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1 Introduction

A CoMP Work Item [1] was approved in RAN plenary 53. The work for specifying CoMP support in Rel-11 should focus on: 
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
An analysis on transmission set indication was presented at RAN1#66bis [2]. This paper further discusses the transmission set indication related with JT and DPS, and proposes the semi-static and dynamic signalling requirements for supporting these CoMP schemes in Rel-11. Note that CS/CB would be naturally supported with the same signalling.
2 Signaling requirements for PDSCH mapping
The selection of the transmission points for JT and DPS is determined by eNB scheduling based on feedback from the UE. A set of transmission points may be selected for transmission at each subframe in case of JT or DPS (a transmission set with one element). The potential collision on some REs carrying CRS and PDSCH transmitted from different points was analyzed for DPS and JT in [2]. It was concluded that in order to solve the problem of collisions in a UE specific way and maximize the utilization of resource elements, PDSCH mapping should be optimized according to the type of subframe and transmission set.
Other alternatives exist to avoid such collisions, for example by transmitting the CoMP PDSCH on MBSFN subframes, CRS location alignment by network planning, or not sending the PDSCH on OFDM symbols with CRS. The advantage of these approaches is that a DL CoMP UE does not need to be informed of the transmission set. However, the corresponding disadvantages were also mentioned briefly in [3] and other contributions.
In particular, these solutions may not be advantageous in specific scenarios or in conditions where a significant number of legacy Rel-8/9 UEs are still present in the network, whereas a UE-specific definition of the PDSCH mapping can be designed to optimize the spectral efficiency. For these reasons, optimizing the performance of CoMP in subframes where CRS locations are not aligned should be considered.
The information that should be conveyed to the UE for correct PDSCH demodulation is the following:

· Inform the UE about the resource elements available for mapping the PDSCH according to the CRS positions of the transmission points involved in the PDSCH transmission
· Inform the UE about the starting OFDM symbol for mapping the PDSCH
· Inform the UE about the scrambling sequence applied to the PDSCH
· Inform the UE about the scrambling sequence applied to the UE-specific RS
Detailed considerations on PDSCH mapping and reference signals assumed for demodulation of the PDSCH are discussed in the next sections. Scrambling of UE-specific RS is discussed in [4].
Proposal 1: A UE should be indicated the PDSCH mapping to resource elements for JT and DPS according to its transmission set. Part of the signaling should be dynamic in the DCI.
3 PDSCH mapping for DPS
PDSCH mapping for DPS follows the mapping rules for single-point transmission, but according to the control region size and CRS locations of the transmission point selected by the scheduler. Therefore, a UE should be signaled the starting symbol of the PDSCH and the location of the CRS of the transmission point.
The UE also needs to be signaled about the type of subframe corresponding to the transmission point selected for sending the PDSCH, since different points in the coordination area may not have the same configuration of MBSFN subframes or may have shifted subframe indexes. The UE should therefore know whether CRS are present in the subframe where it is scheduled.
Scrambling initialization value for the PDSCH could follow the legacy rule of being derived based on RNTI and cell identity. Some consideration should be given to PDSCH scrambling to support cross-point scheduling (including cross-cell scheduling) with multi-point monitoring of the PDCCH. In this case, the points sending the PDCCH and PDSCH may be associated with different cell IDs. The UE and eNB should know which ID should be assumed for scrambling initialization of the PDSCH.
4 PDSCH mapping for JT
PDSCH mapping for JT should also be optimized to maximize the usage of resource elements in any type of subframe. Two types of resource elements can be identified:

· On REs where none of the points in the transmission set transmit CRS or PDCCH, the joint transmission can take place from all the points in the transmission set. The same joint transmission with the same precoders takes place on UE-specific RS as on the PDSCH. 
· On REs where any point transmits CRS or PDCCH, only those points that do not transmit CRS or PDCCH can transmit the PDSCH. However UE-specific RS cannot be used to demodulate the PDSCH since they cannot correspond to the same precoder as the joint precoder. Some examples of PDSCH mapping on these REs are given in appendix.  
5 Details of signaling in RRC and DCI
According to the previous discussion, with dynamic point selection or joint transmission, one or more transmission points actively participating in the PDSCH transmission may not belong to the serving cell sending the PDCCH, thus the legacy mechanisms for deriving the PDSCH mapping based on the cell identity cannot directly be reused.

