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DL control signaling is essential for communication between eNB and UEs to enable CoMP operation.  It was agreed at RAN1 #69 that
· Provide signalling to indicate the CRS position of at least one cell 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.

Moreover, it was agreed at RAN1 #70 that 
· 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 discuss our views regarding some remaining issues of CoMP DL control signalling, including:
· CRS pattern for PDSCH rate matching;
· PDSCH starting symbol;
· Assumption on quasi-co-location of antenna ports;
· ZP CSI-RS configuration. 
Aperiodic CSI triggering bits for CoMP are discussed separately in [4].

Discussions
CoMP DCI Signalling
CoMP schemes with dynamic switching of PDSCH transmission points  requires physical layer control signalling to indicate the selection of PDSCH transmission point(s) and associated PDSCH RE mapping and rate matching. Depending on the time sensitivity nature, CoMP-specific control signalling needs to be incorporated in the DL control , e.g. CRS rate matching pattern, PDSCH starting symbol, and UE quasi-collocation assumption, can be pre-configured by higher layer signalling semi-statically and indicated to the UE by the DCI message. 
CRS Pattern for PDSCH Rate Matching
If a CoMP scheme is to be used which involves transmission from TPs with different CRS patterns, the CRS patterns in the CoMP cooperating set have to be indicated to the UE so that the UE knows the rate matching pattern for the PDSCH around the relevant CRS REs. RAN1 #69 agreed to indicate CRS of at least a single cell, which will enable dynamic TP selection, or even JT if multiple TPs share the same CRS pattern. The configuration of possible CRS patterns for a UE can be conveyed by higher layer signalling, whilst the indication of the actual CRS pattern for rate matching in a given subframe can be conveyed by the DCI message. In this case, from the UE perspective, the actual CoMP scheme related to the indicated CRS rate matching pattern is transparent to the UE.
PDSCH Starting Symbol
The PDSCH starting symbol needs to be indicated to the UE in a timely manner. For CS/CB, the PDSCH starting symbol may follow the PCFICH from the serving cell of the UE. However when PDSCH is transmitted from multiple cells (JT) or one cell selected from multiple cells (DPS), the PDSCH starting symbol index conveyed by PCFICH is not always valid for a CoMP UE. Several proposals related to indicating PDSCH starting symbols have been discussed in [1]. 

A simple solution for CoMP is to assume that all PDSCH starting symbols for all cooperating TPs have been aligned by the network implementation so that the starting symbol of PDSCH transmission would be determined to avoid collision with any PDCCH region of the TPs in the CoMP measurement set. Therefore the starting symbol of CoMP PDSCH transmission can be either indicated by PCFICH of the serving cell if the PDCCH regions of TPs of the CoMP measurement set are forced to be aligned with the PDCCH region of the serving cell by the network implementation, or indicated by higher layer signalling if the PDCCH regions are aligned with a semi-statically configured size. However, such an assumption might lead to a certain constraint of network deployment in which the size of the PDCCH region can no longer be adapted efficiently based on factors such as the number of scheduled UEs in each cell. The sizes of the PDCCH regions of cooperating TPs may be diverse and dynamic in the CoMP deployment, especially for CoMP scenarios 3 and 4 involving macrocells and low power nodes. Aligning PDCCH regions for different TPs by the network implementation may degrade the spectral efficiency due to artificially limiting RE availability for the PDSCH region.  

Another alternative discussed in [2] can provide further flexibility of PDSCH starting symbol indication for CoMP transmission. In general the PDSCH starting position can be jointly coded with other CoMP control information in a semi-static manner considering that the number of PDCCH symbols of a TP will not dramatically change subframe-by-subframe, for example in the case of CA. The code points of the CoMP DCI message can be preconfigured through RRC signalling to take into account all necessary CoMP control information, e.g. PDSCH starting symbol, so that the index of code point can then be indicated to the UE dynamically.  On the other hand, if the PDSCH starting symbol is not indicated within the code point of the CoMP DCI message, the UE should follow the information from PCFICH of the serving cell (i.e. one code point of the DCI message could be used to indicate “follow the PCFICH of the serving cell”).  
UE Quasi-co-location Assumption 
It has been agreed that Rel-11 UEs shall support two different behaviours with respect to quasi-co-location assumptions between RSs of different types. In Behaviour A, CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located with respect to all parameters except average gain; as explained in [3], this is expected to be applicable when CRS, CSI-RS and PDSCH DMRS are quasi co-located for the UE. Behaviour B is intended to be the UE behaviour typically applicable for UEs operating in DL CoMP; in Behaviour B, CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located, except that PDSCH DMRS and a particular CSI-RS resource indicated by DCI may be assumed to be quasi co-located. 
The behaviour A means that a Rel 11 UE can behave like Rel-10 UE. Moreover the Rel 11 UE, if it is willing to, can take advantage of such quasi-co-location assumption to improve channel estimation for all RS types. How to combine those long term channel properties of RS signals is a UE implementation issue.  By supporting the behaviour A the Rel 11 UE at TM10 does not have to fall back to TM9 if the network decides that CoMP transmission is not possible or efficient temporarily for some reasons.

