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1 Introduction

In RAN1 #70 August 2012 in Qingdao, China, it was agreed to introduce new TM10 in Rel-11 to support CoMP:

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 our view, the DCI signalling should at least include PDSCH RE mapping and antenna quasi-colocation information. It would be natural to have new DCI format if such modification are realized and it is for new TM10. Therefore, we propose to define new DCI format. We call new DCI format as DCI format 2D, which is based on Format 2C.
We propose followings in this document.

· Introduce new DCI format 2D;
· New DCI format 2D supports all functionality of DCI format 2C with modification of SMR/IMR based CSI feedback. In addition, it support dynamic signalling of PDSCH RE mapping and quasi-colocation for CoMP (up to two layer); and
· PDSCH RE mapping and quasi-colocation for CoMP is indicated by the modification of "antenna port(s), scrambling identity and number of layers indication" to "antenna port(s), CoMP state, scrambling identity and number of layers indication". In order to increase the case of PDSCH RE mapping and quasi-colocation for CoMP, NDI field of disabled TB is used for one codeword transmission.
2 TM10 Functionality
To properly design DCI format 2D, we need to clarify the functionality of TM10. Then we can design DCI format 2D to support the functions of TM10.
DMRS based transmission modes TM7/8/9 are introduced in Rel-8/9/10, respectively. We note that TM8 is a super-set of TM7 (2 layer vs 1 layer), and TM9 is a super-set of TM8 (8 layer vs 2 layer). Following the philosophy, TM10 should be a super-set of TM9, namely TM10 would also support up to 8 layer transmission. 

Moreover, TM10 should not only support single point operation, but also support multi-point CoMP operation, in which signalling of PDSCH RE mapping and antenna quasi-colocation is necessary. We further note that up to two layer transmission can be sufficient for CoMP.
Based on the above discussion, we propose

· TM10 would be super-set functionality of TM9 with modification of SMR/IMR based CSI feedback

· New DCI format 2D would support all functionality of DCI format 2C
· Up to 8 layer transmission for single point operation
· In addition, DCI format 2D provides support to CoMP
· Signalling PDSCH RE mapping and quasi-colocation for CoMP (up to two layer)
3 RRC Signalling
In last meeting, the following possible agreement for further discussion is made:
· Signaling uses 2 bits in a DL DCI format that supports DL CoMP:

· Each state corresponds to a higher-layer list of parameters, consisting of:

· a number of CRS ports (0, 1, 2, 4)
· For number of CRS ports > 0, the CRS frequency shift
· FFS for information handled under AI7.7

· FFS whether PDSCH starting symbol can be included in each state or just signaled by higher-layers
According to the discussion under AI 7.7 in last meeting, antenna quasi-colocation assumption should be dynamically indicated to the UE, namely which CSI-RS port is quasi-colocated with DMRS.

Following above discussion, a set of RRC parameters is defined. This corresponds to one state indicated by DCI format. Each set of the RRC parameters includes the following information:

· Number of CRS ports

· CRS frequency shift

· ZP CSI-RS

· MBSFN subframe configuration

· PDSCH start symbol

· Antenna quasi-colocation

DCI format 2D is used to dynamically select one set of the above RRC parameters. 
Including PDSCH start symbol in the above parameter list would imply that PDSCH start symbol is indicated dynamically. Although not the focus of this paper, we note that it should be FFS if PDSCH start symbol would be indicated dynamically in DCI format 2D. If dynamic, then DCI format 2D can not be signalled by ePDCCH (assuming ePDCCH and PDSCH use same start symbol). If not dynamic, there could be certain performance loss for DPS.
4 Necessary number of states
In this section we discuss how many states are necessary for CoMP operation. It should be noted that up to two layer transmission is sufficient for CoMP operation.
Moreover, for rank one transmission, more number of states are necessary. For rank two transmission, less number of states is possible because rank two transmission is more likely to be in cell center than rank one transmission (less likely as CoMP operation).
We discuss several examples to clarify necessary number of states, for rank one and two transmissions, respectively.
Example 1: Dynamic point selection

We assume maximally three TPs are involved in dynamic point selection, as shown in Figure 1. In this case, it is quite clear that three states are necessary, where each state corresponds to PDSCH from one macro. 

