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1 Introduction
Regarding on downlink control signalling for CoMP, it was agreed in RAN1#70 [1] that
· Introduce new TM10 for Release 11 CoMP

· If any new DCI signalling is needed for CoMP, use a new DCI format based on Format 2C; otherwise use Format 2C
· In TM10, the UE monitors the above DCI format and Format 1A
Following the above agreement, one remaining issue on downlink control signalling for CoMP is whether or not to introduce any new information element on top of DCI format 2C. Taking into account the discussion on CoMP until RAN1#70, there are the following two aspects that need to be indicated by dynamic signalling, which are related to the support of DPS and JT among multiple transmission points (TP):
· PDSCH RE mapping

· Quasi co-location assumption between CSI-RS and DMRS

For JT and DPS, the data intended to a particular UE is shared among different TPs and transmitted to the UE from one or multiple TPs which are dynamically chosen by the network. The consequence of such dynamic change is similar level of alternation between multiple PDSCH RE mappings and quasi co-location assumptions.
Regarding PDSCH RE mapping for JT and DPS, the following agreement was made in RAN1#69 [2]:

· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 

Additionally, regarding quasi co-location assumption between CSI-RS and DMRS, the following was agreed in RAN1#70

· A UE behavior supported by a Release 11 is the following:
· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· The signaling of Z is implicit or explicit
· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI on downlink control signalling
In this contribution, we focus on design considerations of new DCI signalling in TM 10 addressing the FFS aspects.
2 PDSCH RE Mapping in TM 10
For a TM 10 UE, the set of TPs transmitting PDSCH can be dynamically changed on a subframe level. Additionally, each cell can have its own MBSFN subframe configuration and physical Cell-ID which may result in different CRS positions of different cells since the CRS starting position is determined by vshift which is equivalent to “physical Cell-ID mod 6”. Furthermore, the number of CRS ports and PDSCH starting OFDM symbol index could also be different for each cell. Therefore the available PDSCH REs for CoMP depends on which set of cells are transmitting PDSCH. For this reason, in order to maximize the wireless resource utilization for CoMP operation among multiple cells, it would be beneficial if the network has the capability to provide the UE with information on the  UE assumption for PDSCH RE mapping.

2.1 Indication of Available REs for PDSCH Transmission
In order to indicate to a TM 10 UE the exact available REs for PDSCH transmission, at least the following four parameters may need to be delivered:
· CRS starting position (vshift = Cell-ID mod 6)
· Number of CRS antenna ports

