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Discussion and Decision
1 
Introduction
In RAN1#69, good progress has been made in downlink control signaling, it 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 give our view on the transmission mode and downlink control signaling design for Rel.11 CoMP. 
2 
CoMP Control Signalling Principle
In Rel.8, a TM is defined associated with MIMO mode, normally to be configured in a TM means a set of behaviours: using which RS for feedback, which RS for demodulation, and what DCI format should the UE try to decode in PDCCH. In Rel.10, TM9 supports DMRS based demodulation and CSI feedback, where the channel part is based on CSI-RS and the interference part is based on CRS. As Rel.11 already decided to use CSI-RS based feedback but using IMR based interference measurements, there is some strong similarity to Rel. 10 TM9 as a starting point for CoMP but some differences with respect to CSI definition and DCI signaling needs remain. 
In previous meeting, it has been decided at least the neighbor cell’s CRS position needs to be signaled to eNB. In order to support dynamical cell selection, such signaling must have dynamical part which is included in DCI. That means either a new DCI format or some update on existed DCI format is needed. If a new DCI format is defined, a new Transmission mode is needed accordingly, on the other side, if we modify or re-interpret the current DCI format, we could support CoMP based on a slightly modified available transmission mode. That brings us two alternatives:

Alt.1 Reuse TM9

Define a TM9 sub-mode: CoMP mode. UE configured in CoMP mode can have up to 3 CSI-RS resource for each serving cell, and multiple CSI processes. Besides, the CIF bits (or part of the bits) in the DCI-2C is reused to indicate the rate-matching pattern of current PDSCH: CIF indicate the transmission point set where each TP is associated with a frequency so it’s a generic framework to support CA+CoMP. 

Alt.2 Define a new TM

In this new mode, new DCI format is defined therefore some new bits or existing bits can be reused to indicate the rate-matching pattern for current PDSCH.  
Although the above two alternatives look very differently, they both defined a mode for CoMP. (in Alt.1 it’s a sub-mode under TM9). Because even if Rel.11 UEs don’t do CoMP, they may have different behaviours and different requirement, e.g. Rel.11 UE could be configured with IMR which results in different behaviours even UE is not doing CoMP. Besides, the Rel.11 UE may have different requirement on the antenna quasi-co-location assumptions comparing with Rel.10 UE. Therefore, no matter which alternatives, a RRC configured mode is needed to indicate UE in Rel.10 or Rel.11 behaviours. 
Observation: a RRC configured mode is needed to identify UE on Rel.11 mode, either a sub-mode under TM9 or a new mode TM10. 
While Alt.1 and Alt.2 are similar, it looks like defining a new transmission mode will be easier for the spec update point of view. TM10 could clearly separate the Rel.10 and Rel.11 UE behaviours from TM9. 

Proposal 1: At least one new transmission mode should be defined for Rel.11 CoMP: TM10. 
It has been pointed out that CRS based demodulation is a better solution that DMRS based in 2Tx scenario simply because of less overhead, [1]. Even in 4Tx, DMRS is not always outperforming CRS based operation as such. Given that 2Tx is current most popular deployment and also probably the common deployment in future, it is very important that CoMP supports CRS based as well as DMRS based for PDSCH demodulation. 

Proposal 2: CoMP control signaling design should support both CRS and DMRS based PDSCH demodulation. 
 
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 dynamical 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 give our proposal on the signaling of indicating the rate-matching patterns. 

eNB could configure up to N Transmission Sets for each UE using RRC signalling and then use CIF bits in 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. Besides, the PDSCH start position could also be taken into consideration when defining the rate-matching pattern. Besides, the MBSFN status could be considered where there is no CRS in that rate-matching pattern. 
Similar to the feedback design, each transmission set should be associated with a serving cell (cell id) the same framework could support CA as well if eNB configure different TS are of different serving cell. Also the same framework could support CA+CoMP scenario too. 
In DCI for CoMP Transmission Mode, CIF bits are presented (regardless whether cross carrier scheduling is enabled or not) and indicates which transmission set is transmitting the PDSCH thus 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 below table: (for simplicity we only configure 4 TS, but more is possible)
	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 are agreed. 

