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1. Introduction

In 3GPP RAN1#70bis meeting, downlink control signaling for CoMP was discussed.  Through online discussion, some conclusions were reached [1]:
· 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”

· The DCI format in TM10 is Format 2D. 

· Default values are suggested in case RAN2 decides to specify default values. 

· Each state that can be signaled in DCI format 2D/C for TM10 corresponds to a higher-layer list of parameters:

· One number of CRS ports {1, 2, 4, and a reserved value that has no Rel-11 UE behaviour attached to it}, one CRS frequency shift, and one MBSFN subframe configuration 

· By default: the CRS and MBSFN configuration of the serving cell

· One configuration of ZP CSI-RS

· By default: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· PDSCH starting symbol: one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs),PCFICH of serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell

· One NZP CSI-RS resource index

· QCL is assumed between DMRS and the CSI-RS resource

· Discuss in RAN2 whether or not a default value should be specified
In this contribution, we express our opinion on the remaining details of downlink control signalling for CoMP.  Particularly, we analyze the difference between the one bit PQI and two bits PQI proposals.  Also, we discuss remaining issue on aperiodic CSI triggering.
2. Details of DCI Format 2D for TM10
With the information of CRS pattern (identified by the frequency shift and number of CRS ports), CSI-RS configuration, ZP CSI-RS configuration, MBSFN configuration, PDSCH starting symbol and quasi-co-location information, Table1 below can be formed. 
Table 1 RRC configuration to derive rate-matching pattern and quasi-co-location
	PDSCH RE mapping and QCL parameter set 0
	CRS pattern 0
	PDSCH starting position 0
	MBSFN Subframe config0
	NZP CSI-RS index 0
	ZP CSI-RS config 0

	PDSCH RE mapping and QCL parameter set 1
	CRS pattern 1
	PDSCH starting position 1
	MBSFN Subframe config1
	NZP CSI-RS index 1
	ZP CSI-RS config 1

	PDSCH RE mapping and QCL parameter set 2
	CRS pattern 2
	PDSCH starting position 2
	MBSFN Subframe config2
	NZP CSI-RS index 2
	ZP CSI-RS config 2

	PDSCH RE mapping and QCL parameter set 3
	CRS pattern 3
	PDSCH starting position 3
	MBSFN Subframe config3
	NZP CSI-RS index 3
	ZP CSI-RS config 3



	DCI bits
	Selection of PDSCH RE mapping and quasi-co-location parameter set

	0
	PDSCH RE mapping pattern and quasi-co-location parameter set 0 configured by higher layers 

	1
	PDSCH RE mapping pattern and quasi-co-location parameter set 1 configured by higher layers

	2
	PDSCH RE mapping pattern and quasi-co-location parameter set 2 configured by higher layers

	3
	PDSCH RE mapping pattern and quasi-co-location parameter set 3 configured by higher layers


Table 2 DCI signalling 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 and quasi-co-location between DMRS and CSI-RS to the UE.  
There are two alternatives to introduce DCI bits for dynamic switching among these four parameter sets.
Alt1 – 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 as shown in Table 3.
Table 3 DCI format 2D for indicating rate-matching patterns in Alt1
	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

	
	1
	PDSCH RE mapping and quasi-co-location parameter set 2 configured by higher layers

	1
	0
	PDSCH RE mapping and quasi-co-location parameter set 1 configured by higher layers

	
	1
	PDSCH RE mapping and quasi-co-location parameter set 3 configured by higher layers


Alt2 – Two new DCI bits PQI are added to the contents of DCI format 2C to form the DCI format for TM10.
We analyze these two alternatives in the aspects of high rank transmission and inter-TP MU-MIMO functionality.

High rank transmission

One major difference between two alternatives is the number of states supported in higher rank case (i.e. rank>2).  For DL transmission with rank≤2, both Alt1 and Alt2 can support four states.  For DL transmission with rank>2, Alt1 only supports two states because nSCID is always fixed to zero.  Therefore, only parameter sets 0 and 1 can be selected in case of rank>2 in Alt1.   We think two states is sufficient to support higher rank case due to the following reasons.
· CoMP evaluation was done mostly with rank up to two.  Majority of UEs equipped with up to 2 antennas.  It is expected maximum number of layers is two in most of the cases.
· Majority of CoMP UEs have measurement set size equal to 2.  Table 4 shows that the percentage of UEs with measurement set size equal to 3 is only 8% when the RSRP threshold is set to 9dB. 

