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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, in 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 on PDSCH RE mapping, e.g., the CRS/PDSCH collision due to different frequency shifts for the CRS RE positions corresponding to different TPs, and 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 RAN1#69, the way to solve the PDSCH RE mapping issues in CoMP has been discussed and additional downlink control signalling might be needed to solve these issues. The following has been agreed in RAN1#69 meeting [3]:

· Provide signalling to indicate the CRS position of at least onecell 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. 

Several alternatives have been introduced in [4] on the DL control signal for CoMP PDSCH mapping, either semi-statically or dynamically.  In this contribution, we provide some detailed signal designs for different alternatives and discussions on these schemes.
2 Discussions 
2.2 PDSCH Mapping Issues in CoMP
In CoMP JT and DPS transmissions, since the transmission points other than the serving cell are involved in the actual data transmissions, the UE does not have the knowledge of the exact PDSCH RE mapping unless a certain assumption or additional DL control signal is specified. The PDSCH mapping for CoMP JT and DPS has the following issues.

· The CRS/PDSCH collision or the CRS positions of the transmission points for PDSCH transmissions.

· The starting point (OFDM symbol) of the PDSCH due to different sizes of PDCCH regions.
· The information of MBSFN subframes.

The details of these issues have been discussed and several alternative solutions have been provided in [4]. In this contribution, we further discuss the PDSCH RE mapping solutions and their necessary DL control signalling.
2.3 PDSCH RE Mapping Solutions 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 need to introduce 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. 

Some potential solutions to solve the CRS/PDSCH collision issue in CoMP are summarized in [5], e.g. not using any OFDM symbols that contain CRS REs or only using MBSFN subframe for CoMP JT or DPS transmissions where there is no CRS, as also suggested in [6]. However, these approaches are either not spectrally efficient or are restricted to some specific settings. It is argued in [6] that the approach of using the MBSFN is still spectral efficient in the sense that the CoMP is primarily useful in the high load case. However, it is known that CoMP JT provides larger gains on the cell edge when the system load is low. Some companies also suggested that eNB aligns the CRS positions for the TPs in the CoMP coordinate set by configuring the same CRS frequency shift. However, this approach, if it is implementable at eNB, increases the eNB complexity significantly. On the other hand, it does not solve the issue if the two TPs have different number of CRS ports.
Several alternatives have been provided in [4] to solve the PDSCH mapping issues. The first approach to address the CRS/PDSCH collision issue is based on PDSCH muting, i.e., not transmitting the data symbol on the REs that are collided with the CRS REs from other TPs. The PDSCH mapping information with PDSCH RE muting may then 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 a promising alternative solution if the dynamic signalling cannot be accommodated. 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 that the maximum size of CoMP measurement size is 3. Thus, PDSCH muting based on the measurement set will not degrade the spectral efficiency performance much.  

Alternative 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. 
To signal the CoMP UE the union of the CRS RE patterns, we can semi-statically signal the frequency shift, , and number of port of CRS, p, for M TPs in the measurement set, i.e.,  (m, pm), m=1,…,M. The information of MBSFN subframes from each TP in the measurement set can also be signalled to the CoMP UE semi-statically.
To also accommodate the CoMP CS/CB transmissions which the PDSCH mapping is configured according to that for the serving cell, we then use one additional bit along with the signals of the CRS RE patterns to the UE to indicate that the PDSCH RE mapping is according to the serving cell or around all CRS positions in the measurement set, as shown in Table 1. Note that the union of the CRS REs is the union of the existed CRS RE in that subframe.  If the MBSFN subframe configurations are signalled to the CoMP UE, the union of CRS REs do not include the CRS RE pattern for the TP if it is on its MBSFN subframe.
	CoMP PDSCH Mapping Indicator
	CoMP PDSCH RE Mapping

