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1. Introduction
As the CoMP feature development in Rel-11 concluded on feedback framework of per CSI-RS-resource feedback based on configured IMR, the discussion of control signaling for CoMP and associated transmission mode can proceed. In the last meeting RAN1 #69, the following agreement was reached [1]:
· Agreement:

· 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. 

The agreement tried to address the issue of CRS and PDSCH “collision”, or more precisely the issue that some REs that are available for data transmission from a cell are occupied by CRS of at least one other cell participating in the CoMP transmission.  In this contribution, we discuss the necessary signaling to resolve the issue as part of the control signaling consideration, and also the need of defining a specific CoMP transmission mode.
2. CRS-colliding RE 
CoMP schemes to be considered are DPS, DPB, CBF, and JT which will be enabled with a unified framework of per-CSI-RS resource feedback. The CoMP PDSCH transmission is DMRS based. So from the feedback and transmission perspective, CoMP transmission is transparent to the UE. From the UE’s perspective, there is a serving cell whose ID is determined by PSS/SSS, and a corresponding CRS, and a set of configured CSI-RS resources. 
In scenario #1-3 where there are two or more cells (separate cell IDs) participating in the CoMP transmission and each cell can be a serving cell to some UEs. The obligation to transmit CRS will prevent the cell from participating in the CoMP transmission on that RE location. These CRS locations of a participating non-serving cell are unknown to the UE and they also depend on the type of subframes (i.e., normal or MBSFN). On those REs, at least one participating TP will have a conflict between transmitting CRS and fulfilling its part in CoMP. 
If the two or more cells with separate cell IDs are performing CoMP Joint Transmission (JT) to a UE, unknown position of CRS-colliding REs will be a problem. For CBF, unknown position of other cell’s CRS will not be problematic, even though the knowledge of CRS-colliding REs can be helpful as those CRS present a different interference than the interference caused by data transmission of other cells.  In case of DPS/DPB, since UE is agnostic to the actual cell selected, there will be two cases:

· If the serving cell is the selected TP, technically the UE does not need to know if a RE is being interfered by another TP’s CRS. Note that regardless of muting or blanking of the other cells, their CRS are always sent. 

· If the selected TP is not the serving cell, the UE will not know the CRS of the transmitting TP, even though the UE knows to skip the serving cell’s CRS. 

Observation:

· For JT or DPS/DPB, UE needs to know the CRS-colliding REs when occur, regardless if rate matching or any other transmission scheme is applied for those CRS-colliding REs.

Regarding the handling of CRS-colliding REs, there may be various transmission schemes to consider. In general, there is the simple baseline and more complicated enhancements:  

1) A baseline option with PDSCH rate matching around those CRS-colliding REs, i.e., skipping the CRS-colliding REs with no transmission from any TPs other than the one with CRS obligation. Some loss of spectral efficiency is expected. To mitigate the loss, the TPs can elect to spread the unused transmission power to other data-carrying REs. Note that due to non transmission, the interference on CRS will be reduced to allow perhaps better channel estimation. But it may also result in the estimated interference on CRS not reflecting the actual interference on data REs.
2) Alternatively to define some transmission scheme, known to UEs, that can allow the UE to decode the CRS-colliding REs. One example is that if the one or more CRS can be cancelled to isolate out only the useful signal [5]. In addition, the associated channel that can be used as a reference for demodulating the post-cancellation signals must also be available to the UE, since the DMRS is not a valid reference symbol any more. The UE needs the CRS pattern of all the TPs in order to do cancellation, in addition to the position of CRS-colliding REs (when collision occurs of course). The transmission scheme will not be transparent any more, i.e., at least the UE knows it is for JT only where JT/DPS is UE-agnostic.  This non-transparent CoMP transmission, at least on those CRS-colliding REs, may need further investigation so that we can ensure the gain is justified in light of additional signaling and UE processing complexity.

Proposal #1: A simple rate matching around CRS-colliding REs can be assumed as a baseline. 
If the transmission points, in this case separate cells in scenario #1-3, are made known to the UE in terms of the knowledge of the number of CRS ports, cell ID, MBSFN pattern, and subframe offset, the UE can figure out whether there is any conflict, where the colliding-CRS are, the CRS pattern for possible cancellation. Technically, these parameters are either fixed (e.g., cell ID or CRS ports) or semi-static if a change does happen (e.g., MBSFN pattern). However, CRS collision can happen dynamically from subframe to subframe, because JT and DPS/DPB can be applied dynamically. TP selection is also dynmaic.