· It is expected that UEs with rank>2 are more likely to exist in the cell center.  Even for the CoMP UEs with measurement set size equal 3, it is less likely for the transmission links from all three TPs to support higher rank transmission.  i.e. for the third TP with the weakest RSRP among the three TPs,  it is expected that higher rank transmission is unlikely to happen.  Table 4 shows the percentage of rank report with RI>2 of CoMP UEs with measurement size equal to 3.   Only 4.65% of rank reports for these UEs are higher than 2.  This effectively means 0.37% of chance would utilize these extra states in the system. 
Table 4 Statistics of UEs with measurement set size=3 and the CSI reports with RI>2 for the weakest TP for 4x4 system
	Percentage of UEs with CoMP measurement set size equal to 3
	8%

	Percentage of rank reports with RI>2 of CoMP UEs with measurement size equal to 3
	4.65%


In table 5, system level simulation results are shown to further prove that the effect of supporting these extra 2 states for higher rank is very small.  For Alt1, we have rank restriction (i.e. rank ≤2) on the TP with the lowest RSRP among the 3 TPs.  CoMP scheme used in the simulation is DPS/DPB.  All the UEs have 4Rx antennas and are capable with 4 layers transmission.  Further simulation assumptions can be found in appendix.  According to the results, only negligible (i.e. -0.2%) loss can be observed on cell average with Alt1 and there is essentially no difference for cell edge performance.
Table 5 the system performance comparison between Alt1 and Alt2

	Alt1 Vs Alt2
	Performance
	SE(bit/s/Hz)
	Gain

	Alt2 - No rank restriction on TP with lowest RSRP
	Average SE
	2.630
	0%

	
	Edge SE
	0.076
	0%

	Alt 1 - Rank restriction on TP with lowest RSRP
	Average SE
	2.624
	-0.2%

	
	Edge SE
	0.076
	 0%


Inter-TP MU-MIMO functionality

Besides high rank transmission, another difference is the support of inter-TP MU-MIMO functionality due to re-using nSCID  which is also used to indicate the DMRS sequence initialization.   According to [4] and [5], we discussed about the restrictions of supporting 3-TP coordination when there are only two available states and these restrictions have only very small impact on the performance.  Now that we have four states available for rank1-2, the impact should be further reduced because the inter-TP MU-MIMO is considered for rank-1 cases given that orthogonal DMRS for MU-MIMO is only supported for rank1.  Here we did some analysis on the cases when there are two coordinating TPs and three coordinating TPs.
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Figure 1 Inter-TP MU-MIMO for coordination between 2 TPs
Table 6  DCI signalling table for coordination between 2 TPs 
	PQI
	nSCID
	PDSCH RE mapping and quasi-co-location parameter set

	0
	0
	PDSCH RE mapping and quasi-co-location parameter set for Macro TP

	
	1
	PDSCH RE mapping and quasi-co-location parameter set for Macro TP

	1
	0
	PDSCH RE mapping and quasi-co-location parameter set for Pico TP1

	
	1
	PDSCH RE mapping and quasi-co-location parameter set for Pico TP1


When the coordination is done among 2TPs, there is no impact to the inter-TP MU-MIMO functionality.  According to table 6, the signaling table is configured such that PQI bit is used to choose between parameter sets of macro and pico TP1.  It has the flexibility to set  nSCID  =0 or 1 with each parameter set.    As illustrated in figure 1, this DCI table can be used to indicate the UEs to support DPS between macro and pico1 while maintaining inter-TP MU orthogonality in cases of rank 1 transmission on the left and rank 2 transmission on the right. 
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Figure 2 Inter-TP MU-MIMO for coordination among 3 TPs

Table 7  DCI signalling table for coordination among 3 TPs
	PQI
	nSCID
	PDSCH RE mapping and quasi-co-location parameter set

