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1. Introduction

In 3GPP RAN1#70 meeting, downlink control signaling for CoMP was discussed.  Through online discussion some conclusions were reached [1]:
· 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 express our opinion on the remaining FFS aspects of downlink control signaling for CoMP.
2. PDSCH RE Mapping for CoMP
2.1 PDSCH RE mapping considering CRS and CSI-RS
Under feICIC agenda item, it was agreed in [1] that:
For the purpose of CRS interference handling, RAN1 has concluded that the “needed information” indicated in [2] can be provided from the serving cell via higher layer signaling, i.e:

·  List of cell ID(s)

· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
For CoMP, we can re-use the same set of higher layer signaling to indicate the candidates of rate-matching pattern to the UE.  
· 
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· Figure 1  CSI-RS/IMR patterns of two TPs 

Besides CRS, CSI-RS pattern (including ZP/IMR and NZP) can be different for different TPs.  Figure 1 illustrates an example of 2TP case.  In this example, IMR is used to measure interference from all TPs except from the own TP.  Therefore, IMR of TP1 and IMR of TP2 are in different locations.  Also, NZP CSI-RS resources of the two TPs are in different locations.  If TP selection for DMRS based PDSCH transmission is transparent to UE, the UE has to rate-match around both IMRs or NZP CSI-RSs which leads to problems of overhead waste and inaccurate interference measurement.  Therefore it is preferable to consider different CSI-RS patterns for data RE mapping when different TP is selected.  In additional to data RE mapping purpose, the indicated CSI-RS pattern can be used for time/frequency tracking as well.  
In RAN1#70 meeting, quasi-co-location between PDSCH DMRS and CSI-RS has been discussed. It was agreed that signaling is needed for quasi-co-location between PDSCH DMRS ports and CSI-RS ports： 
The second UE behaviour supported by a Rel-11 is the following:

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}

· The signaling of Z is implicit or explicit

· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4

In order to reduce the standardization effort and detection complexity for UE, reusing existing signaling to support quasi-co-location information is a good choice. Signaling of quasi-co-location between CSI-RS and DMRS information and rate matching information can be combined.  So the NZP CSI-RS resource Z for quasi-co-location can be included in the state.
With the information of CRS pattern (obtained by cell ID and number of CRS ports), CSI-RS pattern, ZP CSI-RS pattern and MBSFN configuration, table1 below can be formed. 
	PDSCH RE mapping pattern 0
	CRS pattern 1
	MBSFN config1
	 NZP CSI-RS pattern 1
(for quasi-co-location)
	ZP CSI-RS pattern 1

	PDSCH RE mapping pattern 1
	CRS pattern 2
	MBSFN config2
	 NZP CSI-RS pattern 2
(for quasi-co-location)
	ZP CSI-RS pattern 2


Table1 RRC configuration to derive rate-matching patterns 

	DCI bit
	Rate-matching selection

	0
	PDSCH RE mapping pattern 0 configured by higher layers 

	1
	PDSCH RE mapping pattern 1 configured by higher layers


Table 2 DCI table for CoMP
As shown in Table 1 and Table 2, combination of RRC and DCI signaling can be used to dynamically indicate the rate-matching pattern to the UE.  
Proposal 1: Combination of RRC and DCI signalling is used to dynamically indicate the rate-matching pattern to the UE.  Information of CRS pattern, CSI-RS pattern, ZP CSI-RS pattern and MBSFN configuration for each TP should be provided to UE by RRC signalling.
There are two alternatives to introduce the DCI bits for dynamic switching of multiple rate-matching patterns. 
Alt1 – Add new DCI bit(s) to DCI format 2C to form a new DCI format.

Alt2 – Reuse DCI format 2C and re-use the existing DCI bit(s), such as nSCID.
With adding new DCI bits, Alt1 seems to have better flexibility for 3TP CoMP coordination.  However, we think Rel-11 can focus on optimization for the case of DPS between 2 TPs.  3TP coordination is still supported but it can be more an implementation issue in terms of downlink control signaling.  One way of doing it is to allow transmission from the third TP under MBSFN subframes only.  Table 3 shows the possibilities of 2TP and 3TP CoMP coordination with scheduling restriction.  Note that although data transmission is not allowed from TP3 for the CoMP UE in non-MBSFN subframes, dynamic blanking can still be supported in TP3 to reduce interference from TP3 to the CoMP UE in non-MBSFN subframes.  
Table 3 Subframe types allowed for different CoMP schemes with scheduling restriction in Alt2
	CoMP scheme
	Number of coordinating points
	TP 1
	TP2
	TP 3

	DPS/DPB
	2
	Normal subframe or MBSFN subframe
	Normal subframe or MBSFN subframe
	N/A

	JT
	2
	Normal subframe
	MBSFN subframe
	N/A

	JT
	2
	MBSFN subframe
	Normal subframe
	N/A

	JT
	2
	MBSFN subframe
	MBSFN subframe
	NA

	DPS/DPB
	3
	Normal subframe or MBSFN subframe
	Normal subframe or MBSFN subframe
	MBSFN subframe