Given that the channel measurement set would be semi-statically configured, the potential transmission point(s) participating in the CoMP transmission constitute a fixed set. An example is shown in Fig 1, where four transmission points are included in the UE measurement set configured via multiple CSI-RS resources. Transmission points 1 and 2 share the same properties, for example their cell identities are equal modulo 6 and all other properties are the same. Transmission points that share the same properties are grouped within the same CoMP element. 
Figure 1. Example of partitioning of UE measurement set into CoMP elements
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Each CoMP element in the set is associated with certain parameters. These parameters, which allow a UE to determine the available resource elements, include the  control region size (CFI), CRS frequency shift, number of CRS ports, MBSFN subframe configuration, and subframe offset relative to the serving cell. 
One simple way of dynamically indicating the information needed to support PDSCH mapping to resource elements is to define a CoMP indicator field (CoIF) similar to the CIF used for carrier aggregation, indicating which of the CoMP element(s) are involved in the transmission of the PDSCH. Based on this information and pre-defined PDSCH mapping rules, the UE can determine how the PDSCH is mapped and demodulate the PDSCH accordingly.
The CoMP indicator field is associated with a UE-specific set of CoMP elements configured by higher layers. An example is given in Table 1.

Table 1. Example of RRC configured CoMP elements set
	CoMP element ID
	CFI
	CRS shift
	Number of CRS ports
	MBSFN subframes configuration
	Subframe offset (relative to serving cell)

	CoMP element 1
	3
	0
	4
	{1,3,5,7}
	0

	CoMP element 2
	3
	1
	4
	{1,3,5,7}
	0

	CoMP element 3
	2
	0
	2
	{}
	1


The CoMP indicator field signals any possible combination of any number of CoMP elements from the semi-statically configured set, as shown in Table 2. The properties of the CoMP transmission set are therefore the ensemble of all the properties of all the elements involved in the transmission set, as indicated by the value of CoIF. In Table 2, the serving cell is assumed to have the same properties as CoMP element 1, so CS/CB is associated with CoMP element 1 in this example.
Table 2. Example of CoMP indicator field
	CoIF value
	Properties of the CoMP transmission set
	 Examples of supported CoMP schemes

	000
	CoMP element 1
	DPS, CS/CB

	001
	CoMP element 2
	DPS

	010
	CoMP element 3
	DPS

	011
	CoMP elements {1,2}
	JT

	100
	CoMP elements {1,3}
	JT

	101
	CoMP elements {2,3}
	JT

	110
	CoMP elements {1,2,3}
	JT

	111
	Reserved
	n.a.


PDSCH mapping is thus derived by the UE according to the dynamic signaling of CoMP indicator field (CoIF) in DCI and specified mapping rules. CoIF indicates the CoMP elements involved in the transmission of the PDSCH, where CoMP elements are configured by RRC signaling. In order to avoid increasing the size of the UL DCI, RRC signaling allowing the eNB to switch the usage of the bits between CIF and CoIF can be considered. 
Proposal 2: PDSCH mapping is derived by the UE according to a combination of dynamic signaling in DCI, UE-specific RRC signaling, and specified mapping rules for JT.
6 Conclusions
In this contribution, the signalling requirements for the mapping of PDSCH for JT and DPS have been analyzed from the aspects of spectrum efficiency and flexibility. A combination of signalling by higher layers and signalling in DCI was proposed. Some initial thoughts on PDSCH mapping for JT to maximize the usage of resource elements were presented. Note that additional changes to the DL DCI may be necessary depending on decisions for dynamic signalling of the DMRS sequence initialization. The following are proposed:
Proposal 1: A UE should be indicated the PDSCH mapping to resource elements in case of JT and DPS according to its transmission set. Part of the signaling should be dynamic in the DCI.