	
	
	UE1
	UE2
	UE3

	0
	0
	Parameter set for

Pico TP1
	Parameter set for

Macro TP
	Parameter set for

Pico TP1

	
	1
	Parameter set for

Pico TP1
	Parameter set for

Macro TP
	Parameter set for

Pico TP1

	1
	0
	Parameter set for

Macro TP
	Parameter set for

Pico TP1
	Parameter set for

Macro TP

	
	1
	Parameter set for

Pico TP2
	Parameter set for

Pico TP2
	Parameter set for

Pico TP2


When the coordination is done among 3TPs, the signaling can be configured according to table 7.  Because there are four states, it is enough to accommodate three parameter sets corresponding to three TPs in the CoMP measurement set.   The extra state can be used for duplicating the parameter set for one of the TPs (e.g. the serving cell/TP) so that the parameter set can be associated with both nSCID  =0 and 1.   As shown in figure 2, this DCI table can be used to indicate the UEs to support DPS among three TPs.  Inter-TP MU-MIMO can still be supported between macro and one of the pico TPs. In any case, the orthogonal DMRS coordination can be only done between two TPs at a time.  Also, with the restriction of two candidates of VCID for DMRS sequence, there are already some limitations to support 3TP coordination [3].   Tying nSCID further to PDSCH RE mapping and QCL parameter set doesn’t seem to have much impact on MU-MIMO functionality.  Most of inter-TP MU-MIMO scenarios can be still supported with the one new bit solution.  Even if inter-TP MU-MIMO is really a concern, NDI bit [5] can be re-used instead of adding an extra bit.
Alt2 increases the DCI overhead and hence degrades the control channel coverage.   It’s likely that the DCI format design in the future releases will be based on the latest introduced DCI format.  It is risky to build up a trend of increasing the DCI overhead without clear justification.  From the simulation results and analysis on the use case, we fail to see the justification of adding two new bits instead of one new bit.  Therefore, we propose to adopt Alt1 which introduces one bit only.
Proposal 1: One new DCI bit PQI together with nSCID is used for indication of PDSCH RE mapping and QCL information in DCI format 2D for TM10.  
In our companion contribution [2], we propose to use DVRB/LVRB bit to select the PDSCH rate matching among the two states for port 7 transmission for format 1A.   In this case, two of the four states configured for DCI format 2D can be re-used.   
3. Details of aperiodic CSI triggering
In RAN1#70bis meeting, the scheme as shown in table 8 was agreed (i.e. 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).
Table 8 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” 
	A report is triggered for a set of CSI process(es) configured by higher layers for serving cell c

	“10” 
	A report is triggered for a first set of CSI process(es) configured by higher layers

	“11” 
	A report is triggered for a second set of CSI process(es) configured by higher layers


In the case of 1 bit CSI request field in the CSI, the working assumption is to use the 1-bit field to trigger the same CSI processes as that of value of CSI request field ‘01’ of the 2-bit request field.  We didn’t see the ambiguities as long as the configuration of CSI processes and the configuration of the set of CSI processes for aperiodic CSI are done in the same time frame.  One CSI process can be configured in the set anyway when the network thinks there is a chance of ambiguity.  Therefore we propose to confirm the working assumption.
Proposal 2:  Confirm the working assumption that the 1-bit CSI request field is used to trigger the same CSI processes as that of value of CSI request field ‘01’ of the 2-bit request field.
4. 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: One new DCI bit PQI together with nSCID is used for indication of PDSCH RE mapping and QCL information in DCI format 2D for TM10. 

Proposal 2:  Confirm the working assumption that the 1-bit CSI request field is used to trigger the same CSI processes as that of value of CSI request field ‘01’ of the 2-bit request field.
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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)

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

Receiver: 2Rx cross-polarized antenna at UE

Antenna tilt etilt = 15 degree

	CSI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB, 10ms for RI

	CoMP scheme
	DPS/DPB

	DPS threshold
	9dB

	Maximum size of  measurement set
	3

	The number of eNB antennas
	4

	The number of UE antennas
	4

	Delay for scheduling and AMC
	6ms

	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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