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1 Introduction

The agreements for downlink control signalling for CoMP are as follows [1]:
Agreements: 
· Introduce new TM10 for CoMP

· If any new DCI signalling is needed for CoMP, use a new DCI format based on Format 2C; otherwise use Format 2C

· In TM10, the UE monitors the above DCI format and Format 1A
In this contribution, we will discuss the details signalling of PDSCH RE mapping, quasi co-location assumptions on the downlink reference signals. The details for quasi co-location assumptions on EPDCCH will be discussed in our companion contribution in [2].
2 Detailed signalling for PDSCH RE mapping
2.1 Signalling framework

The data for a UE may be transmitted form multiple transmission points (TPs) in the CoMP measurement set. In addition to the configuration parameters of the serving cell, the parameters of other TPs in the CoMP measurement set should also be informed to the UE for facilitating appropriate PDSCH RE mapping. As a result, signalling should be designed to convey the corresponding parameters to the UE.

As discussed in [3], a hybrid signalling that consists of the RRC and DCI signalling can be used to support the CoMP operation. In such a signalling framework, a set of states consisting of the relevant semi-static parameters for PDSCH rate matching should be configured to UE via RRC signalling. In addition to the preconfigured states, new DCI bits are introduced to inform which state should be applied in the specific subframe for the UE. Note that it has been agreed in RAN1 that the maximum size of CoMP measurement set is three. Thus, a DCI field of two bits may be enough to accommodate the states of each TP. 
Proposal 1: Two new bits are introduced in DCI in order to select the specific state preconfigured by higher layer signalling in Rel-11.
The detailed contents of each state will be discussed in the following sections.

2.2 CRS RE location
The CRS patterns may vary among different TPs in CoMP scenarios 1/2/3, where each TP has its own PCI/antenna ports configurations. As a result, the data REs from one TP may collide with the CRS REs from another TP(s). Therefore, the CRS parameters of the PDSCH TPs should be indicated to UE for performing the rate matching around the CRS. Such parameters include the number of CRS antenna ports and the frequency shift, which is the essential information required for identifying the CRS RE mappings. Furthermore, as there is no CRS REs in MBSFN region in MBSFN subframes, it is necessary to inform the UE of whether the rate matching around CRS should be performed. Therefore, the MBSFN subframe configuration of TPs should also be known by UE for handling the different subframe types.
Proposal 2: The parameters for CRS RE location indication, including the number of CRS antenna ports, and the frequency shift, as well as the MBSFN subframe configuration, should be included in the states.
2.3 CSI-RS configuration

The UE served by the cooperating TPs may be configured with multiple non-zero power (NZP) CSI-RS resources for CSI measurement. These NZP CSI-RS resources in the CoMP measurement set are explicitly configured by RRC signalling after the CoMP measurement set is decided. Therefore, the PDSCH RE mapping can be done properly.

On the other hand, a list of zero power (ZP) CSI-RS may also be configured to the UEs TP in the CoMP measurement set, in order to ensure the accuracy of CSI measurement, and served as the Interference Measurement Resource (IMR), which is introduced in Rel-11 as a set of REs used for UE’s downlink interference measurement. It is worth noting that the ZP CSI-RS configured in each TP, i.e., including parameters of zeroTxPowerResourceConfigList, zeroTxPowerSubframeConfig, etc, may be different in different TP. Hence, the ZP CSI-RS configurations of the serving TPs should be informed to the UE for the sake of performing PDSCH RE mapping correctly.

Proposal 3: The parameters for ZP CSI-RS, including zeroTxPowerResourceConfigList and zeroTxPowerSubframeConfig should be included in the states.
2.4 PDSCH starting symbol
In current specification, UE always receives PDSCH from a single serving cell. However, UE may receive the PDSCHs from other TPs in CoMP measurement set besides the original serving cell. It is possible that those TPs will have different PDSCH starting symbol configurations from that of the serving cell. Thus, UE have to know the PDSCH starting symbol of each cooperating TP in order to demodulate the PDSCH correctly.
There are three alternatives to inform UE of the PDSCH starting symbol [4].
Alt-1: PDSCH starting symbol index is conveyed by DCI.
It would be the most flexible solution if the information of PDSCH starting symbol can be included in each state indicated by RRC signalling, so that the scheduled PDSCH can be timely identified by a UE with the aid of DCI signalled. However, in contrast to the CRS configurations (e.g. the CRS antenna ports and the frequency shift) which are considered as static, the index of PDSCH starting symbol may vary from time to time in the range of 1 to 4. Consequently, the UE may have to decode the PCFICH of the specified TP, in order to acquire the starting symbol, which increases the processing complexity. Moreover, in the case that the starting symbols of some of the TPs are overridden by higher layer configured, some further signalling may still be necessary. Hence, Alt-1 is not preferred.
Alt-2: PDSCH starting symbol index is signalled by higher layers.

