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1
Introduction
TR36.819 [1] lists the downlink signaling that is needed to support CoMP operation. During RAN1#66bis, the control signaling content was discussed and the only agreement was to continue discussion on the signaling requirements of the CoMP framework in RAN1#67. In RAN1#67 the topic was not discussed.
In this contribution we provide our views on downlink control signaling content in support of CoMP, covering both RRC signaling as well as potential DCI content modifications. 
2
Required signaling for CoMP
CoMP will involve additional RRC signaling to the UE as well as potential changes to the DCI formats. In RRC, at least the following parameters need to be configured to the UE:

-
CoMP measurement set: As agreed in RAN1#66bis, the Release 11 UEs may be configured with multiple non-zero-power CSI-RS resources for CSI feedback. We understand in this case the set of non-zero-power CSI-RS resources means then essentially the CoMP measurement set. The maximum number of non-zero-power CSI-RS resources that can be configured for the UE also needs to be further specified in order to make implementation of UE CSI feedback measurements and calculations feasible. We believe 2 (or at most 3) is a suitable maximum number for the configured CSI-RS resources. Currently there does not seem to be any benefit of having additional definitions or related signaling for CoMP reporting set purposes, in other words the UE would report CSI feedback taking into account all CSI-RS resources within the CoMP measurement set. However this will depend on the exact CSI feedback schemes that are to be specified, and also on the schemes to be used for CoMP measurement set decisions at the eNB side. RRM measurement set needs to be signalled to the UE if CSI-RS –based RRM measurements are adopted as an approach for CoMP measurement set selection [2].
-
CRS port configuration: Each of the CSI-RS resources configured to the UE is linked to a cell ID which may or may not be the same for each configured non-zero-power CSI-RS resource. Cells corresponding to different CSI-RS resources may in principle have a different number of CRS ports, implying a possibly different PDSCH resource mapping depending on the CoMP scheme. For the purposes of correct PDSCH rate matching, the UE would in principle need to know at least if the number of CRS ports corresponding to other CSI-RS resources differ from the number of CRS ports in the serving cell, or more generally which CRS shifts should be taken into account in PDSCH rate matching per CSI-RS resource. This issue is also closely related to the issue of dynamic signaling of CRS shifts that will be discussed further in the next section.
-
PDSCH starting position information: In order to avoid the PDCCH region mismatch issue with joint processing CoMP, UE may need to be semi-statically configured with a PDSCH starting position. Such signaling is already used in carrier aggregation, and is naturally suited for CoMP as well. Main question may be whether also PDSCH starting position would need to be CSI-RS –resource –specific rather than just one value (see also next section on the dynamic signaling). 

-
Power offsets: In Release 10, the UE is configured with a parameter Pc which indicates the power offset between CSI-RS and PDSCH that the UE should assume when reporting CQI. Such a parameter can also be CSI-RS –resource –specific. Additionally, a separate power offset parameter may be configured to the UE, denoting the CSI-RS to PDSCH power offset that the UE should assume when the corresponding CSI-RS resource is assumed to be interfering in the CoMP transmission hypothesis. With this parameter the eNB can control UE assumption about interference, which may turn out to be useful e.g. in implementing DPS with or without blanking or CS/CB with the same feedback procedure [3][4].
- 
Scrambling sequence information: As agreed in RAN1#66bis, the UE may be semi-statically configured in a UE-specific manner which initialization values are available for DM-RS. Furthermore in RAN1#67 it was agreed that also the parameter X required for CSI-RS scrambling initialization is configurable. Hence the initialization values for DM-RS and CSI-RS need to be configured as well.
Dynamic signaling is discussed in the next section.
2.1
Transmission mode and related signaling
For CoMP and other potential Release 11 features a new transmission mode may need to be specified though it is in principle also possible that transmission mode 9 is reused. For example as discussed below, new fields may need to be added to downlink control information, and at least the antenna port, scrambling ID and rank information field may need to be changed due to the agreement in RAN1#66bis on UE-specific RS scrambling initialization values and related signaling. Furthermore, a new reference for interference measurement may need to be included as part of the transmission mode definition, even though this could be also included as part of new feedback modes.
Use of UE-specific RS already enables a degree of transparency to the UE with respect to the used transmission schemes and transmission points. If a new transmission mode is specified, one should strive to keep this transparency. This well-proven approach from Release 10 not only simplifies UE implementation but also simplifies system operation from the eNB perspective as it relieves the eNB from the difficulty of choosing between multiple transmission modes.
Proposal:
· Strive at a unified transmission mode, minimizing the number of new DCI formats. 
· DCI format 2C to be used as a starting point.

