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1 Introduction

It has been agreed that three CoMP schemes, namely, joint transmission (JT), coordinated scheduling and beamforming (CS/CB), and dynamic point selection (DPS), will be supported in Rel-11[1]. 
In CoMP CS/CB, the data will be transmitted through the transmission point (TP) of the serving cell, same as the case in conventional single cell (without CoMP) systems. Therefore, there is no issue on the PDSCH mapping for CoMP CS/CB. However, for CoMP JT and DPS, the TP or TPs other than that of the serving cell might be involved in the data transmission. In this case some problems arise due to different signalling structures. One issue is the CRS/PDSCH collision due to different frequency shifts for the CRS RE positions corresponding to different TPs. The other issue pertains to the PDSCH start point due to different sizes of the PDCCH regions for different TPs. These issues have been realized and discussed in the CoMP study item stage itself, and have been included in the CoMP WI [1][2].
In this contribution, we first recap these two PDSCH mapping issues in CoMP JT and DPS. We then consider some potential solutions for the PDSCH mapping in CoMP. 
2 Discussions 
2.2 CRS-PDSCH Collision Issue In CoMP
Since the CRS is positioned on the REs with a cell-specific frequency shift, the CRS RE positions are different for different cells or for the TPs with different cell IDs. This will cause the collisions between the CRS REs and the data symbols transmitted on the PDSCH REs for the CoMP JT. Since the CoMP transmission scheme may be transparent to the UE, such collision can also exist for the CoMP DPS transmissions since under DPS, the UE may not know which TP is eventually employed by the network to serve it. 
An example is shown in Figure 1, in which two TPs with different cell IDs transmit CRS's each with 2 antenna ports. Due to different cell IDs, the RE locations for the CRS can be different. For the JT, the data symbols have to be transmitted through both TPs. Therefore, for the CRS RE position at the either TP, JT cannot be realized due to the collisions between CRS and data REs for these two TPs. We can ignore the collision by simply transmitting the symbol though either TP without implementing JT at the collision REs. However, this can cause significant performance degradation due to the CRS interference. On the other hand, for DPS, since CoMP transmission is transparent to the UE, the UE does not know which TP is eventually selected to serve it. Therefore, the UE does not have the knowledge of the exact RE positions for CRS sent from this TP. Again, for DPS, although the UE may still assume the CRS positions of the serving cell, the mismatch between the data symbol and CRS signal can cause performance degradation. This seems more severe than the problem in JT as all the data symbols on the collided CRS REs are missed for detection.
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Figure 1: An example of CRS/PDSCH collisions for two TPs with different cell IDs. Both TPs have two CRS antenna ports.
2.3 PDSCH Start Point Issue In CoMP
For different cells, the size of PDCCH region, or the number of OFDM symbols in a subframe for PDCCH transmission, could be different. Thus, the PDSCH starting points can be different for different TPs in the CoMP set. Since the coded QAM symbols are sequentially placed in the PDSCH REs, this problem is more severe if the UE assumes a different PDSCH start point over the one configured by the network. Therefore, a mutually consistent assumption on the PDSCH start point or the signalling of the PDSCH start point is needed.
2.4 PDSCH Mapping in CoMP
The default PDSCH mapping approach for CoMP JT and DPS is that the PDSCH mapping always aligns with the mapping of the serving cell including the PDSCH start point and the assumption on the CRS RE positions. This default approach does not require additional DL signalling, and thus has minimum standard impact. However, due to mismatched PDCCH regions and CRS/PDSCH collisions, some RE resources can be wasted or experience strong interference from CRS signals of other cells. Thus such default approach can incur large CoMP performance degradation on the spectral efficiency due to RE resource wasting and the CRS interference. Note that in this case it may not be possible to apply the CRS interference cancellation as the UE need not have enough knowledge to decode the interfering CRS.
Several potential solutions to solve the CRS/PDSCH collision issue in CoMP are summarized in [4] and listed as follows.
· Transparent approach
· MBSFN subframe

· Extension carrier, if defined (include measurement restriction with CRS muting)
· Single cell ID CoMP 