Remaining details of behaviour B are still FFS and will be discussed further in RAN1 70bis with regard to the CRS and DMRS quasi-co-location assumption. 

For a Rel-11 UE, it will be mandatory to support both behaviour A and behaviour B. Whether to use behaviour A or behaviour B can be inferred from the transmission mode, or indicated by higher layer signalling.  When Rel-11 UEs are configured with TM1 to TM9, behaviour A would typically be assumed by the UEs.  When Rel-11 UEs are configured with TM10, behaviour B would typically be assumed by the UEs. In behaviour B, the CSI-RS resource that can be assumed to be quasi-co-located with the PDSCH DMRS is indicated to the UE by the DCI message.  The timing of a specific CSI-RS resource in the CoMP measurement set can then be used for the reference timing of DMRS. The timing information of a CSI-RS resource can be useful for the reference timing of DMRS for all four CoMP scenarios, especially for scenario 4 in which CRS and DMRS cannot be assumed to be quasi-co-located. 

It should be noted that a Rel 11 UE has the freedom to use any indicated quasi-co-location assumptions to improve channel estimation, or it can decide to ignore them. 

Note that quasi-co-location assumptions describe commonality of long term channel properties among RS types.  The UE therefore cannot switch dynamically between such long-term assumptions on a per-subframe basis, and therefore the behaviour (A or B) should preferably be determined when transmission mode is configured by RRC signalling. 


ZP-CSI-RS Configuration 
In Rel-10, ZP CSI-RS configurations are performed semi-statically. This will basically also be the case in Rel-11. However, for CoMP, a UE may receive a transmission from a different TP, where a different CSI-RS or CSI-IM resource has been configured for its local UEs, which the CoMP UE is unaware of. If all other CoMP UEs served by the same TPs within the CoMP cluster are not configured with ZP-CSI-RS for PDSCH rate de-matching around those REs, the CSI-RS or CSI-IM resources will puncture the PDSCH transmissions, causing degradation in PDSCH performance. 

Whether Rel 10 and Rel 11 UEs are configured with such ZP-CSI-RS configurations is a network implementation issue. Since the CoMP measurement set and CSI-IM configuration are semi-statically configured by RRC signalling and also UE-specific, the configuration of ZP-CSI-RS can be conveyed to the UE semi-statically by RRC signalling and independently configured for each UE. The network implementation should balance RS signalling overhead, RE occupation, RE puncturing and spectral efficiency improvement due to ZP-CSI-RS, NZP-CSI-RS and CSI-IM. Therefore it does not seem to be necessary to indicate the configuration of ZP-CSI-RS per UE dynamically, even in the case of CoMP. 

Proposal 1: 
The ZP-CSI-RS is configured independently per UE per CC and such configuration of ZP-CSI-RS is conveyed to the UE semi-statically by higher layer signalling. DCI signalling is not needed to indicate additional CSI-RS resources of other TPs. 
 
DCI Signalling Design
So far we have discussed the necessity of three types of CoMP control information, i.e. CRS rate matching pattern, PDSCH starting symbol, and UE quasi-co-location assumption, which should be conveyed to a CoMP UE with a combination of RRC signalling and DCI messages. In addition, triggering DCI bits needed for aperiodic CSI reporting are discussed in [4]. 

It would be possible to independently signal each type of CoMP control information with a separate field in the CoMP DCI message, for example 2 bits for the CRS pattern for PDSCH rate matching, 1 DCI bit for PDSCH starting symbol, and 2 DCI bits for the UE assumption on quasi-co-location of DMRS and a specific CSI-RS resource. However such independent coding leads to a large signalling overhead and a certain waste since all the CoMP control signalling information is correlated with each other. For example, a CRS rate matching pattern may be dedicated to a specific TP in the CSI measurement set, and such TP may have semi-statical PDSCH starting position and may be associated with a specific quasi-co-location assumption. Therefore it seems to be more reasonable to jointly code all CoMP control signalling in a single DCI field, with the interpretation of the code points being configured by higher layer signalling (similar to the CIF or aperiodic CSI triggering fields in Rel-10). 