Proposal #2: Dynamic signalling to indicate the REs to be skipped in PDSCH rate matching. These REs correspond to CRS position of at least one cell that participates in JT or DPS/DPB transmission. 

2.1. Dynamic signaling

To indicate the CRS-colliding REs for UE rate matching, UE can be informed of the one or more TPs (i.e., cells) whose CRS positions need to be skipped. A set of potential cell IDs may be signaled via high-layer first and the actual cell with colliding CRS is then signaled dynamically in control signaling (i.e., DCI). It was previously agreed that the maximal size of the CSI-RS Measurement Set is 3, so we can design for up to 3 cells for JT or DPS/DPB. Other than the serving cell (cell#0), there are up to 2 cells IDs RRC signaled to the UE, let us denote as cell#1 and cell#2, a simple 2-bit field may look like:

	Bit value
	Indication of rate matching around potential CRS-colliding REs

	00
	No CRS-collision (eNB ensures the case to align rate matching assumption)

	01
	Rate matching around CRS of cell#1 (if its CRS do not overlap with CRS of cell#0)

	10 
	Rate matching around CRS of cell#2 (if its CRS do not overlap with CRS of cell#0)

	11
	Rate matching around CRS of both cell#1 and #2


Once the cell ID for cell#1 and Cell#2 are known, their CRS patterns are known exactly. One or both may have their CRS overlapping with the CRS of cell#0 in which case we may not need two bits technically. But even in this overlapping case, the overlapping CRS patterns will be known in this 2-bit design. This knowledge can also be helpful to UE.  If the cell IDs are signaled via high layer, the number of CRS ports can be also included. 

MBSFN pattern 

If all other TPs are in MSBFN subframe, a UE does not need to rate match around any CRS. It can be easily done with the signaling of “00”. On the other hand, a UE still needs to rate match around REs colliding with CRS of other cells(s) if these cells are not in MBSFN subframe. The MBSFN pattern (relative to the serving cell SFN in case the SFN are not aligned) can be easily signaled via high layer along with the Cell ID and CRS ports signaling. If MBSFN pattern is not signaled, the UE may assume the same pattern as the serving cell. In fact, aligning MBSFN patterns will allow all the REs to be usable for CoMP, so there is an advantage to do so in deployment.
Proposal #3: Up to 2 cell IDs with number of CRS antenna ports and respective MBSFN pattern (including any SFN offset) can be RRC signaled to the UE, and a 2-bit rate-matching field in a DCI format can be defined to dynamically signal all cases of rate matching around potential CRS-colliding REs. 

The above signaling may allow the UE to infer the CoMP transmission scheme in some cases, hence the transmission points may not be transparent any more. But on the other hand, a UE will not able to tell DPS or JT even if it receives an indication of rate matching around the CRS of a non-serving cell. So the transmission is still fundamentally agnostic to the UE since the decoding is still DMRS based. CSI feedback is still CSI-RS based with configured IMR. The signaling is for rate matching purposes only, even though it does provide the possibility of CRS based measurement & feedback for CoMP. 
Note that it is not to say that we need to define an ID for a TP. It is just naturally for scenario #1-3 we have a cell ID for each TP. One may think that each CSI-RS resource corresponds to a high-layer signaled initialization seed, and each CSI-RS resource corresponds to a TP typically. Hence the seed can be deemed as an ID of the TP. But this kind of association is not true if CSI-RS resource and TP does not have one-to-one relationship. 

3. PDSCH starting symbol and signaling

The issue of mis-aligned starting symbol of PDSCH in different cells has also being noted, because the PDCCH region can span 1, 2, or 3 symbols from subframe to subframe. In JT, the largest PDCCH region among all TPs dictates the starting point. Hence, it is better to align them to avoid loss of the too many REs. For DPS, there is no such potential waste because the starting point will just follow the selected transmitting point. Since PDCCH region can change from subframe to subframe, a dynamic signaling will be useful. A maximal 2-bit field to indicate explicitly the starting symbol (#0, 1, 2, or 3) can be considered. Note that in DPS, but not in JT, the starting symbol can be earlier than that of the serving cell indicated by serving cell’s PCFICH. In fact, the starting point indication for JT can be even fixed (e.g., always assume the same as the serving cell, which is a reasonable operation as discussed previously). At least, the starting point in JT case will always equal to or later than that of the serving cell – a property that can be exploited to reduce the signaling bits if UE knows JT or DPS transmission. 