· No use CRS OFDM symbols 

· Non-transparent approach

· Dynamic/semi-static CRS mapping pattern signaling
These approaches need not be spectrally efficient or are restricted to some specific settings. We now consider ways to address the CRS/PDSCH collision issue based on PDSCH muting. For any CRS/PDSCH collided REs, an approach would be to not to transmit the data symbol in PDSCH REs. The PDSCH mapping with PDSCH muting may then be needed to be signalled to the CoMP UE. If we send exact PDSCH mapping to the CoMP UE dynamically, the PDSCH RE muting may not be needed for the CoMP DPS. However, dynamically transmitting the exact PDSCH mapping requires a large signalling overhead. Therefore, the PDSCH muting based on the CoMP measurement set seems more promising. Here all the PDSCH REs that collide with the CRS REs from any other TP with the corresponding CSI-RS resource in the CoMP measurement set are muted for data transmission. Since the measurement set is semi-statically configured, the PDSCH mapping with muting can be signalled to the UE semi-statically. Also it has been agreed in the last meeting, the maximum size of CoMP measurement size is either 2 or 3. Thus, PDSCH muting based on the measurement set will not degrade the spectral efficiency performance much.  
Proposal 1: For CoMP JT or DPS, the network semi-statically informs the CoMP UE the union of the CRS RE patterns for the TPs or CSI-RS resources in the CoMP measurement set of  the UE, which are excluded from the data transmissions in PDSCH to that UE. 
With the new PDSCH rate matching, the TBS size is changed as the number of REs available in an RB for the CoMP data transmission changes. To minimize the standard impact, we can reuse the TBS table in TS36.213. The symbol-to-RE mapping for the new PDSCH rate matching with RE muting can be realized by either symbol puncturing (which will align with PDSCH mapping in one cell) or symbol shifting as show in Figure 2. Symbol puncturing seems preferable as all data symbols except the ones on the muting REs are the same as the symbol mapping in the case without RE muting. If PDSCH mapping with the symbol puncturing is aligned with that of the serving cell, no additional signal is required. However, further studies are needed on the exact RE mapping.
Proposal 2: For PDSCH mapping in CoMP, the TBS table in TS36.213 can be reused. The detailed PDSCH symbol to RE mapping is FFS.
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Figure 2 Data mapping for PDSCH rate matching with RE muting. Left: symbol puncturing, Right: symbol shifting
The above semi-static approach may not bring much gain over the default approach. We now consider the following approach.
Proposal 3: For CoMP JT or DPS, the network semi-statically informs a CoMP UE the CRS information for each TP in the CoMP measurement set of that UE, and the PDSCH mapping that the network will follow to serve that UE. 
With above approach, the interference cancellation can be applied since the UE is able to decode all the CRS signals in its CoMP measurement set.

The network can also semi-statically inform the UE the PDSCH start point. However for DPS, if there is a mismatch between the PDSCH start points for the TPs in the CoMP measurement set, it will cause spectral efficiency loss. We now consider the following hybrid approach to convey the PDSCH mapping information dynamically.
Proposal 4: For CoMP JT or DPS, the network semi-statically informs a CoMP UE the CRS information and PDSCH start point for each TP in the CoMP measurement set of that UE in some order. The network then informs the UE dynamically the PDSCH start point and CRS pattern that the PDSCH mapping will follow by conveying the indices corresponding to them.
3 Conclusion 
In this contribution, the PDSCH mapping issues for CoMP JT and DPS have been discussed. We consider the following alternatives for the PDSCH mapping in CoMP:
Proposal 1: For CoMP JT or DPS, the network semi-statically informs the CoMP UE the union of the CRS RE patterns for the TPs or CSI-RS resources in the CoMP measurement set of  the UE, which are excluded from the data transmissions in PDSCH to that UE. 
Proposal 2: For PDSCH mapping in CoMP, the TBS table in TS36.213 can be reused. The detailed PDSCH symbol to RE mapping is FFS.
Proposal 3: For CoMP JT or DPS, the network semi-statically informs a CoMP UE the CRS information for each TP in the CoMP measurement set of this UE, and the PDSCH mapping that the network will follow to serve that UE.
Proposal 4: For CoMP JT or DPS, the network semi-statically informs a CoMP UE the CRS information and PDSCH start point for each TP in the CoMP measurement set of that UE in some order. The network then informs the UE dynamically the PDSCH start point and CRS pattern that the PDSCH mapping will follow by conveying the indices corresponding to them.
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