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1. Introduction

Regarding format 2D to support CoMP in TM 10, the following were agreed upon during the RAN1 #70bis meeting.
· RRC Signalling: 
· Configure up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D.
· Proposal:
· DCI signalling in Format 2D:
· FFS between 
· A new DCI bit PQI is added to the contents of DCI format 2C to form the DCI format for TM10.   
· This new bit, together with nSCID, dynamically selects the PDSCH RE mapping and quasi-co-location parameter set among the four parameter sets configured by higher layers.
· 2 new DCI bits PQI are added to the contents of DCI format 2C to form the DCI format for TM10.   
· PQI = “PDSCH RE Mapping and Quasi-Co-Location Indicator”
In this contribution, we discuss the DCI signaling in format 2D without and with the CIF, and present our views. 
2. DCI Format 2D
2.1 DCI Format 2D Without CIF

When the CIF is not configured, there are two methods that are for FFS regarding DCI format 2D.
· Alt. 1: a new DCI bit PQI is added to the contents of DCI format 2C to form the DCI format for TM10.   

· This new bit, together with nSCID, dynamically selects the PDSCH RE mapping and quasi-co-location parameter set among the four parameter sets configured by higher layers.

· Alt. 2: 2 new DCI bits PQI are added to the contents of DCI format 2C to form the DCI format for TM10.   

Tables I and II give the mapping tables for these two methods [1]. From these two tables, we can see that with Alt. 1, for example, if PDSCH RE mapping and quasi-co-location parameter set 0 is used, only virtual cell ID X(0) can be used. In this case, this UE cannot be scheduled with UEs using virtual cell ID X(1) for MU-MIMO. This means that there are some limitations to the flexibility in scheduling users with MU-MIMO pairing for CoMP using Alt. 1. However, with Alt. 2, there is no such problem.
Table I. Mapping Table for Alt. 1
	One New DCI Bit (PQI)
	nSCID
	Selection of PDSCH RE Mapping and Quasi-co-location Parameter Set

	0
	0
	PDSCH RE mapping and quasi-co-location parameter set 0 configured by higher layers, with X(0)

	
	1
	PDSCH RE mapping and quasi-co-location parameter set 1 configured by higher layers, with X(1)

	1
	0
	PDSCH RE mapping and quasi-co-location parameter set 2 configured by higher layers, with X(0)

	
	1
	PDSCH RE mapping and quasi-co-location parameter set 3 configured by higher layers, with X(1)


Table II. Mapping Table for Alt. 2
	Two New DCI Bits (PQI)
	Selection of PDSCH RE Mapping and Quasi-co-location Parameter Set

	00
	PDSCH RE mapping and quasi-co-location parameter set 0 configured by higher layers, with X(0) or X(1)

	01
	PDSCH RE mapping and quasi-co-location parameter set 1 configured by higher layers, with X(0) or X(1)

	10
	PDSCH RE mapping and quasi-co-location parameter set 2 configured by higher layers, with X(0) or X(1)

	11
	PDSCH RE mapping and quasi-co-location parameter set 3 configured by higher layers, with X(0) or X(1)


In addition, referring to Table III in [2], there is no nSCID in the DCI signaling when the rank is higher than 2. For a CoMP UE with 4 or more low-correlation antennas, it is possible to select a rank higher than 2. In this case, only 1 new bit PQI cannot be used to indicate up to 4 sets per CC, which was agreed at RAN1 #70bis. 
Table III. Indication of Antenna Port(s), Scrambling Identity, and Number of Layers 
	One Codeword: Codeword 0 enabled, Codeword 1 disabled
	Two Codewords: Codeword 0 enabled, Codeword 1 enabled

	Value
	Message
	Value
	Message

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

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

	2
	1 layer, port 8, nSCID = 0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID = 1
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


Table IV shows the ratio of the rank higher than 2 for CoMP UE with CoMP measurement set size equal to 3 in non-full buffer system level evaluation. CoMP DPS/DPB is evaluated with the assumption of CoMP scenario 2. 10dB is assumed as the threshold to select the CoMP measurement set. Both 4Tx and 8Tx are evaluated with 0.5 wave length CPA antenna configuration. It should be noted that the rank selection is based on the CSI process for fall back single cell transmission. And common RI among multiple CSI processes with aperiodic CSI feedback mode 3-1 is assumed in the evaluation. The detailed simulation assumptions are listed in appendix. It is obtained that:

· With 4x4 antenna configuration, the ratio of 3TP CoMP UE with rank higher than 2 among all 3TP CoMP UE are 13.5% and 5.2% assuming the traffic load are 0.9 and 1.2, respectively.

· With 8x4 antenna configuration, the ratio of 3TP CoMP UE with rank higher than 2 among all 3TP CoMP UE is more, which are 37.3% and 20.6% assuming the traffic load are 0.9 and 1.4, respectively.