· MBSFN subframe configuration

· Number of PDCCH OFDM symbols (PDSCH starting OFDM symbol index)
The signalling for the CRS starting position of a neighbouring cell was already agreed in RAN1#69. Regarding on the number of CRS antenna ports, if it is not signalled to UEs, either the number of CRS antenna ports of the serving cell or a fixed CRS antenna ports (e.g. four ports) could be assumed. Either way, it could cause resource waste or CRS interference because of the mismatch between the number of actual CRS antenna ports and the number of CRS antenna ports assumed by the UE. Given the fact that RRC signalling is already needed to indicate the CRS starting position, it seems reasonable to signal the number of CRS antenna ports given the obvious performance impact on PDSCH.
As discussed in [3], different MBSFN subframe configurations between coordinating cells also result in different available REs for PDSCH transmission. If the signalling for MBSFN subframe configurations of neighbouring cells is not introduced, UEs would assume that neighbouring cells use the same MBSFN configuration as the serving cell. As shown in Figure 1, such an assumption could cause resource waste when a scheduled cell (Cell-2) is an MBSFN subframe and the serving cell (Cell-1) is a normal subframe. On the contrast, when a scheduled cell (Cell-1) is a normal subframe and the serving cell (Cell-2) is an MBSFN subframe, the UE would mistake CRS positions in the scheduled cell for PDSCH REs causing severe performance degradation. One might argue that the network can apply the same MBSFN subframe configuration in cooperating cells for CoMP. However, such a restriction would have a negative impact on the network flexibility.
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Figure 1: PDSCH RE mapping in case of different MBSFN configurations.
Another aspect that needs consideration is the fact that cells can have different number of OFDM symbols for PDCCH transmission. If the signalling for PDSCH starting symbol indices of neighbouring cells is not introduced, UEs would assume that neighbouring cells have the same PDCCH region as the serving cell. Similar to the above issue on MBSFN subframe configuration, if there is a mismatch between the actual PDSCH starting symbol index and the PDSCH starting symbol index assumed by the UE, it could also cause resource waste or CRS interference. The PDSCH starting symbol index for the serving cell can be indicated by the PCFICH but for the other cells such an approach might not be applicable. Considering this aspect, it is proposed that the monitoring of the PCFICH to determine the PDSCH starting symbol index be restricted to the serving cell while for the rest of the cells a semi-statically configured PDSCH starting symbol index is assumed. Therefore, specification support would be provided that allows the network to configure the UE to monitor the PCFICH or configure a semi-static value for obtaining PDSCH starting position.
One way to address the dynamically changing PDSCH resources is to define multiple sets of candidate PDSCH RE mappings. Each PDSCH RE mapping will include information on CRS starting position, number of CRS ports, MBSFN subframe configurations, and PDSCH starting OFDM symbol index. The configuration would be done using RRC signalling in a UE specific manner.
Proposal 1: Support capability to configure multiple sets of PDSCH RE mappings for a UE. For each PDSCH RE mapping, the following information is conveyed to the UE using RRC signalling:
· CRS starting position: vshift  (= Cell-ID mod 6)

· Number of CRS antenna ports

· MBSFN subframe configuration
· Number of PDCCH OFDM symbols (PDSCH starting OFDM symbol index) 
With the configuration of multiple sets of PDSCH RE mappings, the UE can be aware of the potential PDSCH REs that it should use. However if the UE is configured with different available PDSCH REs for multiple cells, the UE would require additional indication from the network on what to assume when receiving the PDSCH. Since the TP selection is done in a dynamic manner based on the scheduler’s decision, such information should be conveyed to the UE in a dynamic manner as well, i.e. using the PDCCH/ePDCCH. 
Table 1 shows an example of UE assumption for one bit DCI field to indicate PDSCH RE mapping. Depending on whether the indication bit is 0 or 1, the UE would assume the PDSCH RE mapping for a first or second cell configured by higher layers, respectively. For example, if a UE is configured with Cell-1 and Cell-2, the state ‘0’ and ‘1’ would be associated with Cell-1 and Cell-2, respectively. Based on the value of the indication bit, the UE could know which PDSCH RE mapping it should assume. Additionally, the two states for the 1-bit DCI field could also be associated with quasi co-location assumptions between CSI-RS and DMRS as proposed in [4] and [5].
In order to efficiently support DPS among more than 2 cells, 2-bit DCI field can be an alternative way to indicate PDSCH RE mapping and quasi co-location as shown in Table 2. Four candidates of PDSCH RE mapping and quasi co-location assumption are signalled by higher layers and one of them is dynamically indicated by the 2-bit DCI field.
Table 1: One-bit dynamic indication field for PDSCH RE mapping and co-location assumption.

	Indication value
	UE’s assumption of PDSCH RE mapping
	Quasi co-location assumption between DMRS and CSI-RS

	0
	First PDSCH RE mapping configured by higher layers 
	First co-location assumption configured by higher layers

	1
	Second PDSCH RE mapping configured by higher layers 
	Second co-location assumption configured by higher layers


Table 2: Two-bit dynamic indication field for PDSCH RE mapping and co-location assumption.

