynamic scheduling of downlink broadcast is beneficial for support of V2V service. Hence, further details on how to enable this need to be discussed and determined, including issues on search space and DCI format for scheduling PDSCH broadcast. PDSCH broadcast can be dynamically scheduled by L1 scheduling grant, where the relevant DCI is desired to be transmitted on the common search space since the DCI is to be received by multiple UEs. Since DCI format 2D is used for TM10, it can be reused as much as possible for the downlink broadcast scheduling, where it is FFS whether multi-layer transmission needs also to be supported for DL broadcast purpose. 
An issue to be discussed and decided is whether or not the same payload size of the DCI is desired to be designed as that of the existing DCI 1A in common-search space. It may be desirable to have the same payload size as legacy, so that additional blind detection complexity can be avoided. To have the same payload size, some existing fields in DCI 1A can be removed or replaced by new fields necessary for PDSCH broadcast scheduling, e.g., FFS on how many bits necessary for TPC and HARQ fields. Details of the related design needs further investigated. Note it should also be discussed how to enable the PQI indication as in legacy DCI format 2D and the dynamic indication of scheduling TB associated to a TMGI.
Proposal 4: Further investigations on PDCCH-based dynamic scheduling are needed including the aspect of search space and DCI format design.
3. Conclusion
This contribution discussed further details on DL multicast/broadcast enhancements based on the conclusions made in RAN1#84bis. Following observation and proposals are given, based on the discussion:
Proposal 1: TM10 is reused for DL multicast/broadcast enhancements for support of V2V service.

Observation 1: Legacy QCL signaling and related behaviors are optimized for targeting a single cell transmission.

Proposal 2: Proper enhancements on QCL and RM behaviors are required for supporting DMRS-based PDSCH broadcast which is based on multi-cell/TP joint transmissions.

Proposal 3: Schemes for obtaining macro diversity from multi-cells/TP and OL-MIMO precoding within a cell need to be further investigated, to achieve robust performance for PDSCH broadcast.

Proposal 4: Further investigations on PDCCH-based dynamic scheduling are needed including the aspect of search space and DCI format design.
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