	0
	Align to the serving cell (TP-1)

	1
	RE mapping on a subframe excluding the union of CRS REs of TPs in the measurement set on that subframe.


Table 1. CoMP PDSCH RE mapping indication for alternative 1.
A question might be raised whether this semi-static approach is better than the default approach. In the default approach, eNB configures PDSCH RE mapping for any transmitting TP as that for the serving cell. In DPS, when a TP other than the serving TP in the measurement set is transmitting, the PDSCH on the CRS positions for this TP will not be used for data transmission. Since the UE assumes the serving cell PDSCH mapping, it would still try to decode the data on these CRS positions which actually do not carry any data information, which are called dirty data/bits. A simple simulation is performed to evaluate the performance of these scenarios. A length-576 information bits is encoded using the LTE turbo code with rate-1/2. We assume there are total 5% coded bits affected by CRS/PDSCH collisions. We compare the performance of this rate-1/2 codes in AWGN channel with puncturing 5% coded bits (PDSCH muting), 5% dirty received data (purely noise), and 2.5% puncturing plus 2.5% dirty data. The results are shown in Fig. 1. We can see with 5% dirty bits, there is significant performance degradation. Even with half of dirty bits on the collided RE positions, there is still an observable performance loss compared to RE muting.
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Fig.1 Performance of a rate-1/2 LTE turbo code with puncturing (muting) and/or dirty received bits.
To improve the performance gain over the default approach, we may consider the following semi-static approach.

Alternative 2: 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. 

In this approach, we can first semi-statically signal the UE the frequency shift of the CRS and number of CRS ports for each TP in the measurement set as that in Alternative 1. Again the CRS information is tagged with the TP index. We then signal the UE an indicator for the TP index which the eNB will configure the PDSCH mapping according to. Since there are at most 3 CRS-RS resources in a CoMP measurement set, a two-bit indicator is enough to carry the information. We can also include the option of the PDSCH mapping around of all the CRS REs in a subframe as shown in Table 2. This approach is particularly useful when the cell range expansion is applied to some UEs in the HetNet scenario, in which the network may always configure the macro cell eNB for the DL data transmission. 
	CoMP PDSCH Mapping Indicator
	CoMP PDSCH RE Mapping

	00
	PDSCH mapping align to the serving cell (TP-1 in the measurement set)

	01
	PDSCH mapping align to TP-2 in the measurement set

	10
	PDSCH mapping align to TP-3 in the measurement set

	11
	RE mapping excluding the union of CRS REs in the measurement set in a subframe.


Table 2. CoMP PDSCH RE mapping indication for alternative 2.
Note that instead of the CRS frequency shift and the number of CRS ports, we may signal the UE the list of cell IDs of the TP in the measurement set and the associated number of CRS ports. If the cell IDs in the measurement set are signalled to the CoMP UE, the interference cancellation can be implemented since the UE is able to decode all the CRS signals in its CoMP measurement set. Also note that with the discussions for FeICIC, it has been agreed that the list of the strong CRS interference will be signalled to the UE so that UE may perform the interference cancellation. Since most probably, the TPs other than the serving TP in the measurement set are included in this list, it is then possible to reuse this list for the CoMP PDSCH mapping to reduce the signal overhead. 
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.

Alternative 3: 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.
With this approach, the network first semi-statically signals the UE the CRS information for each TP in the measurement set as in Alternative 1 or Alternative 2, as well as the PDSCH starting point for each TP if PDCCH region changes semi-statically. Then the network dynamically signal the index of the TP that the PDSCH mapping follows including the starting point. Such dynamic signal can be specified in DCI with introducing an additional signal field. The signal is similar to that in Table 2 except that the index for the muting on the union of CRS REs is not necessary. If the PDSCH start points are configured dynamically on each TP in the measurement set. It may be better also dynamically signal the PDSCH start point.
For CoMP JT, more than one TP will be involved in the transmission. For this case, in the hybrid approach with dynamical signalling available,  instead of mapping avoiding the CRS positions for all TPs in the cell, we propose the PDSCH RE mapping sequentially occupying  all CRS REs, just that on the collided CRS REs, single TP or the subset of TPs (for 3TP JT) involve in the transmissions. We then have the following alternative scheme.