	JT
	3
	Normal subframe
	MBSFN subframe
	MBSFN subframe

	JT
	3
	MBSFN subframe
	Normal subframe
	MBSFN subframe

	JT
	3
	MBSFN subframe
	MBSFN subframe
	MBSFN subframe


Table 4 Performance of CoMP with and without scheduling restriction
	CoMP scheme
	Alternatives
	Performance
	SE(bit/s/Hz)
	Gain

	DPS/DPB
	Alt 1- No scheduling restriction
	Average SE
	2.008
	0%

	
	
	Edge SE
	0.053
	0%

	
	Alt2- 1bit nSCID indicator with scheduling restriction
	Average SE
	2.009
	0.05%

	
	
	Edge SE
	0.052
	-1.89%

	JT
	Alt 1- No scheduling restriction
	Average SE
	2.007
	0%

	
	
	Edge SE
	0.055
	0%

	
	Alt2- 1bit nSCID indicator with scheduling restriction
	Average SE
	2.005
	-0.1%

	
	
	Edge SE
	0.054
	-1.82%


Table 4 shows the evaluation to see the impact of the scheduling restriction to the CoMP performance.  In the simulation, maximum of 6 MBSFN subframes is configured.  For CoMP UEs with measurement set size of 3, scheduling restriction is applied such that data transmission from the third TP (with weakest RSRP) is allowed only in MBSFN subframes.  So only 4 subframes have this scheduling restriction.  For CoMP UEs with measurement set size of 2, there is no scheduling restriction.  
It can be observed that there is only very little performance loss (less than 2%) in cell edge throughput if scheduling restriction is applied.   Given that performance loss is quite negligible, Alt2 i.e. reusing one bit nSCID for indication of rate-matching is sufficient.  For quasi-co-location, we can also just optimize it for 2 TP coordination.  3 TP coordination can be done when the third TP has the similar long term channel properties as one of the other 2 TPs.
Some proposals e.g. [5] use reserved CIF fields to indicate PDSCH RE mapping.  However, new bits are still needed in single carrier case.  Also, it can only support CoMP in one CC, not all CCs.  We prefer to have a unified solution for all cases.  Therefore, re-using nSCID bit is preferred. 
Proposal 2:  nSCID is re-used for dynamic indication of PDSCH RE mapping pattern as well as quasi-co-location assumption between PDSCH DMRS and CSI-RS.
2.2 PDSCH RE mapping considering control symbols
The starting position of the PDSCH for the CoMP UE might not be aligned among all CoMP transmission points.  Since different transmission points may possess different number of PDCCH symbols, the UE needs to know PDSCH start symbol corresponding to each transmission point or the network side has to make sure the PDSCH start symbol is aligned in all transmission points.   A possible way to tackle this issue is to inform UE the PDSCH start symbol according the following alternatives ：

Alt1: PDSCH starting symbol information is included in DCI states 
Alt2: PDSCH starting symbol is signalled by RRC signalling
Alt 2 is the simpler methods and the standardization effort is relatively small.  Alt1 is more flexible for PDSCH start symbol variation.  In order to reduce standardization effort, we slightly prefer Alt2.   If Alt1 is adopted, we prefer to again re-use nSCID for the dynamic selection between two start symbol positions.

Proposal 3: RRC signalling for indication of PDSCH start symbol is preferred. If dynamic indication is needed, nSCID is re-used for selection between two start symbol positions configured by higher layers.
2.3 Issues on DCI Format 1A 
For using DCI Format1A in fall-back mode, PDSCH transmission is CRS based in non-MBSFN subframes.  In scenario 4, this CRS based transmission is done in SFN combining way.   If rate-matching is done according to the ZP CSI-RS configuration which usually takes into account of the coordinating TPs only, it will pollute the IMRs of the other non-coordinating TPs within the same cell.  It is more desirable to configure the union of IMRs for all the TPs in the same cell for rate-matching.   This can be done by configuring ZP-CSI-RS using higher layer signalling for rate-matching purpose specifically in DCI format 1A in fall-back mode.
Proposal 4:  For using DCI Format1A in normal subframes for TM10, higher layer signalling is used to configure ZP CSI-RS for rate-matching purpose.
For using DCI Format1A in fall-back mode, PDSCH transmission is DMRS based in MBSFN subframes.  CoMP can be used in MBSFN subframes to increase the transmission reliability.  There is no nSCID  bit in DCI format 1A.  Instead, the unused DVRB/LVRB bit can be re-used to dynamically indicate the PDSCH RE mapping . 
Proposal 5:  For using DCI Format1A in MBSFN subframes for TM10, DVRB/LVRB bit can be re-used to dynamically indicate the PDSCH RE mapping.
2.4 Details of aperiodic CSI triggering