	Indication value 
	UE’s assumption of PDSCH RE mapping
	Quasi co-location assumption between DMRS and CSI-RS

	00
	First PDSCH RE mapping configured by higher layers 
	First co-location assumption configured by higher layers

	01
	Second PDSCH RE mapping configured by higher layers 
	Second co-location assumption configured by higher layers

	10
	Third PDSCH RE mapping configured by higher layers 
	Third co-location assumption configured by higher layers

	11
	Fourth PDSCH RE mapping configured by higher layers 
	Fourth co-location assumption configured by higher layers


In order to minimize additional DCI overhead to support indication of dynamic PDSCH RE mapping in Release 11, reusing an existing field in the current DCI formats would be worthwhile. One such existing field could be nSCID which is used for dynamic switching of DMRS scrambling sequences. The reason why it is possible to jointly indicate DMRS scrambling and PDSCH RE mapping is that both are dependent on which cell is transmitting the PDSCH. For example, when a UE is configured with Cell-1 and Cell-2 which use different DMRS scrambling sequences and PDSCH RE mappings, nSCID can be used to indicate which cell is used for PDSCH transmission.
Proposal 2: Support dynamic indication of PDSCH RE mapping for CoMP using a 1 bit or 2 bits field to dynamically indicate the PDSCH RE mapping:
· 
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 which is used for dynamic switching of DMRS scrambling sequence could be reused to minimize additional DCI overhead for CoMP
2.2 PDSCH RE Mapping for CRS Positions of Multiple Cells
Another remaining issue for downlink CoMP is whether to define a PDSCH RE mapping that takes into account CRS positions of multiple cells. Such a PDSCH RE mapping is mainly focused on the support of inter-cell JT. It should be noted that even without consideration for CRS positions of multiple cells, DPS among inter/intra-cell TPs and JT among intra-cell TPs can fully supported. In addition, inter-cell JT can also be supported by well-coordinated MBSFN subframe configurations. Furthermore, it is uncertain that additional signalling support for inter-cell JT with a large CRS overhead would provide a significant system performance gain despite the large overhead. 
Nevertheless, if such a PDSCH RE mapping for multiple cells is supported in Release 11, eNB and UE implementation burden should be minimized. That is, it seems preferable to reuse existing method of resource mapping as much as possible. Our preference in this case would be to introduce the concept of a ‘reference cell’ for when PDSCH REs are configured for multiple cells. The reference cell would be one of the cells for which the CRS and MBSFN configuration has been signalled. The UE would assume the order of resource mapping to follow that of the reference cell but skip the CRS REs for other cells. Since the UE would use the above presented dynamic indication field to know whether REs for multiple CRSs are skipped or not, PDSCH decoding can be done taking into account the exact puncturing position. Such a resource mapping order is shown in Figure 3.
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Figure 3: Resource mapping for JT

Proposal 3: If PDSCH RE mapping for CRS positions of multiple cells is supported in Release 11, resource mapping order based on puncturing should be supported

· The order of resource mapping follows the Release 10 mapping of the reference cell
· The cells other than the reference cell transmit the same symbol as the reference cell in the same RE position
· The UE assumes the order of resource mapping to follow that of the reference cell but skip the CRS REs for other cells
3 Conclusion
This contribution summarizes Samsung’s view on design considerations of PDSCH rate matching for JT and DPS in Release 11. Based on the above discussions, the following proposals are made:
Proposal 1: The following information should be conveyed to a UE via RRC signalling to indicate the available REs for PDSCH transmission of neighbouring cells.

· CRS starting position: vshift  (= Cell-ID mod 6)

· Number of CRS antenna ports

· MBSFN subframe configuration
· Number of PDCCH OFDM symbols (PDSCH starting OFDM symbol index) 
Proposal 2: Support dynamic indication of PDSCH RE mapping for CoMP using a 1 bit or 2 bits field to dynamically indicate the PDSCH RE mapping.

· 
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Proposal 3: If PDSCH RE mapping for CRS positions of multiple cells is supported in Release 11, resource mapping order based on puncturing should be supported

· The order of resource mapping follows the Release 10 mapping of the reference cell
· The cells other than the reference cell transmit the same symbol as the reference cell in the same RE position
· The UE assumes the order of resource mapping to follow that of the reference cell but skip the CRS REs for other cells
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