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1 
Introduction
In RAN1#70, on the topic of downlink control channel (for CoMP) the following has been agreed:
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 RAN1#69, the following has been decided:

Agreement:

· 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. 

In this paper, we provide our views on downlink control signaling design for Rel-11 CoMP. 
2 
Support for CRS and DMRS based demodulation in TM10
It has been pointed out that CRS based demodulation can provide a better CoMP solution than DMRS based solutions in 2Tx scenario due to less overhead [1]. Even in 4Tx case, DMRS based operation may not always outperform CRS based operation. Given that 2Tx is currently the most used deployment and that may continue sometime into the future, it is very important that CoMP supports CRS based as well as DMRS based demodulation. Besides, CRS based demodulation should be supported if DCI-1A is to be used for scheduling PDSCH in non-MBSFN subframes as CRS based TxD transmission scheme is specified in LTE. 
There are some concerns on the usage of CRS for CoMP operation, e.g. [4] listed several potential issues if we use CRS for demodulation, the main argument being channel estimation error from CRS due to strong interference. However, DMRS may also suffer from strong interference from neighbor cell. Then [4] further argued that CRS doesn’t benefit from beamforming and therefore the channel estimation performance is not as good as DMRS. However, we note a basic principle: a network may decide to transmit PDSCH to a UE from a neighbor cell because the quality of the received signal from the neighbor cell at that time is better or similar to the serving cell. In other words, the network is aware of the CQI reports for the two cells and if transmitting from a neighbor cell results in a low SINR that significantly impacts the channel estimation quality, then the network will not choose to transmit PDSCH from a neighbor cell. In fact, the evaluation results in [3] used realistic channel estimation error modeling: when UE decodes a PDSCH from a neighbor cell, the performance is degraded according to neighbor cell channel quality. It is due to the scheduling mechanism of the eNB that there is no significant performance degradation from channel estimation error.  
Besides, there are also other CoMP schemes that might benefit from lower overhead CRS based transmission. A typical example is coordinated scheduling. Since the PDSCH transmission is from the serving cell we don't expect a performance penalty from CRS based demodulation but we can save ~10% overhead from DMRS. As a special case of coordinated scheduling, coordinated link adaptation is also one possibility, for example: 
Consider two TPs in the network, and a UE is configured with two CSI processes, CSI-1   corresponds to non-CoMP single cell transmission from TP1, CSI-2 corresponds to transmission from TP1 but associated with an IMR where TP-2 is muted. In that case, CSI reports from CSI-1 and CSI-2 could be utilized to have better link adaptation by simply considering the scheduling decision of TP1 and TP2. With the scheduling decision of TP1 and TP2, eNB now can utilize CQI-1 and CQI-2 to perform link adaptation more accurately and to better reflect whether TP2 is interfering with the current PDSCH transmission from TP1. Again, the PDSCH is always transmitted from TP1, where there is no performance penalty from CRS based channel estimation 
Proposal 1: CoMP control signaling design should support both CRS and DMRS based PDSCH demodulation.
Starting from Rel-10, CSI feedback has been decoupled from demodulation. The key enhancement for CoMP is for CSI feedback where multiple CSI-RS resources can be used for deriving CSI simultaneously. Therefore TM10 should be characterized by multiple CSI processes for feedback, it need not be bundled with a certain RS for demodulation. 
Besides, within the CoMP discussion there is agreement that rate-matching of neighbor cell CRS should be enabled. This implies that a UE is already aware of a neighbor cell CRS, so we don't expect significant spec changes to enable CRS based demodulation, see later section for more details. 
Proposal 2: TM10 could support CRS based and DMRS demodulation simultaneously using a single framework. 
2. Detail design for CRS based demodulation
A UE in TM10 could be configured to decode PDSCH based on CRS or DMRS (CRS mode and DMRS mode). For either mode, CSI-RS based CSI feedback designed for CoMP feedback can be used in TM10. Thus the difference between the two modes is mainly on DCI format and UE behavior.  

For CRS mode, a cell id should be indicated to a UE so the UE knows which CRS should be used for demodulation. This signaling could be combined with the CRS rate-matching signaling under discussion. Given that it is agreed to indicate a CRS position, a straight forward extension is to associate the rate-matching with a cell id so that the UE could decode PDSCH based on CRS (if the UE is in CRS mode). Note that a UE will need to rate match around the corresponding CRS position irrespective of whether CRS or DMRS based demodulation is used. 
· CRS Mode 
· UE should assume a DCI format similar to DCI-2 where the PMI is included.

· In the DCI, some bits (see next section for more details) are included to indicate which CRS is used to transmit the current PDSCH.

· Cell id is configured to associate with a rate-matching pattern by higher layer signaling. 
· UE should decode the PDSCH based on the indicated CRS. 

· UE also need to rate-match around the indicated CRS (same behavior with DMRS mode)
· DMRS mode
· DCI format is similar to DCI-2C 
· Some bits (see next section for more details) are used to indicate a certain rate-matching pattern around some CRS positions. 

· Common signaling is used as in CRS mode such that a rate-matching pattern is associated with a cell id to indicate the CRS position. 
· UE should decode the PDSCH based on DMRS
· UE should rate-match around the CRS position indicated by the rate-matching pattern. 
Proposal 3: Rate-matching pattern indicator could be reused to indicate the CRS to be used for demodulation if it is associated with a higher layer configured cell id. 
 