The number of Transmission sets configurable to a UE is mainly depending on what CoMP scheme is supported. The below table summarize the number TS needed for different CoMP scheme 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’s seldom scenario that all CCs do CoMP, 3bits CIF is enough. 
	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 about table, it can be observed that in most of the cases, only 2 Transmission Set per carrier is enough: in DCS and JT, most studies shows selection between two cells are enough, plus we don't really need dynamic switching between CoMP schemes. 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 adding some new bit or reuse the Nscid to indicate which TS is used. 
Observation: Only two rate-matching patterns are needed for UE on one CC for any CoMP scheme if we don’t want to have dynamic switching between CoMP schemes. 
Proposal3: UE in TM10 should do flexible Rate-matching, which is should be semi-static + dynamic signaled.

Proposal3a: 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.
Proposal3b: in DCI message, CIF bits are reused 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. 
Proposal3c: In case of single CC case, considering further reducing DCI signaling overhead with only one bit for TS selection, e.g. CIF size is only 1 bit, or reuse the Nscid bit in DCI.  
4 
TM design to support CRS + DMRS based demodulation
In this section, we give our solution to support CRS demodulation in CoMP TM (defined according to the discussion in section.2).

Alt.1 Two sub-modes are defined in CoMP TM (DMRS and CRS based separately). 
Both sub-modes are using CSI-RS + IMR based feedback framework designed in CoMP feedback session. And in both modes, UE could be configured with multiple Transmission Set (described in section.3) for rate-matching. The main differences are on DCI format and demodulation RS. 
· Sub-mode1 (CRS based demodulation). 
· DCI format is similar to DCI-2 where the PMI is included to indicate the precoder used by eNB.
· In the DCI, CIF bits are included to indicate which TS is transmitting current PDSCH.
· Each Transmission Set is associated with a cell id (described in section3), UE demodulate the PDSCH based on the CRS generated from that cell id

· UE should also follow the rate-matching pattern from the indicated TS as described in section.3. 
· Only support DCS.  
· Sub-model2 (DMRS based)
· DCI format is similar to DCI-2C where there is no need to indicate the PMI. 
· UE should use DMRS for PDSCH demodulation; 
· CIF in DCI are used to indicate which TS is used for current transmission and UE should follow the corresponding rate-matching pattern 
Pros: Good forward and backward compatible (one submode for CRS based and one for DMRS based). Semi-statically switching between these two sub-modes is supported through RRC signaling. 
Alt.2 Two TMs defined for CoMP, 
TM10 is DMRS based demodulation and TM11 is CRS based demodulation. 

The corresponding UE behavior in each TM is corresponding to the sub-modes defined above. 

Proposal 4: In CRS based demodulation mode, UE should follow the cell id indicated by the CIF bit/s (or new added bit indicating the TS) to derive CRS for demodulation. 

5 
Conclusion
In this contribution, we give our overall view on CoMP feedback design framework, beside, multiple design options are given for further discussion. 

Proposal 1: At least one new transmission mode should be defined for Rel.11 CoMP: TM10. 
Proposal 2: CoMP control signaling design should support both CRS and DMRS based PDSCH demodulation.
Proposal3: UE in TM10 should do flexible Rate-matching, which is should be semi-static + dynamic signaled.

Proposal3a: 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.
Proposal3b: in DCI message, CIF bits are reused 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. 

Proposal3c: In case of single CC case, considering further reducing DCI signaling overhead with only one bit for TS selection, e.g. CIF size is only 1 bit, or reuse the Nscid bit in DCI.  
Proposal 4: In CRS based demodulation mode, UE should follow the cell id indicated by the CIF bit/s (or new added bit indicating the TS) to derive CRS for demodulation. 
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