Proposal 2: 
The CRS pattern for PDSCH rate matching, PDSCH starting symbol and UE assumptions on quasi-collocation of DMRS and CSI-RS  should be jointly coded within the code points of CoMP DCI message. 

If higher-layer signaling is provided to indicate a CRS port and Cell ID that can be assumed to be quasi-co-located with each CSI-RS resource, as proposed in [5] and [6], then the CSI-RS resource that can be assumed to be quasi-co-located with the DMRS for Behavior B can be inferred directly from the CRS pattern indicated for CRS (which would actually in that case be related by higher layer signaling to a Cell ID, to cover the case when the CRS patterns of multiple cells are aligned). 

However, if higher-layer signaling is not provided to indicate a CRS port and Cell ID that can be assumed to be quasi-co-located with each CSI-RS resource, then Behavior B requires additional information from codepoints in the DCI to indicate which CSI-RS resource can be assumed to be quasi-co-located with the DMRS. 

It is proposed that a new 2-bit or 3-bit CoMP indication field would be provided in the DCI Format for a UE in TM10, depending on the configuration of CA cross-carrier scheduling. If the UE is configured with CA cross-carrier scheduling by higher layers, (with CrossCarrierSchedulingConfig-r10), the UE should interpret a new 3-bit field of CoMP DCI message which is composed of both CoMP control signalling and CA cross scheduling information. If the CA cross-carrier scheduling is not configured, the UE should interpret a new 2-bit field which has CoMP control signalling only. 

· If CA cross scheduling is not required and not configured for the CoMP UE at TM10, a new 2-bit CoMP indication field can be configured in the DCI message. Associated code points can be pre-configured by RRC signaling.  An example is shown in Table 1. The code point table and meaning of such 2-bit indication field can be configured independently per component carrier.  

Table 1 Configuration of code point table for a new 2-bit field in DCI
	Code Points of 2 bits
	RRC configuration

	
	PDSCH Rate Matching Pattern
	PDSCH Starting symbol
	Quasi-co-location Assumption

	(0,0)
	CRS pattern  # 1
	Follow PCFICH
	Behavior B with CSI-RS resource #1 assumed to be quasi-co-located with DMRS

	(0,1)
	CRS pattern  # 2 
	2
	Behavior B with CSI-RS resource #2 assumed to be quasi-co-located with DMRS

	(1,0)
	CRS pattern  # 3
	3
	Behavior B with CSI-RS resource #3 assumed to be quasi-co-located with DMRS

	(1,1)
	CRS pattern  # 2
	Follow PCFICH
	Behavior B with CSI-RS resource #2 assumed to be quasi-co-located with DMRS



Within the above example, the code point of (0,0) is ideal for CS/CB and then PDSCH rate matching will follow the serving cell with its corresponding CRS rate matching pattern and PDSCH starting symbol. This would also allow a Rel-11 UE to be operated in TM10 with a single cell and behave in a similar way to TM9. The code points of (0,0), (0,1) and (1,0) are suitable for DPS with different TPs so that different TPs can be operated with independent PDSCH starting symbols and CRS patterns for PDSCH rate matching. The last code may be reserved or could be configured for DPS with different constraint of PDSCH starting symbols. 

· If CA cross-carrier scheduling is configured for the UE, e.g. with CrossCarrierSchedulingConfig-r10, we propose to reuse 3 bits of Rel 10 CIF field without further increase of CoMP DCI message to support CA and CoMP jointly. Therefore a new DCI format for CoMP does not need additional CIF field which can be fully replaced by a new joint CoMP/CA indication field which is 3 bits with 8 code points. Since CA is only defined for up to 5 component carriers for cross scheduling, this means that there are at least 3 code points remaining which can be used for indicating specific CoMP control signaling. The meanings of the 3 bits can be configured differently per UE by RRC. 

Table 2 Configuration of code point table for a new 3-bit joint CoMP/CA field in DCI
	Code point
	RRC configuration

	
	CC indicator for CA cross scheduling 
	PDSCH Rate Matching Pattern
	PDSCH Starting symbol
	Quasi-collocation Assumption

	0
	CC0
	CRS pattern  # 1
	Follow PCFICH
	Behavior B with CSI-RS resource #1 assumed to be quasi-co-located with DMRS

	1
	CC0
	CRS pattern  # 2 
	2
	Behavior B with CSI-RS resource #2 assumed to be quasi-co-located with DMRS

	2
	CC0
	CRS pattern  # 3
	3
	Behavior B with CSI-RS resource #3 assumed to be quasi-co-located with DMRS

	3
	CC0
	CRS pattern  # 2
	Follow PCFICH
	Behavior B with CSI-RS resource #2 assumed to be quasi-co-located with DMRS

	4
	CC1
	
	
	