3     Flexible PDSCH Rate-matching and RE mapping signalling design 
In CA framework, the CIF bits in DCI are used to indicate which serving cell is transmitting the PDSCH in cross carrier scheduling, while in CoMP similar dynamic signaling is also needed to indicate the rate-matching pattern. That means we could re-use the CIF to indicate the transmission set (including the rate-matching pattern, see later definition). In this section, we provide our proposal on the signaling of the rate-matching patterns. 

eNB could configure up to N Transmission Sets for each UE using RRC signalling and then use CIF bits in the DCI to indicate which Transmission set is used for current PDSCH transmission. 

Each Transmission Set includes a rate-matching pattern which indicates the CRS locations occupied by the other cell or TP for CoMP transmission. The rate-matching pattern includes the CRS position of at least one neighbour cell. The PDSCH start position could also be taken into consideration when defining the rate-matching pattern. Besides, the MBSFN configuration could be considered. 
Similar to the feedback design, each transmission set should be associated with a serving cell (cell id) and the same framework could support CA as well if eNB configures different TSs with different serving cells. 
In DCI for CoMP Transmission Mode, CIF bits are included (regardless of whether cross carrier scheduling is enabled or not) and indicates which transmission set is used for transmitting the PDSCH. The UE should follow the corresponding pattern to do rate-matching and RE mapping on the corresponding CC. 
An example configuration of TS is given in the table below: (for simplicity we only configure 4 TS)
	CIF bits
	TS (rate-matching pattern configured by RRC signaling), (which CC)

	0
	TS0: (Rate-matching pattern of serving cell), (serving cell=CC1)

	1
	TS1: (2 CRS ports, CRS v-shift 1[cell id]), (CC1) 

	2
	TS2: (Rate-matching pattern of serving cell), (CC2)

	3
	TS3: (RM for JT: CRS v-shift 1&2*), (CC2)

	4-7
	TS4-7: empty


* If the rate-matching for multiple cells is agreed. 

The number of Transmission sets configurable to a UE mainly depends on what CoMP scheme is supported. The table below summarizes the number of TS needed for different CoMP schemes assuming only one CC is configured. It concludes that only 2 TS is needed for each CC. Given that maximum 5 CCs are supported and it is not a typical scenario that all CCs are configured with CoMP, 3bits CIF can be sufficient. 
	CoMP schemes
	Number of TS needed (assuming one CC only)

	CS/CB
	None, always using serving cell’s rate-matching and RE mapping pattern.

	DCS
	2 TSs are needed to indicate the rate-matching pattern. (one TS is serving cell anther is neighbour cell)
If there are M neighbour cells participating DCS M+1 rate-matching pattern is needed. 

	JT
	Only 2 TS needed one for serving cell and another for JT (One or multiple cells’ CRS position* )

	Dynamic switch of CoMP schemes

JT+DCS+CS/CB
	SUM of TS needed for every scheme. 


Table 1. the number of TS needed for different CoMP scheme
From the table above, it can be observed that in most of the cases, only 2 Transmission Sets per carrier is enough: in DCS and JT, most studies show selection between two cells is enough, plus dynamic switching between CoMP schemes is not necessary. Considering that 2 TS could be indicated by 1 bit while CIF bits could be 3 bits, it’s also an option to re-size the CIF bits or add some new bits or reuse the Nscid bit to indicate which TS is used. 
Observation: Only two rate-matching patterns are needed for UE on one CC for a CoMP scheme if there is no dynamic switching between CoMP schemes. 

Proposal 4: UE in TM10 should do flexible Rate-matching, which is semi-static + dynamic signaled.

Proposal 4a: By RRC signaling, UE can be configured with several transmission sets - each includes a rate-matching pattern considering the CRS position of neighbor cell and optionally considering PDSCH starting position and MBSFN status. Each TS is associated with a cell id (of serving cell) to support CA+CoMP.
Proposal 4b: In DCI message, CIF bits are reused to indicate which transmission set is used for current PDSCH. The UE should follow the rate-matching and RE mapping pattern configured for that TS. 
Proposal 4c: In case of single CC case, consider further reducing DCI signaling overhead with only one bit for TS selection, e.g. CIF size is only 1 bit, or the Nscid bit in DCI is reused.  
4 
Conclusion
In this contribution, we provide our views on CoMP control design framework. Multiple design options are given for further discussion. Main proposals are summarized as follows:
Proposal 1: CoMP control signaling design should support both CRS and DMRS based PDSCH demodulation.
Proposal 2: TM10 could support CRS based and DMRS demodulation simultaneously using a single framework. 
Proposal 3: Rate-matching pattern indicator could be reused to indicate the CRS used for demodulation if it is associated with a high layer configured cell id. 
Proposal 4: UE in TM10 should do flexible Rate-matching, which is semi-static + dynamic signaled.

Proposal 4a: By RRC signaling, UE can be configured with several transmission sets each includes a rate-matching pattern considering the CRS position of neighbor cell and optionally consider PDSCH starting position and MBSFN status. Each TS is associated with a cell id (of serving cell) to support CA+CoMP.
Proposal 4b: In DCI message, CIF bits are reused to indicate which transmission set is used for current PDSCH. And the UE should follow the rate-matching and RE mapping pattern configured for that TS. 

Proposal 4c: In case of single CC case, consider further reducing DCI signaling overhead with only one bit for TS selection, e.g. CIF size is only 1 bit, or the Nscid bit in DCI is reused.  
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