Proposal 2: PDSCH mapping is derived by the UE according to a combination of dynamic signaling in DCI, UE-specific RRC signaling, and specified mapping rules for JT.
The details of the proposed signaling method are the following:

DCI signaling enhancements for CoMP

· Introduce a CoMP indicator field (CoIF)

· CoIF indicates the CoMP elements involved in the transmission of the PDSCH

RRC signaling enhancements for CoMP

· Introduce UE-specific RRC signaling of CoMP elements. For each CoMP element:
· CoMP element ID, which can be configured to any cell identity

· Control Format Indicator (CFI)
· CRS frequency shift

· Number of CRS ports
· MBSFN subframes configuration

· Subframe offset relative to the serving cell

· Consider signaling to allow the eNB to switch the usage of the bits between CIF and CoIF
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Appendix: examples of PDSCH mapping for joint transmission
Example 1

A first example of PDSCH mapping for JT is shown in Figure 2. Two cells are assumed to participate in the joint transmission (TP1 and TP2), and all subframes are assumed to be configured with the same cyclic prefix length. Figures 2a-2e show different cases of CRS ports configurations and control region configurations in the two cells, along with different assumptions on UE knowledge of these configurations. The PDSCH region is partitioned into two regions. In the first region, the PDSCH is demodulated based on UE-specific RS. In the second region, the PDSCH is demodulated based on the CRS of one of the two cells participating in the joint transmission.
The first region consists of REs in OFDM symbols that cannot contain CRS (symbols 2, 3, 5, 6, 9, 10, 12, 13), except the symbols that collide with the control region of any of the two transmission points. The second region consists of REs in OFDM symbols that can contain CRS (symbols 1, 4, 7, 8, 11). A third region of REs can be defined as muting for one point, where REs correspond to OFDM symbols that contain the CRS of the other point. REs in OFDM symbols that collide with the control region of another point are included in the second region for the point that transmits the PDSCH in the second region, or in the third (muted) region for the other point. 
In Fig 2a and 2b, it is assumed that all the points in the transmission set are configured with synchronous MBSFN subframes. In this case, all the REs can be used for the joint transmission. In Fig 2b, the control region size of the two cells is different. Therefore, the UE assumes the PDSCH is mapped starting at OFDM symbol 2. UE-specific RS are jointly transmitted by both points with the same precoder as the data.
In Fig 2c, it is assumed that both points are configured with 2 CRS ports and a frequency shift is applied between the CRS ports of the two points. It is assumed that the UE is informed of the number of CRS ports of the two points, but not about the CRS shift. Thus the UE assumes PDSCH is transmitted from TP1 on OFDM symbols {4,7,11} and demodulates the PDSCH on these REs based on CRS from TP1. TP2 does not transmit on these REs, so the quality of channel estimation on the CRS of TP1 is guaranteed, and the SINR of the PDSCH on REs that do not collide with CRS of TP2 is also improved.
In Fig 2d, TP1 is configured with 2 CRS ports while TP2 is configured with 4 CRS ports, and a frequency shift is applied between the CRS ports of the two points. It is assumed that the UE is not informed of the number of CRS ports of the two points, nor about the CRS shift. Thus the UE assumes PDSCH is transmitted from TP1 on OFDM symbols {4,7,8,11} and demodulates the PDSCH on these REs based on CRS from TP1. TP2 does not transmit on these REs, so the quality of channel estimation on the CRS of TP1 is guaranteed, and the SINR of the PDSCH on REs that do not collide with CRS of TP2 is also improved.
In Fig 2e, the PDSCH is scheduled in an MBSFN subframe of TP1 and a normal subframe of TP2. It is assumed that the UE is aware of the type of subframe of each TP and the CRS configurations. Since there is no CRS from TP1, the UE assumes demodulation of the PDSCH in the second region is based on the CRS of TP2. TP2 does not transmit on the REs in the second region, so the quality of channel estimation on the CRS of TP2 is guaranteed, and the SINR of the PDSCH on REs is also improved. 
Example 2
A second example of PDSCH mapping for JT is shown in Fig 3. Two cells are assumed to participate in the joint transmission (TP1 and TP2), and all subframes are assumed to be configured with the same cyclic prefix length. Figures 3a-3d show different cases of CRS ports and control region configurations in the two cells. It is assumed that the UE knows the number of CRS ports and the CRS shifts. The PDSCH region is partitioned into two regions. In the first region, the PDSCH is demodulated based on UE-specific RS. In the second region, the PDSCH is demodulated based on the CRS of one of the two cells participating in the joint transmission.