Alternative 4: 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 in some order. The network then informs the UE dynamically the CRS pattern that the PDSCH mapping will follow by conveying the indices corresponding to them or indicating the UE the PDSCH mapping occupying all the CRS RE positions.
Since the effective code rate of Alt-4 will be lower than the PDSCH mapping which avoids the union of CRS positions for the TPs in the joint transmission, there might be a performance gain even with strong interference. To illustrate this, we compare the performances of PDSCH mapping avoiding the CRS in CoMP JT (puncturing/muting) or occupying the CRS REs with transmitting on single TP or subset of CoMP TPs (experiencing stronger noise) using the case of rate-1/2 LTE turbo code in AWGN channel as previously described. We can see that even with a 6dB stronger noise, we still observe the performance gain over the puncturing case, meaning that for CoMP JT it is better to transmit the coded symbol on the RE positions for some TPs if they are collided with the CRS REs for other TPs.
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Fig.2 Performance comparison of a rate-1/2 LTE turbo code with puncturing (muting) and data with stronger noise.

If the CRS information of all the CoMP TPs is available at the CoMP UE and CRS interference cancellation can be implemented as in [7], this approach certainly provides better performance than the PDSCH RE mapping around the CRS RE positions. Or the UE can at least cancel the interference of the CRS from the serving cell. If interfering CRS is too strong, it is then up to UE to decide where to demodulate the CRS collided data symbol or not. The dynamic signal for mapping indicator is then given in Table 3. When the PDSCH mapping indicator is set to be 11, the PDSCH starting point can be set with assuming the minimum or maximum size of PDCCH regions (or  PDCCH OFDM symbols) of the TPs in the measurement set, which are semi-statically informed to the UE.

	CoMP PDSCH Mapping Indicator 
	CoMP PDSCH RE Mapping

	00
	PDSCH mapping align to the serving cell (TP-1 in the measurement set)

	01
	PDSCH mapping align to TP-2 in the measurement set

	10
	PDSCH mapping align to TP-3 in the measurement set

	11 (Alt-4)
	PDSCH RE mapping by occupying all CRS REs in the measurement set.


Table 3. CoMP PDSCH RE mapping indication for alternative 3, 4.
Based on above discussions, for the semi-static approaches, Alternative-2 seems better as one additional bit signal overhead is not critical for the semi-static signalling. Therefore for the semi-static approach, we propose
Proposal 1: For PDSCH mapping in CoMP,  the network semi-statically informs a CoMP UE the CRS information of each TP in its CoMP measurement set, and either an indicator of the PDSCH mapping of the TP from the CoMP measurement set that the network will follow to serve that UE or the PDSCH mapping which excludes the union of the CRS REs of all the TPs in the CoMP measurement set.

 If some dynamic signalling (e.g. 2 bits in DCI) can be introduced to handle PDSCH mapping issues, Alternative-4 is preferable. Therefore, we propose the following for the hybrid approach with dynamic signalling given in Table 3.  

Proposal 2: For PDSCH mapping in CoMP, the network semi-statically informs a CoMP UE the CRS information of each TP in its CoMP measurement set. The network then informs the UE dynamically the CRS pattern that the PDSCH mapping will follow by conveying an index  identifying it or by indicating to the UE that the PDSCH mapping will occupy all the CRS RE positions.
3 Conclusion 
In this contribution, the PDSCH mapping issues for CoMP JT and DPS have been discussed. We consider the following two alternatives (one with semi-static signaling and one with dynamic signaling) for the PDSCH mapping in CoMP:
Proposal 1: For PDSCH mapping in CoMP,  the network semi-statically informs a CoMP UE the CRS information of each TP in its CoMP measurement set, and either an indicator of the PDSCH mapping of the TP from the CoMP measurement set that the network will follow to serve that UE or the PDSCH mapping which excludes the union of the CRS REs of all the TPs in the CoMP measurement set.

Proposal 2: For PDSCH mapping in CoMP, the network semi-statically informs a CoMP UE the CRS information of each TP in its CoMP measurement set. The network then informs the UE dynamically the CRS pattern that the PDSCH mapping will follow by conveying an index  identifying it or by indicating to the UE that the PDSCH mapping will occupy all the CRS RE positions.
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