	5
	CC2
	
	
	

	6
	CC3
	
	
	

	7
	CC4
	
	
	



This provides a logical structure for the signaling in the case when CoMP and CA cross-carrier scheduling coexist, because a single field indicates the relevant cell in both geographical and carrier domains. The code points are shared between the CoMP indication field and cross carrier scheduling in CA for this cross carrier scheduling set. The exact definitions of each code point and sharing between CA and CoMP are configured semi-statically by RRC per UE. An example given in Table 2 will operate DL CoMP in CC0 only with 4 pre-configured code points, which are exactly same as Table 1 for CoMP control information. Detailed configuration of Table 1 and 2 is up to the network implementation. 

Moreover it is also feasible to support CoMP with two CCs and CA cross scheduling in Table 2, if the constraint of CoMP CSI feedback and UE complexity for multiple CCs can be relaxed, by re-defining the code points of CC1, CC2, CC3 and CC4 in Table 2 so that CoMP can be operated at the second component carrier. 


Proposal 3: 
· If a Rel-11 UE in TM10 is not configured with CA cross-carrier scheduling, the code points of a new 2-bit CoMP indication field are defined by RRC signaling with  jointly coded CoMP control signaling only (as shown for example in Table 1). 
· If a Rel-11 UE in TM10 is configured with CA cross-carrier scheduling, the code points of a new 3-bit CoMP indication field  are defined by RRC signaling, with jointly coded CoMP control signaling and CA cross carrier indicator (as shown for example in Table 2). Additional CIF is therefore not needed in TM10.

DCI Format for CoMP
A new TM10 has been agreed to be introduced in Rel 11 for CoMP transmission, with either a new DCI format based on Format 2C (if any new DCI signalling is needed for CoMP) or reusing Format 2C. 

TM 10 will provide a clear separation in DL control message decoding between CoMP and single cell operation for Rel-11 UEs. The Rel-11 UE can also use TM10 for single cell operation since it is a CoMP implementation issue regarding to switching between single TP transmission and multiple TP transmission, or fallback to legacy modes for single cell operation without additional control signalling and DCI bits designed for CoMP. 

As discussed above, it is obvious that new DCI signalling is needed for CoMP. Therefore according to the above agreement, a new DCI Format 2D based on Format 2C should be introduced for CoMP operation with a CoMP indication field of 2 or 3 new bits based on above discussion. Whether the CoMP indication field is 2 or 3 bits depends on whether the UE is configured with CA cross-carrier scheduling or not.  A UE in TM10 should monitor both the new Format 2D and format 1A. 

Moreover, as discussed in [4], there is no need to support CSI request field extension to more than 2 bits for aperiodic CSI reporting in CoMP. Existing CSI request field can sufficiently support multiple combination of CoMP CSI processing in a single carrier and multiple CSI reports for carrier aggregation with only one configuration. 


Proposal 4:  
When a UE is configured with TM10, it monitors DCI formats 1A and 2D. DCI format 2D is based on DCI format 2C, with the additional 2 or 3 bit field discussed above, depending on whether cross-carrier scheduling is configured or not. 

Conclusions
In this contribution, we have discussed some remaining aspects of CoMP control signalling. With respect to CoMP control signalling, we make the following proposals:
Proposal 1: 
The ZP-CSI-RS is configured independently per UE per CC and such configuration of ZP-CSI-RS is conveyed to the UE semi-statically by higher layer signalling. DCI signalling is not needed to indicate additional CSI-RS resources of other TPs. 

Proposal 2: 
The CRS pattern for PDSCH rate matching, PDSCH starting symbol and UE assumptions on quasi-collocation of DMRS and CSI-RS  should be jointly coded within the code points of CoMP DCI message. 

Proposal 3: 
· If a Rel-11 UE in TM10 is not configured with CA cross-carrier scheduling, the code points of a new 2-bit CoMP indication field are defined by RRC signaling with  jointly coded CoMP control signaling only (as shown for example in Table 1). 
· If a Rel-11 UE in TM10 is configured with CA cross-carrier scheduling, the code points of a new 3-bit CoMP indication field  are defined by RRC signaling, with jointly coded CoMP control signaling and CA cross carrier indicator (as shown for example in Table 2). Additional CIF is therefore not needed in TM10.

Proposal 4:  
When a UE is configured with TM10, it monitors DCI formats 1A and 2D. DCI format 2D is based on DCI format 2C, with the additional 2 or 3 bit field discussed above, depending on whether cross-carrier scheduling is configured or not. 
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