The first region consists of REs in which none of the two points transmit CRS, except the symbols that collide with the control region of any of the two transmission points. The second region consists of REs in which at least one point transmits CRS. A third region of REs is defined as muting, where REs corresponds to the second region of the other point, or to the control region of the other point, or to the CRS of the other point.
Figures 3a-3d illustrate the PDSCH mapping in the same cases as in Fig 2. It can be seen that this time more REs are available in the first region for joint transmission. In cases where none or only one of the two points is in normal subframe, there is no need for any PDSCH transmission from a single point, as in Fig 3d. Note that in Fig 3b, TP2 mutes on the REs that correspond to the CRS of TP1. We could imagine that TP2 transmits single-point PDSCH on these REs, and the UE demodulates them based on CRS of TP2. However, assuming that TP1 provides better channel quality than TP2 on this subframe, demodulation of single-point PDSCH of TP2 and channel estimation on CRS of TP2 may not provide sufficient quality, so muting is introduced. 
Note that in case TP2 provided a better channel quality than TP1, the UE could instead have been configured to receive single-point PDSCH from TP2, and TP1 would have been muting over the REs that contain the CRS of TP2.
Figure 2. Example 1 of PDSCH mapping for Joint Transmission from 2 cells when the UE knows the number of CRS ports, subframe configurations and control region sizes, but not the CRS shifts
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Figure 3. Example 2 of PDSCH mapping for Joint Transmission from 2 cells when the UE knows the number of CRS ports, subframe configurations, control region sizes, and the CRS shifts.
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Example 3
A third example of PDSCH mapping for JT is shown in Fig 4. Three cells are assumed to participate in the joint transmission (TP1, TP2, TP3), and all subframes are assumed to be configured with the same cyclic prefix length. Figure 4 shows a case where TP1 is in MBSFN subframe, while TP2 and TP3 are in normal subframe with 2 CRS ports each and a frequency shift is applied. It is assumed that the UE knows the subframe types, number of CRS ports and CRS shifts. The PDSCH region is partitioned into two regions. In the first region, the PDSCH is demodulated based on UE-specific RS. In the second region, the PDSCH is demodulated based on the CRS of one of the three cells participating in the joint transmission. In this case, TP2 is selected as the point transmitting with single-point transmission in the second region due to its higher SNR than TP3.
Figure 4. Example 3 of PDSCH mapping for Joint Transmission from 3 cells when the UE knows the number of CRS ports, subframe configurations, control region sizes, and the CRS shifts. TP2 is assumed to transmit in the second region.
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Example 4
A fourth example of PDSCH mapping for JT is to partition the PDSCH region into two regions:

· In the first region, the PDSCH is demodulated based on UE-specific RS: it consists of REs in which none of the transmission points transmit CRS, except the symbols that collide with the control region of any of the transmission points. 
· In the second region the PDSCH can not be demodulated based on UE-specific RS: it consists of the rest of the REs on which either at least one point transmits CRS or the PDSCH collide with the control region of any of the transmission points. In the second region, all the transmission points may transmit individual PDSCH which can be demodulated respectively based on the CRS of the corresponding cell participating in the joint transmission. 

A potential issue of this example is the channel quality of the transmission points. It may be difficult for a UE to demodulate the signals from the weaker transmission point(s) on condition of severe interference from the other transmission point(s) participating in the joint transmission. However, in order to maximize the spectral efficiency, this example may be considered as well. In that case, corresponding indication may be needed to let the UE know all the available PDSCH REs in each transmission point participating in the joint transmission will carry respective data symbols. 