The dynamic indication of starting symbol is more useful for DPS. Hence the bit field should only be defined for CoMP transmission mode (JT or DPS remains UE-agnostic). This is one of the reasons for defining a CoMP transmission mode which will be discussed later.

Proposal #4: At least for DPS, a 2-bit PDSCH start point indication field can be defined in DCI. 

4. Rate matching indication of other signals 

If the cell-IDs of CoMP Measurement Set are RRC signaled to a UE, along with subframe offset (proposal #3), most of cell-specific signaling including PSS/SSS and PBCH can be rate matched around as well. UE-specific signals like CSI-RS from multiple cells are typically known to the UE. If JT or DPS is likely to be applied, the corresponding CSI-RS should be included in the CoMP Measurement Set. That brings the question of whether a cell can configure CSI-RS for some UEs, but not others. In our view it is possible. What if then the cell needs to transmit to a UE that does not know that some REs are used as CSI-RS for some other UEs. We think this is not typical and can be avoided at eNB. Basically the case is that the cell is selected in DPS but it did not anticipate becoming the transmission point for that UE (thus did not make its CSI-RS known to the UE). Normally, the UE will be configured with that cell’s CSI-RS.  If the cell decides to temporarily transmit to that UE without being previously included in the CoMP Measurement Set, it is similar to the case of R8/9 UEs being served in subframes with CSI-RS. Performance degradation is inevitable, but may be tolerable. 
For PRS which are also UE-specific but unknown to a UE, eNB should be able to avoid any conflict.  

Proposal #5: It is unnecessary to indicate any rate matching around CSI-RS or PRS unknown to a UE. PSS/SS and PBCH can be rate matched around if the cell-IDs of CoMP Measurement Set are RRC signaled to a UE, along with their subframe offset (proposal #3). 

5. Definition of CoMP transmission mode  

Similar to TM9, CoMP transmission is DMRS based. So DCI format 2C can be used as a starting point. By the way, we prefer DCI format 2C to 2B for 2C’s more flexible antenna ports to SCID mapping (3 bits versus 1bit). There are a few key differences between CoMP and TM9:

· Multiple CSI feedback based on per CSI-RS-resource is unique to CoMP, once a UE is configured in CoMP mode

· Interference measurement based on IMR will be different from CRS based interference measurement in TM9 

· The need of dynamic control signaling of rate matching around CRS-colliding REs in JT and DPS, as well as the starting symbol of PDSCH especially for DPS

It is cleaner and easier to define a CoMP specific TM, instead of using TM9. It is preferred to maintain the unified feedback framework to support scenario #1-4, and in a UE-agnostic manner. Hence, a single new DCI format is defined without separate mode for different CoMP schemes like CBF, JT, or DPS/DPB.
Proposal #6: Define a new transmission mode specific for CoMP, with a single new DCI format based on format 2C, and no separate transmission modes for CBF, JT, or DPS/DPB (i.e., UE-agnostic transmission). 

6. Conclusion 
In this contribution, we discuss the necessary signaling to resolve the issue of rate matching around potential CRS-colliding REs in JT and DPS/DPS, as well as the need of defining a specific CoMP transmission mode.
We first observe that:

· For JT or DPS/DPB, UE needs to know the CRS-colliding REs when occur, regardless if rate matching or any other transmission scheme used for those CRS-colliding REs.

We have the following proposals:
Proposal #1: A simple rate matching around CRS-colliding REs can be assumed as a baseline. 
Proposal #2: Dynamic signalling to indicate the REs to be skipped in PDSCH rate matching. These REs correspond to CRS position of at least one cell that participates in JT or DPS/DPB transmission. 

Proposal #3: Up to 2 cell IDs with number of CRS antenna ports and respective MBSFN pattern (including any SFN offset) can be RRC signaled to the UE, and a 2-bit rate-matching field in a DCI format can be defined to dynamically signal all cases of rate matching around potential CRS-colliding REs. 

Proposal #4: At least for DPS, a 2-bit PDSCH start point indication field can be defined in DCI. 

Proposal #5: It is unnecessary to indicate any rate matching around CSI-RS or PRS unknown to a UE. PSS/SS and PBCH can be rate matched around if the cell-IDs of CoMP Measurement Set are RRC signaled to a UE, along with their subframe offset (proposal #3). 

Proposal #6: Define a new transmission mode specific for CoMP, with a single new DCI format based on format 2C, and no separate transmission modes for CBF, JT, or DPS/DPB (i.e., UE-agnostic transmission). 
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