If CA and CoMP is supported simultaneously, existing 2-bit CSI request field can be reused in UE SS to trigger aperiodic CSI report(s) corresponding to different sets of CSI processes as shown in table 5.   A set of CSI processes can contain any combination of CC and CSI process index as long as total number of CSI processes doesn’t exceed the maximum number of the corresponding UE capability.    For the RRC signalling, the number of trigger parameters under aperiodicCSI-Trigger can be extended to 3 sets.  The number of valid bits in the trigger field can be extended to maximum number of CSI processes when CA and CoMP is supported simultaneously.   We prefer to allow 8 maximum CSI processes in total.
Table 5 CSI Request field for PDCCH with uplink DCI format in UE specific search space

	Value of CSI request field 
	Description 

	“00” 
	No aperiodic CSI report is triggered 

	“01” 
	Aperiodic CSI report is triggered for a 1st set of 
CSI processes configured by higher-layer 

	“10” 
	Aperiodic CSI report is triggered for a 2nd set of 
CSI processes configured by higher-layer 

	“11” 
	Aperiodic CSI report is triggered for a 3rd set of 
CSI processes configured by higher-layer 


Proposal 6: 2-bit CSI request field is used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CSI feedback corresponding to 3 sets of CSI processes according to table 3.
In the case of 1 bit CSI request field in the CSI, the payload content should be the 1st set of CSI processes associated with the 1st set of CSI process (i.e. same as ‘01’ with two-bit case) 
Proposal 7:  In the case of 1 bit CSI request field in the CSI, the payload content is the 1st set of CSI processes associated with the 1st set of NZP CSI-RS resources (i.e. same as ‘01’ of  two-bit trigger case)
2.5 Signalling design for TM10 
In RAN1#70 meeting, TM10 have been introduced for Rel-11 CoMP.  TM10 related signaling includes the following signaling:
· Measurement set includes one or more NZP CSI-RS configuration information.

· Interference measurement configuration set includes one or more IMR configuration information.
· ZP CSI-RS configurations for rate-matching purpose
· One or more CSI Process configuration signaling
· Scrambling seed configuration for DMRS sequence generation.
· PDSCH RE mapping signaling
· PDSCH start symbol mapping signaling.
· Aperiodic trigger signaling.
· Quasi-co-location signalling
The above signalling either can be done by introducing higher-layer signalling or re-using existing DCI bits.  Therefore, we don’t see the need of introducing a new DCI format. 

Proposal 8:  DCI Format 1A and 2C are the only DCI formats supported in TM10.  No new DCI format is introduced in TM10.
3. Conclusions
This contribution discusses the issues of downlink control signalling for CoMP in TM10.  Our proposals related to this topic are summarized as follows:
Proposal 1: Combination of RRC and DCI signalling is used to dynamically indicate the rate-matching pattern to the UE.  Information of CRS pattern, CSI-RS pattern, ZP CSI-RS pattern and MBSFN configuration for each TP should be provided to UE by RRC signalling.
Proposal 2:  nSCID is re-used for dynamic indication of PDSCH RE mapping pattern as well as quasi-co-location assumption between PDSCH DMRS and CSI-RS.

Proposal 3: RRC signalling for indication of PDSCH start symbol is preferred. If dynamic indication is needed, nSCID is re-used for selection between two start symbol positions configured by higher layers.
Proposal 4:  For using DCI Format1A in normal subframes for TM10, higher layer signalling is used to configure ZP CSI-RS for rate-matching purpose.

Proposal 5: For using DCI Format1A in MBSFN subframes for TM10, DVRB/LVRB bit can be re-used to dynamically indicate the PDSCH RE mapping.
Proposal 6:  2-bit CSI request field is used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CSI feedback corresponding to 3 sets of CSI processes according to table 3.
Proposal 7:  In the case of 1 bit CSI request field in the CSI, the payload content is the 1st set of CSI processes associated with the 1st set of NZP CSI-RS resources (i.e. same as ‘01’ of  two-bit trigger case)
Proposal 8:  DCI Format 1A and 2C are the only DCI formats supported in TM10.  No new DCI format is introduced in TM10.
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Appendix

Table A1 Simulation assumptions for homogeneous network simulation

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site.  

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz FDD

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D -  SCME- UMa  (High Spread)

ITU-UMi 3D

	Antenna configuration
	Transmitter: 2 Tx cross-polarized antenna at eNB

Receiver: 2Rx cross-polarized antenna at UE

Antenna tilt etilt = 15 degree

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB

	Feedback scheme
	For  CoMP UEs, 4bit CQI + 2/4bit PMI using Rel-8 codebook for 2 antenna ports with phase correction (2bit phase with π/2 resolution). 

For non-CoMP UEs, Rel-8 RI/CQI/PMI is reported.

	CoMP scheme
	DPS/DPB、Joint Processing

	Delay for scheduling and AMC
	6ms

	Feedback Mode
	Mode 3-1

	MBSFN subframe configuration
	MBSFN Subframe 1, 2, 3, 6, 7, 8

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver 

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements,

Channel estimation error modeling 
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