Moreover, for rank two transmission, two states are acceptable because UE is more likely to close to center of one macro, such as macro I. For safe operation, another state may correspond to either macro II or macro III. But three state are less necessary because UE is less likely in the cross area of the three TPs.
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Figure 1. Dynamic point selection operation
Example 2: DPS + Dynamic blanking

To support dynamic blanking operation, three states are necessary. As we show in Figure 1, state A corresponds to macro center operation, where PDSCH RE mapping and antenna quasi-colocation are aligned with macro TP. Similarly state B corresponds to pico center operation.
State C corresponds to CRE region operation, where antenna quasi-colocation is based on pico (since PDSCH is from pico), but PDSCH RE mapping is based on macro (due to severe macro CRS interference).
Moreover, for rank two transmission, state C is not so necessary because rank two transmission is less likely in CRE region. Therefore two states for rank two are acceptable.
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Figure 2. Dynamic blanking operation
Example 3: Joint transmission
For joint transmission, three states are preferred. State A/B corresponds to macro I/II PDSCH, respectively. State C corresponds to JT, where PDSCH RE mapping is according to serving cell (such as Macro I), but antenna quasi-colocation may be according to macro I and II CSI-RS.
Moreover for rank two transmission, two state are sufficient because UE is more likely in cell center. If UE is in macro I center, DCI select among state A/C is sufficient. If UE is in macro II center, DCI select among state A/B. However three states are not necessary because UE can not move to the cell center of another macro dynamically.

It is also arguable if state C are strictly necessary for even single layer transmission because UE may simply assume quasi-colocation with single cell CSI-RS although this will cause some performance loss of JT. In our view such loss is not preferable.
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Figure 3. Joint transmission operation

Based on the above discussion, we observe:

· For single layer transmission, three states are necessary

· For rank 2 transmission, two states can be sufficient
· For rank 3-8 transmission, single cell operation should be assumed

5 DCI format 2D Design

The DCI format size should be kept small to avoid possible PDCCH overload (or to increase scheduling flexibility) and to have a good coverage that extends into the cell-edge regions. This is especially true for TM10 because CoMP is in cell edge / low geometry area. From that sense, it would be preferred to keep DCI format 2D size at least no larger than DCI format 2C. Therefore we propose:
· New DCI format 2D should be no larger than DCI format 2C
Consequently the following two methods are not preferred:

· Add two new bits to DCI format 2C

· Reuse CIF field in DCI format 2D

Although CIF is an existing feature, its presence is configurable in Rel-10. Reuse CIF field still means increase DCI overhead from Rel-10 by 3 bits compared to the non-CA DCI size..

Next discussion is how to signal CoMP state without additional DCI overhead, i.e. using existing fields. We note that NDI of disabled TB is not used in DCI format 2C. In fact NDI of disabled TB has been proposed during Rel-9 discussions [1].
NDI of disabled TB is applicable only for single CW transmission. Considering discussion of section 4 that CoMP is typically single layer transmission (belonging to single CW transmission) and maximally two layer is sufficient, we see NDI of disabled TB is good to be used to indicated CoMP state.
Therefore we propose the following table for DCI format 2D design, for signalling of antenna port, scrambling identity, number of layers, and CoMP state.
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
(NDI of disabled TB =0)
	Message
(NDI of disabled TB =1)
	Value
	Message

	0
	1 layer, port 7, nSCID=0, state A
	1 layer, port 7, nSCID=0, state B
	0
	2 layers, ports 7-8, nSCID=0, state A

	1
	1 layer, port 7, nSCID=1, state A
	1 layer, port 7, nSCID=1, state B
	1
	2 layers, ports 7-8, nSCID=1, state B

	2
	1 layer, port 8, nSCID=0, state A
	1 layer, port 8, nSCID=0, state B
	2
	3 layers, ports 7-9, serving cell

	3
	1 layer, port 8, nSCID=1, state A
	1 layer, port 8, nSCID=1, state B
	3
	4 layers, ports 7-10, serving cell