· Use of CoMP and single-point techniques kept transparent to the UE.
For downlink control information on (e)PDCCH, DCI format 2C can be taken as a starting point. Most of the fields, such as for example the resource allocation field and the MCS and HARQ –related fields, can be directly reused. Changes may be required at least for the following aspects:
· 
Scrambling sequence initialization: As mentioned, the joint scrambling sequence initialization, rank and antenna port field in DCI format 2C most likely will need to be changed as per the agreement in RAN1#66bis. For example, introducing UE ID into scrambling sequence initialization might be beneficial for high ranks, whereas for lower ranks the indication would enable switching between two pre-configured initialization values rather than just nSCID={0,1} [5].
· 
Information about CRS shifts and PDSCH starting position: CoMP is to be designed to operate in all types of scenarios, e.g. in all scenarios from scenario 1 to scenario 4. In scenario 4 the issue of CRS shifts and PDCCH region mismatch can be completely avoided, and in principle in other scenarios it could be left for the network implementation to use CoMP only when CRS shifts and PDCCH regions are (configured to be) aligned. However, it is not clear how such an artificial restriction could be enforced in practice, or whether it is even feasible to specify something such that the UE could in fact assume same shifts and PDCCH region sizes in implementation. It seems simpler to specify a signaling such that the UE knows what kind of resource mapping and rate matching should be assumed for PDSCH. Of course this also further optimizes overhead. 
It is noted that having such signaling does not have to mean that the transparency with respect to transmitting points is not kept. UE is only signalled an assumption about PDSCH rate matching pattern in terms of CRS shifts and PDSCH starting position. Similarly as for the CQI reference resource in CoMP CQI reporting, UE will need to assume overhead according to CRS shifts and PDSCH starting position linked to CSI-RS resources that are assumed to be transmitting a useful (desired) signal in the CoMP transmission hypothesis. 
As a default assumption, the UE can assume CRS shifts and PDSCH starting position according to the worst case such that all CSI-RS resources in the CoMP measurement set would be participating in joint processing CoMP. However, obviously this would imply too much overhead in cases where only a subset of the points is transmitting to the UE. On the other hand, most likely it will not be feasible to design signaling that gives full flexibility in terms of CRS shifts and PDSCH starting positions. However some signaling states can be envisioned that can cover the most likely cases:

·  
Indication that only points from the serving cell are transmitting the PDSCH. This would provide a fallback to single point transmission (in which case we assume that point would be part of serving cell). This would also serve scenario 4 optimally. It is rather clear that with a unified transmission mode and DCI format this kind of an indication will be needed, in order to avoid extra overhead also in single point operation.

·  
Similarly to CSI triggering in UL grants in case of carrier aggregation, the eNB can use some pre-configured states that are then indicated via DCI. Hence the eNB would configure to the UE for example multiple sets of CSI-RS resources that may be assumed to be transmitting in the PDSCH rate matching, and then indicate which one of the sets is assumed in the particular subframe.
·  
Finally, the UE will be aware of the CoMP transmission scheme assumed in the CQI reference resource, i.e. the UE will compute the CQI based on some assumption about the transmitting CSI-RS resources and the used CoMP scheme, and hence based on some assumption about the PDSCH resource mapping. In CRS-based transmission schemes with frequency-selective precoding, a PMI confirmation bit was adopted for a similar problem – hence the straightforward way of indicating optimum CRS shift and PDSCH starting position configuration is to simply indicate that the same assumption should be followed as for the CQI reference resource used for latest aperiodic CSI reporting on PUSCH. Most likely the eNB will anyway be either following the UE recommendation or falling back to single point transmission, hence the most probable cases can be covered by dynamic signaling.
Proposal: Consider indication of assumed PDSCH rate matching in terms of CRS shifts and/or PDSCH starting position to be included in the DCI format.

- 
At least indicating that points only from serving cell are transmitting would be useful for minimizing overhead in scenario 4 and in single-point transmission.

4
Conclusions

In this contribution we have provided views on required RRC and (e)PDCCH signaling for support of CoMP. Our proposals are as follows:
Proposals:
·  
Strive at a unified transmission mode, minimizing the number of new DCI formats. 
·  
DCI format 2C to be used as a starting point.

·  
Use of CoMP and single-point techniques kept transparent to the UE.

·  
Consider indication of assumed PDSCH rate matching in terms of CRS shifts and/or PDSCH starting position to be included in the DCI format.
·  
At least indicating that points only from serving cell are transmitting would be useful for minimizing overhead in scenario 4 and in single-point transmission.
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