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1 Introduction
Regarding the downlink control signalling for CoMP, it was agreed in RAN1#70bis [1] that
· RRC signalling configures up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D
In addition, there were two alternatives for DCI signalling in Format 2D with the following details:
· Alternative 1: A new bit 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
· Alternative 2: 2 new bits are added to the contents of DCI format 2C to form the DCI format for TM10.
In order to finalize the contents of DCI format 2D for TM10, this contribution presents Samsung’s view on the above competing alternatives.
2 Design Consideration for DCI Format 2D
According to the RAN1 agreement in RAN1#70bis, four sets per CC of PDSCH RE mapping and quasi-co-location parameters (PQ parameters) are configured by UE specific RRC signalling and then DCI format 2D indicates one of them for a UE to decide what to assume when receiving PDSCH using the PDCCH/ePDCCH. Table 1 lists such four states to indicate PQ parameters.
Table 1: Four states for PDSCH RE mapping and quasi co-location parameters.

	States 
	UE’s assumption of PDSCH RE mapping
	NZP CSI-RS for quasi co-location assumption

	1
	First PDSCH RE mapping 

configured by higher layers 
	First NZP CSI-RS 
configured by higher layers

	2
	Second PDSCH RE mapping configured by higher layers 
	Second NZP CSI-RS

configured by higher layers

	3
	Third PDSCH RE mapping configured by higher layers 
	Third NZP CSI-RS 
configured by higher layers

	4
	Fourth PDSCH RE mapping configured by higher layers 
	Fourth NZP CSI-RS

configured by higher layers


In the following subsections, details on the DCI signalling for PQ parameters in Format 2D are discussed.
2.1 Indication of PQ Parameters
The key benefit of Alternative 1 over Alternative 2 is that it requires one less bit. Given the fact that TM10 is introduced in Release 11 for the support of CoMP, avoiding any unnecessary signalling overhead is crucial since CoMP would be mostly applicable to cell edge UEs with lower than average geometry. In order to minimize additional DCI overhead to support dynamic indication of PQ parameters in Release 11, Alternative 1which requires only one additional bit on top of DCI format 2C would be preferable to Alternative 2 which requires two new bits on top of DCI format 2C. The DCI format size should be kept as small as possible to avoid possible PDCCH/E-PDCCH overload and therefore to maximize the coverage of DCI format 2D. This is especially true for TM10 since CoMP would be applicable to cell edge UEs.
Observation 1: In DCI overhead perspective, Alternative 1 requires smaller overhead compared to Alternative 2
· Alternative 1: One new bit is added to the contents of DCI format 2C to form DCI format 2D 

· This new bit is used together with nSCID to select one of the four sets of PDSCH RE mapping and quasi-co-location parameters

· Alternative 2: Two new bits are added to the contents of DCI format 2C to form the DCI format 2D

One concern for Alternative 1 would be that nSCID has the fixed value of 0 in case of rank larger than or equal to three such that 3-TP coordination is limited up to rank-2 transmission in terms of indication of PQ parameters. Note that it is clear that 2-TP coordination can be fully supported by Alternative 1 with two different PQ parameters for each TP such as an example shown in Table 2.
Table 2: Indication of PQ parameter for 2-TP coordination scenario.
	nSCID
	new bit
	PQ parameter

	0
	0
	PQ parameter 1 for TP 1

	0
	1
	PQ parameter 2 for TP 2

	1
	0
	PQ parameter 3 for TP 1

	1
	1
	PQ parameter 4 for TP 2


Addressing the concern on the case of rank larger than or equal to three, the rank statistics of UEs configured with three TPs were obtained from the agreed upon RAN1 simulation methodology for
· One high power RRH and four low power RRHs in one macro area,

· 4 Tx and 4 Rx antennas for RRHs and UEs, respectively,

· X-POL antenna configuration

· Full buffer and FTP traffic cases,

· Clustered and uniform UE dropping (configuration 4b and 1 in TR 36.814, respectively).
The detailed simulation assumptions are listed in Appendix A.

Table 3 shows the percentage of rank-n reports for each TP configured to UEs (target UEs) which have CoMP measurement set size of 3 in full buffer traffic where the TP indexing is based on the order of received power such that:

· 1st TP: TP with the largest received power

· 2nd TP: TP with the second largest received power

· 3rd TP: TP with the third largest received power
The CoMP measurement set is determined with 6 dB CoMP threshold. The simulation result shows that the target UEs do not report rank larger than 2 especially for the 3rd TP. 
Furthermore, Table 4 shows that the probability of reporting rank larger than 2 for the 3rd TP is lower than 3% even in FTP traffic case. It is also noted that the rank results in Tables 2 and 3 are well aligned with the geometry result in Figure 1 where the geometry for the 3rd TP of target UEs is significantly worse than that for the 1st TP such that supportable rank cannot be larger than 2.
Table 3: Rank statistics for each TP configured to target UEs (full buffer traffic, CoMP th. = 6 dB).
	UE dropping
	Target TP
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	Clustered
	1st TP
	20.00%
	80.00%
	0.00%
	0.00%