In order to reduce the signalling overhead, we can configure an common PDSCH starting symbol for all TPs in the CoMP measurement set via higher layers signalling, and then all TPs follow the same PDSCH starting symbol, no collision between PDCCH and PDSCH occurs.  Typically, the common PDSCH starting symbol may be set to 3, i.e. all TPs start the PDSCH transmission at the 4th symbol. The disadvantage of this approach is inefficiency on resource usage and lack of flexibility. 

Alt-3: UE shall assume the starting symbol of PDSCH follows that of the serving cell.
As a UE always receives PDCCH from its serving cell, it may always assume the starting symbol of PDSCH of the serving cell to be applied. Although the starting symbols may be different among TPs in the CoMP measurement set, some implementation based work around can be employed for this issue. For example, a fix starting symbol is applied to all the TPs regardless of the traffic load. This solution, although may has the same disadvantage of inefficiency on resource usage as Alt-3, on the other hand, since the starting symbol of PDSCH can be dynamic change with the serving cell, the flexibility is improved.
Based on the above analysis, we come to the conclusion that:
Proposal 4: UE shall assume the starting symbol of PDSCH follows that of the serving cell.
3 Signalling of quasi co-location assumptions
Quasi co-location assumptions of antenna ports among the CoMP measurement set may be beneficial in facilitate the UE on demodulation without excessive channel estimation. Regarding the quasi co-location assumptions between different references signals, two behaviours are defined as follows [5]:

Behavior A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt{Doppler shift, Doppler spread, Average delay, Delay spread}

Behavior B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt{Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}
When a UE operates in the non-CoMP mode, where only one CSI-RS resource is configured, “Behavior A” can be applied to UE on its observed CRS, CSI-RS and DMRS ports. In order to reduce the associated signalling overhead, “Behavior A” can be considered as the default behaviour for UE. 
Proposal 5: Behavior A should be considered as the default behaviour for a UE unless further Quasi co-location is configured.
On the other hand, when a UE operates in the CoMP mode, where multiple CSI-RS resources are configured, “Behavior B” should be applied. Note that data may be transmitted from multiple TPs in the CoMP operation, as a result, some signalling needs to be defined for informing UE of the quasi co-location assumption in “Behavior B” before the UE starts to demodulate the received data. As discussion in [6], it is suggested that the signalling for indicating quasi co-location assumptions may be bundled with the signalling for PDSCH RE mapping, in order to reduce the overall signalling overhead. More specifically, if a UE assumes its PDSCH REs are rate matched around the REs of a particular TP, it is also reasonable for the UE to assume the PDSCH DMRS ports are quasi co-located with the CSI-RS resource of the same TP. 
Proposal 6: The CSI-RS resource can be included in the states to indicate the quasi co-location between PDSCH DMRS and CSI-RS.
Following the above analysis, note that CRS RE location, ZP CSI-RS configurations for PDSCH RE mapping, and quasi co-location assumption between CSI-RS and PDSCH DMRS can be included in each state defined by the two new bits in the DCI filed. An example of the states description is illustrated in Table 1.
Table 1: Example states in support of downlink CoMP via RRC signalling.
	State 
	CRS RE location
	ZP CSI-RS  configuration
	Quasi co-location assumption for PDSCH DMRS

	‘00’
	CRS configuration of set 1
	ZP CSI-RS configuration of set 1
	NZP CSI-RS resource of set 1

	‘01’
	CRS configuration of set 2
	ZP CSI-RS configuration of set 2
	NZP CSI-RS resource of set 2

	‘10’
	CRS configuration of set 3
	ZP CSI-RS configuration of set 3
	NZP CSI-RS resource of set 3

	‘11’
	reserved
	reserved
	reserved


4 Conclusion

In this contribution, we have discussed the detailed signalling for PDSCH RE mapping and the quasi co-location assumptions between CSI-RS, CRS and DMRS. Our proposals are summarized as follows:
Proposal 1: Two new bits are introduced in DCI in order to select the specific state preconfigured by higher layer signalling in Rel-11.
Proposal 2: The parameters for CRS RE location indication, including the number of CRS antenna ports, and the frequency shift, as well as the MBSFN subframe configuration, should be included in the states.
Proposal 3: The parameters for ZP CSI-RS, including zeroTxPowerResourceConfigList and zeroTxPowerSubframeConfig should be included in the states.
Proposal 4: UE shall assume the starting symbol of PDSCH follows that of the serving cell.

Proposal 5: Behavior A should be considered as the default behaviour for a UE unless further Quasi co-location is configured.
Proposal 6: The CSI-RS resource can be included in the states to indicate the quasi co-location between PDSCH DMRS and CSI-RS.
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