And there might be other cases to achieve rank higher than 2 for 3TP CoMP UEs, which are summarized below:

1. When more than 4 antennas are configured for eNB and UE, higher rank will be selected.

2. When less correlated antennas are configured, higher rank will be selected.

3. When CSI process for DPB transmission is selected as the reference CSI-process for common RI, higher rank will be selected.
Observation: 3TP CoMP UE with rank higher than 2 is not minor case, the PDSCH RE mapping and quasi colocation control signaling should support up to 4 sets per CC for all CoMP UE irrespective of the CoMP measurement set size and RI.
Table IV. Rank ratio with 4x4 and 8x4 Antenna Configuration (FTP Traffic model 1)
	Antenna Configuration
	Traffic Load λ (UE/s)
	Ratio of 3-TP CoMP UE among all CoMP UE
	Ratio of Rank Higher Than 2 for 3TP CoMP UE
	Resource Utilization

	4x4, CPA 0.5 wave length
	0.9
	38.9%
	8.0%
	0.39

	
	1.2
	
	5.1%
	0.60

	8x4 CPA 0.5 wave length
	0.9
	
	37.3%
	0.30

	
	1.4
	
	20.6%
	0.58


Considering the flexibility in scheduling users with MU-MIMO pairing for CoMP and the flexibility in supporting high rank CoMP UEs, we prefer Alt. 2.
Proposal 1: We prefer to add 2 new DCI bits PQIs to the contents of DCI format 2C to form the DCI format for TM 10 when the CIF is not configured.
2.2 DCI Format 2D With CIF

When the CIF is configured, we summarize three formats for DCI format 2D to support CoMP and CA simultaneously.

· Alt. 1: Reuse the CIF to indicate the CC index for CA, PDSCH RE mapping, and quasi-co-location parameters for CoMP.
· Alt. 2: Use CIF to indicate the CC index, use 1 new bit PQI, and nSCID to indicate the PDSCH RE mapping and quasi-co-location parameters  for CoMP.
· Alt. 3: Use CIF to indicate the CC index, use 2 new bits PQIs to indicate the PDSCH RE mapping and quasi-co-location parameters for CoMP.
Table V gives the advantages and disadvantages of these three methods. Because of the DCI signaling overhead, the flexibility in scheduling users with MU-MIMO pairing for CoMP, and the flexibility in supporting high rank CoMP UEs, we have a slight preference toward Alt. 1. 
Table V. Advantages and Disadvantages of Three Methods
	Methods
	Advantages
	Disadvantages

	Method 1.  Reuse CIF
	· No limitation to flexibility in scheduling users with MU-MIMO pairing for CoMP
· No new DCI control signaling overhead 
· Can support 4 sets for high rank CoMP UE.
	· One DCI can support CoMP on only 2 CCs at most [3].

	Method 2. CIF + 1 new bit + nSCID 
	· One DCI can support CoMP on 5 CCs at most.
	· Some limitations on flexibility in scheduling users with MU-MIMO pairing for CoMP.
· Some DCI control signaling overhead
· Cannot support 4 sets for high rank CoMP UE.

	Method 3. CIF + 2 new bits
	· No limitation to flexibility in scheduling users with MU-MIMO pairing for CoMP
· One DCI can support CoMP on 5 CCs at most.
· Can support 4 sets for high rank CoMP UE.
	· Larger DCI control signaling overhead (2 new bits in DCI)


Proposal 2: We have a slight preference toward reusing the CIF to indicate 8 states when the CIF is configured for simultaneous CoMP and CA.

3. Summary
In this contribution, we investigated DCI format 2D for Rel. 11 CoMP. Below is a summary of the possible methods. 

Proposal 1: We prefer to add 2 new DCI bits PQIs to the contents of DCI format 2C to form the DCI format for TM 10 when the CIF is not configured.
Proposal 2: We have a slight preference toward reusing the CIF to indicate 8 states when the CIF is configured for simultaneous CoMP and CA.
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Appendix

Table A.I – Simulation Assumptions

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wavelengths, 
4 Tx: XX, 8 Tx: XXXX  (+45/-45)

UE: 0.5 wavelengths 4 Rx:  XX (+45/-45)

	Channel model
	SCM-UMa with high angular spread

	Traffic model
	Non-full buffer (FTP traffic model 1)

	UE moving speed (Max. Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Rank adaptation
	Rank adaptation, and up to 4 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)

64QAM (R = 3/5 - 4/5)

	CQI/PMI feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

	CoMP scheme 
	DPS/DPB with SU-MIMO

	DM-RS channel estimation
	Non-ideal 

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS (4/8 REs per RB per 10 ms for 4/8 antenna ports)
CSI-RS with muting for CoMP (36/72 REs per RB per 10 ms for 4/8 antenna ports)

	Threshold for cell-edge UE decision
	10 dB

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling in other TPs

	Handover hysteresis
	3 dB

	Coordinating cluster size
	9 TPs

	Maximum number of CoMP measurement set sizes
	3

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	
Feedback error

	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No


Table A.II. Detailed ratio with 4x4 and 8x4 Antenna Configuration (FTP Traffic model 1)
	Antenna Configuration
	Traffic Load λ (UE/s)
	Ratio of X-TP UE among all UE
	Ratio of Y-Rank among
 3TP CoMP UE
	Resource Utilization

	
	
	1TP
	2TP
	3TP
	1
	2
	3
	4
	

	4x4, CPA 0.5 wave length
	0.9
	64.5%
	21.7%
	13.8%
	24.9%
	61.6%
	7.4%
	6.1%
	0.39

	
	1.2
	
	
	
	38.1%
	56.7%
	2.9%
	2.3%
	0.60

	8x4 CPA 0.5 wave length
	0.9
	
	
	
	3.8%
	58.9%
	24.5%
	12.8%
	0.30

	
	1.4
	
	
	
	8.0%
	71.4%
	16.4%
	4.2%
	0.58
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