	
	2nd TP
	38.00%
	62.00%
	0.00%
	0.00%

	
	3rd TP
	57.02%
	42.98%
	0.00%
	0.00%

	Uniform
	1st TP
	21.00%
	79.00%
	0.00%
	0.00%

	
	2nd TP
	37.60%
	62.40%
	0.00%
	0.00%

	
	3rd TP
	57.41%
	42.59%
	0.00%
	0.00%


Table 4: Rank statistics for each TP configured to target UEs (FTP traffic with RU=0.5).
	UE dropping
	Target TP
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	Clustered
	1st TP
	8.61%
	85.68%
	5.69%
	0.02%

	
	2nd TP
	21.76%
	73.20%
	5.03%
	0.00%

	
	3rd TP
	35.27%
	62.56%
	2.17%
	0.00%

	Uniform
	1st TP
	9.01%
	86.38%
	4.60%
	0.00%

	
	2nd TP
	21.05%
	75.06%
	3.89%
	0.00%

	
	3rd TP
	35.35%
	62.67%
	1.98%
	0.00%
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Figure 1: Geometry for each TP configured to target UEs (Clustered UE dropping).
Table 5: TP selection ratio.
	Traffic
	UE dropping
	1st TP
	2nd TP
	3rd TP

	Full buffer
	Clustered
	82.66%
	13.33%
	4.01%

	
	Uniform
	81.47%
	14.42%
	4.11%

	FTP
	Clustered
	89.24%
	9.17%
	1.59%

	
	Uniform
	87.32%
	10.75%
	1.93%


Table 5 shows that the ratio of UEs having CoMP measurement set size of three being scheduled on the 3rd TP is lower than 2% in FTP traffic case. Combining this result with the above rank statistics, it seems obvious that a UE being scheduled with rank larger than 2 on the 3rd TP is nothing more than a corner case which would not affect to the overall CoMP system performance.
Observation 2: UEs being scheduled with rank larger than 2 on the 3rd TP is a corner case which would not affect to the overall system performance
Having discussed the above simulation results, it is easily deduced that 2 states for PQ parameters are sufficient in case of rank larger than 2 such that 3-TP coordination can be fully supported by Alternative 1. For example, with the configuration in Table 6, UEs having CoMP measurement set size of 3 can operate within a 3-TP coordination without further need of additional states for indication of PQ parameters. Additionally, note that the fourth state is still available for further flexibility if necessary. 
Based on the above discussions and observations, it is proposed for RAN1 to adopt Alternative 1 which reuses nSCID for dynamic indication of PDSCH RE mapping and quasi-co-location parameters in DCI format 2D.
Table 6: PQ parameters for 3-TP coordination scenario.
	nSCID
	new bit
	PQ parameter

	0
	0
	PQ parameter 1 for TP 1

	0
	1
	PQ parameter 2 for TP 2

	1
	0
	PQ parameter 3 for TP 3

	1
	1
	Available for scheduling flexibility

(PQ parameter 4 for TP 2)


Proposal 1: Adopt Alternative 1 which reuses nSCID for dynamic indication of PDSCH RE mapping and quasi-co-location parameters in DCI format 2D
2.2 Consideration for 1 CSI process
It was agreed in the last meeting that the maximum number of CSI processes {1,3,4} is a UE capability for TM10-capable UEs. When the UE is capable of only one CSI process, DPS cannot be supported. In this case, it is sufficient to configure only one set of PQ parameters for DCI format 2D. To achieve additional overhead saving for DCI format 2D, the new bit needs not be present if the UE is capable of only one CSI process.

The same overhead saving can also be achieved for UE capable of multiple CSI processes but is configured with only one CSI process. Therefore, the new bit also needs not be present if the UE is configured with only one CSI process.

When the number of CSI process is 1, the RRC should only configure one set of PQ parameters. The UE assumption about the PQ parameter to apply is then as shown in Table 7.
Table 7: PQ parameter for 1-TP scenario.
	nSCID
	new bit
	PQ parameter

	0
	N/A
	PQ parameter 1 for TP 1

	1
	N/A
	PQ parameter 1 for TP 1


Proposal 2: The new bit is not present for format 2D if the UE is only capable of one CSI process or the UE capable of multiple CSI processes is configured with only one CSI process.