	4
	2 layers, ports 7-8, serving cell
	1 layer, port 7, nSCID=0, state C
	4
	5 layers, ports 7-11, serving cell

	5
	3 layers, ports 7-9, serving cell
	1 layer, port 7, nSCID=1, state C
	5
	6 layers, ports 7-12, serving cell

	6
	4 layers, ports 7-10, serving cell
	1 layer, port 8, nSCID=0, state C
	6
	7 layers, ports 7-13, serving cell

	7
	Reserved
	1 layer, port 8, nSCID=1, state C
	7
	8 layers, ports 7-14, serving cell


Table 1. Proposed DCI format 2D design
In table 1, “serving cell” corresponds to single cell Rel-10 operation, where PDSCH RE mapping is based on serving cell and CRS/DMRS are assumed to be quasi-colocated. State A/B/C is higher layer configuration as discussed section 4. Therefore, following is separately indicated for each state.
· Number of CRS ports

· CRS frequency shift

· ZP CSI-RS

· MBSFN subframe configuration

· PDSCH start symbol

· Antenna quasi-colocation
Based on table 1, we allow three states for single layer transmission, and two states for rank two transmission. Moreover, all functionalities of DCI format 2C are also supported, namely up to 8 layer transmission is still supported.
6 Conclusions
In this document, we made analysis of TM10 operation and propose DCI design accordingly.

· Introduce new DCI format 2D;
· New DCI format 2D supports all functionality of DCI format 2C with modification of SMR/IMR based CSI feedback. In addition, it supports dynamic signalling of PDSCH RE mapping and quasi-colocation for CoMP (up to two layer); and
· PDSCH RE mapping and quasi-colocation for CoMP is indicated by the modification of "antenna port(s), scrambling identity and number of layers indication" to "antenna port(s), CoMP state, scrambling identity and number of layers indication". In order to increase the case of PDSCH RE mapping and quasi-colocation for CoMP, NDI field of disabled TB is used for one codeword transmission.
Based on the above proposal, we further propose to use following table as "antenna port(s), CoMP state, scrambling identity and number of layers indication". Each state A, B and C are defined as a set of higher layer parameters consisted from following.
· Number of CRS ports

· CRS frequency shift

· ZP CSI-RS

· MBSFN subframe configuration

· PDSCH start symbol

· Antenna quasi-colocation
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
(NDI of disabled TB =0)
	Message
(NDI of disabled TB =1)
	Value
	Message

	0
	1 layer, port 7, nSCID=0, state A
	1 layer, port 7, nSCID=0, state B
	0
	2 layers, ports 7-8, nSCID=0, state A

	1
	1 layer, port 7, nSCID=1, state A
	1 layer, port 7, nSCID=1, state B
	1
	2 layers, ports 7-8, nSCID=1, state B

	2
	1 layer, port 8, nSCID=0, state A
	1 layer, port 8, nSCID=0, state B
	2
	3 layers, ports 7-9, serving cell

	3
	1 layer, port 8, nSCID=1, state A
	1 layer, port 8, nSCID=1, state B
	3
	4 layers, ports 7-10, serving cell

	4
	2 layers, ports 7-8, serving cell
	1 layer, port 7, nSCID=0, state C
	4
	5 layers, ports 7-11, serving cell

	5
	3 layers, ports 7-9, serving cell
	1 layer, port 7, nSCID=1, state C
	5
	6 layers, ports 7-12, serving cell

	6
	4 layers, ports 7-10, serving cell
	1 layer, port 8, nSCID=0, state C
	6
	7 layers, ports 7-13, serving cell

	7
	Reserved
	1 layer, port 8, nSCID=1, state C
	7
	8 layers, ports 7-14, serving cell
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In this document, we used the term "state" like state A, B and C for the set of higher layer configuration. This is because RAN1 used such term in the last meeting. On the other hand, we think the term "state" is not good from the specification writing perspective. It would be actually good to use the term other than state like "case", "combination" and so on.
The following TP shows the difference from DCI foramt 2C in our proposal of DCI format 2D. The red colour part shows the difference.
5.3.3.1.5CD
Format 2CD
The following information is transmitted by means of the DCI format 2C2D:

- Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource allocation type 0 is assumed.
- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3] 

- 
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- For resource allocation type 1 as defined in section 7.1.6.2 of [3] 
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 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span
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where the value of P depends on the number of DL resource blocks as indicated in section [7.1.6.1] of [3]

- TPC command for PUCCH – 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (this field is present in TDD for all the uplink –downlink configurations and only applies to TDD operation with uplink –downlink configuration 1-6. This field is not present in FDD) – 2 bits

- HARQ process number - 3 bits (FDD), 4 bits (TDD)
- Antenna port(s), CoMP state, scrambling identity and number of layers – 3 bits as specified in Table 5.3.3.1.5D-1 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] and states A/B/C are referring to higher layer configuration of CoMP-related parameters [6]  

- SRS request – [0-1] bit. This field can only be present for TDD and if present is defined in section 8.2 of [3]
In addition, for transport block 1: 

- Modulation and coding scheme – 5 bits as defined in section 7.1.7 of [3]

- New data indicator – 1 bit

- Redundancy version – 2 bits

In addition, for transport block 2:

- Modulation and coding scheme – 5 bits as defined in section 7.1.7 of [3]
- New data indicator – 1 bit

- Redundancy version – 2 bits

If both transport blocks are enabled; transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. 

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table 5.3.3.1.5‑2. For the single enabled codeword and NDI of the disabled TB = 1, Value = 4, 5, 6 in Table 5.3.3.1.5D-1 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two, three or four layers, respectively.
If the number of information bits in format 2D belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be appended to format 2D.

Table 5.3.3.1.5D-1: Antenna port(s), CoMP state, scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
(NDI of disabled TB =0)
	Message
(NDI of disabled TB =1)
	Value
	Message

	0
	1 layer, port 7, nSCID=0, state A
	1 layer, port 7, nSCID=0, state B
	0
	2 layers, ports 7-8, nSCID=0, state A

	1
	1 layer, port 7, nSCID=1, state A
	1 layer, port 7, nSCID=1, state B
	1
	2 layers, ports 7-8, nSCID=1, state B

	2
	1 layer, port 8, nSCID=0, state A
	1 layer, port 8, nSCID=0, state B
	2
	3 layers, ports 7-9, serving cell

	3
	1 layer, port 8, nSCID=1, state A
	1 layer, port 8, nSCID=1, state B
	3
	4 layers, ports 7-10, serving cell

	4
	2 layers, ports 7-8, serving cell
	1 layer, port 7, nSCID=0, state C
	4
	5 layers, ports 7-11, serving cell

	5
	3 layers, ports 7-9, serving cell
	1 layer, port 7, nSCID=1, state C
	5
	6 layers, ports 7-12, serving cell

	6
	4 layers, ports 7-10, serving cell
	1 layer, port 8, nSCID=0, state C
	6
	7 layers, ports 7-13, serving cell

	7
	Reserved
	1 layer, port 8, nSCID=1, state C
	7
	8 layers, ports 7-14, serving cell


Appendix: Alternative DCI Designs
A. Using information of which TB is disabled

Using DCI design in table 1, we can allow three states for single layer transmission. The method can be further combined with the information of which TB is disabled to increase number of CoMP state for single layer. 

More explicitly, this proposal is:
· If TB2 is disabled (TB1 enabled)

· Single layer: state A/B/C

· If TB1 is disabled (TB2 enabled)

· Single layer: State D/E/F

However we note the method has some limitation.

First for retransmission, eNB should select TB same as initial transmission. Therefore eNB does not have full freedom to select which TB is disabled. In this case the CoMP states are limited to the states used in initial transmission.
Second even for initial transmission, eNB would prefer to use same TB as DCI 1A for safe fallback, which means TB1 is enabled. Therefore eNB does not have full freedom to select which TB is disabled neither.

Based on the above discussion, we prefer to not use the information of which TB is disabled to indicate CoMP state.
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