Proposal 3: When the number of CSI process is 1, the RRC only configures one set of PQ parameters and the UE assumption about the PQ parameter to apply is as shown in Table 6.
3 Conclusion
This contribution summarizes Samsung’s view on design considerations of DCI format 1D for TM 10. Regarding on indication of PQ parameters, it is observed that:
Observation 1: In DCI overhead perspective, Proposal 1 would be preferable between

· Proposal 1: one new bit is added to the contents of DCI format 2C to form DCI format 2D 

· This new bit is used together with nSCID to select one of the four sets of PDSCH RE mapping and quasi-co-location parameters

· Proposal 2: two new bits are added to the contents of DCI format 2C to form the DCI format 2D

Observation 2: UEs having CoMP measurement set size of 3 report rank larger than 2 with almost zero probability

Observation 3: With Proposal 1, UEs having CoMP measurement set size of 3 can be supported by 3-TP coordination without any problem for indicating PQ parameter for each TP
Based on the above observation, it is proposed that 
Proposal 1: Reuse nSCID for dynamic indication of PDSCH RE mapping and quasi-co-location parameters in DCI format 2D

From further consideration for 1 CSI process, it is proposed that

Proposal 2: The new bit is not present for format 2D if the UE is only capable of one CSI process or the UE capable of multiple CSI processes is configured with only one CSI process.

Proposal 3: When the number of CSI process is 1, the RRC only configures one set of PQ parameters and the UE assumption about the PQ parameter to apply is as shown in Table 6.
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5 Appendix A
	Parameter
	Values used for evaluation (Scenario 4)

	Deployment scenarios
	Network with low power RRHs within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (Scenario 4)
· Coordination area includes:
- 1 cell with N low-power nodes

· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID

	Simulation case
	Deployment scenarios 3, 4: ITU UMa for Macro, UMi for low power node
· UMa
-  UE speed : 3km/hr

-  No outdoor in-car penetration loss
· UMi
-  Carrier Frequency : 2GHz

-  100% UE dropped outdoors
- No outdoor to indoor penetration loss

	Number of low power node per macro-cell
	From TR36.814: N = 4 (baseline) or 10(optional)
· Configuration #4b with N low power nodes per macro cell
· Configuration #1 with N low power nodes per macro cell

	High power RRH Tx power (Ptotal)
	46 dBm in 10MHz carrier

	Low power node TX power (Ptotal)
	30 dBm in 10MHz carrier

	Number of UEs per macro-cell
	Dependent on the targeted resource utilization for non-full buffer traffic

	System bandwidth
	10 MHz

	Transmission schemes in DL
	SU-MIMO (DS, DS/DB, and Rel-10 macro/pico)

	Impairments modelling
	Baseline timing error is 0us

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	Macro: 2
Low power RRH: 2

	Number of antennas at UE
	2

	Antenna configuration
	For macro and low power RRH

· 2 antennas: 1 column, cross-polarized: X

Cross-polarized antenna configuration is also applied to the receiver. 

	Antenna pattern
	For macro eNB and high-power RRH: 3D as baseline
For low-power RRH: 2D as baseline

	eNB Antenna tilt
	For macro eNB and high-power RRH: 15 degrees downtilt.
For low power node: 0 degree

	Antenna gain + connector loss
	For macro eNB and high-power RRH: 17 dBi in ITU
For low power node: 5 dBi

	Feedback scheme (CQI/PMI/RI)
	Implicit feedback
PUSCH 3-2 like feedback (subband PMI/CQI report,5RB subband size) for both Rel-10 and CoMP

Feedback overhead for CoMP UEs is doubled compared to Rel-10 UEs

Feedback periodicity is 5 ms with 6 ms delay

	Channel estimation
	Non-ideal channel estimation on CSI-RS and DM-RS

Feedback scheme based on Rel. 10 RI/PMI CQI design

	UE receiver
	Mandatory: MMSE receiver model option1 in R1-11058

	DL overhead assumption
	2 OFDM symbol for PDCCH & No CRS overhead & 1 or 2ports DMRS, i.e. 36/168 DL overhead (i.e. overhead of MBSFN subframes) 

	Placing of UEs
	For heterogeneous networks, placement according to the configuration

	Traffic model
	Non-full-buffer according to Section A.2.1.3.1 in TR36.814, with the following modifications:

· Model 2 with file size of 0.5 Mbytes
· Simulations are run for various K (for model 2) that lead to covering at least the range [10 - 70]% of RU (See A.2.1.3.2) in non-CoMP SU-MIMO, and the metrics described in A.2.1.3.2 are computed for each K (for model 2) value
· The RU is computed over the entire network, i.e. the RU is the average of the RUs per transmission point

	Backhaul assumptions
	[point-to-point fiber, zero] latency and infinite capacity

Optical fiber required to perform dynamic selection

	Link adaptation
	Non-ideal (CQI adjusted based on outer-loop control relying on ACK/NACK feedback. MCS allocated based on CQI)


6 Appendix B
Table A-1: Rank statistics for each TP configured to target UEs (full buffer traffic, CoMP th. = 10 dB).

	UE dropping
	Target TP
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	Clustered
	1st TP
	12.77%
	87.23%
	0.01%
	0.00%

	
	2nd TP
	45.04%
	54.96%
	0.00%
	0.00%

	
	3rd TP
	78.79%
	21.21%
	0.00%
	0.00%

	Uniform
	1st TP
	15.08%
	84.91%
	0.01%
	0.00%

	
	2nd TP
	45.24%
	54.76%
	0.00%
	0.00%

	
	3rd TP
	78.67%
	21.33%
	0.00%
	0.00%


