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1. Introduction

So far the DL CoMP in LTE-Advanced has been targeted as a UE transparent approach based on Transmission Mode (TM) 9 using a UE-specific demodulation reference signal (DM-RS). However, some recently submitted contributions propose to utilize the features of carrier aggregation (CA) in the DL CoMP operation [1, 2]. This contribution presents a comparison of TM 9 based and CA based approaches for Rel-11 DL CoMP from the viewpoints of CoMP capabilities related to the TMs, and describes our observations.

2. Two Approaches for Rel-11 DL CoMP

In this contribution, two approaches and related schemes are discussed for Rel-11 DL CoMP transmission.

· TM 9 based approach

· Conventional TM 9 scheme

· Same scheme (DCI and demodulation scheme) as Rel-10

· Enhanced TM 9 scheme
· DCI and demodulation scheme for TM 9 is further optimized (modified) for Rel-11 CoMP

· CA based approach

· Cross-cell scheduling scheme (w/ CIF)

· Additional cells are configured for CoMP by utilizing Rel-10 CA mechanism with CIF

· Each cell scheduling scheme (w/o CIF)
· Additional cells are configured for CoMP by utilizing Rel-10 CA mechanism without CIF

According to the simulation results in [3] and Appendix, at least dynamic point selection (DPS)-type CoMP should be supported in Rel-11 by applying such CoMP approaches.
2.1 TM 9 Based Approach

DL CoMP in LTE-Advanced was specified as a UE transparent approach based on TM 9 using the DM-RS. In the conventional TM 9 scheme specified in Rel-10, although transparency can be achieved from the UE demodulation perspective, there are some issues that limit the CoMP capabilities. For example, if we try to conduct DPS or joint transmission (JT) in this approach, the PDSCH starting symbol should be aligned among different transmission points (TPs) to avoid a PDSCH starting symbol mismatch [4]. Furthermore, DPS and JT can only be achieved in scenarios in which the CRS-to-PDSCH interference problem does not occur (or does not occur often), e.g., MBSFN subframes, additional carrier type, and cells with the same CRS frequency shift [4].

Enhanced TM 9 schemes have been discussed in order to address these issues optimizing DCI and demodulation schemes to CoMP features so that Rel-11 UEs can enjoy variable CoMP schemes such as CoMP JT, DPS, and CS/CB in a UE transparent manner. For example, the DCI could be enhanced to indicate muting RE positions and the PDSCH starting symbol for flexible DL CoMP transmissions [4, 5, 6].

Observation 1: The conventional TM 9 scheme is not sufficient for flexible CoMP operation. In Rel-11, at least DPS-type CoMP should be supported even in normal subframes with CRS applying frequency shifts among cells.

2.2 CA Based Approach

Some recent contributions proposed utilizing CA features in Rel-11 DL CoMP operation [1, 2]. In such a CA based approach, by allowing the Rel-10 CA features within cells in the same carrier/frequency, additional cells are configured for CoMP as shown in Fig. 1. The main merit of this approach is that Rel-11 UEs can achieve DPS-type CoMP even for TM 3/4 using CRS based demodulation because CoMP measurement sets can be configured as additional cells and the eNode B can dynamically assign a CoMP transmission point [1]. However, some limitations on the CoMP operation will result if we only reuse the Rel-10 CA features in DL CoMP.
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Figure 1 – CA based approach for CoMP (assuming single CC operation in the frequency domain)
If the CIF is configured in this CA based approach, the cross-carrier scheduling principle can be reused (referred to as cross-cell scheduling [1]), and there are two alternatives considering CoMP operation as shown in Fig. 2. Note that, hereafter, we use the terms Pcell and Scell instead of the serving cell and non-serving cell assuming the operation examples in Fig. 2.
· Alt. 1: Only the DCI for either the Pcell or Scell can be transmitted 

· Alt. 2: DCIs for both the Pcell and Scell can be simultaneously transmitted as in the case of normal CA capability
Figure 2 shows one example considering a HetNet scenario, and we assume that the Macrocell and RRH cell are configured as the Pcell and Scell, respectively. In this case, Alt. 1 seems to be a better approach if we consider DPS operation because in Alt. 2, some DCI information, e.g., the resource block assignment for the Scell, is quite redundant. Therefore, in the following discussion, we consider only Alt. 1 with and without the CIF.
Considering DPS operation with the CIF, the PDSCH starting symbol for the Scell (cross-carrier scheduled cell) cannot be dynamically changed based on the current CA mechanism, i.e., semi-static RRC signaling. However, the UE can always read the DCI from the Pcell in the same manner as in the TM 9 based approach.
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Figure 2 – CA based approach with CIF (cross-cell scheduling) for CoMP
If the CIF is not configured in this CA based approach, the DCI is transmitted from either the Pcell, i.e., Macrocell, or Scell, i.e., RRH cell, as shown in Fig. 3. In this case, the PDSCH starting symbol can be dynamically changed contrary to that for the case with the CIF. Furthermore, different from the case with the CIF and the TM 9 based approach, the DCI is transmitted from a dynamically selected cell. This feature is effective when the dynamically selected cell yields the best SINR. However, this may not be true in some HetNet scenarios. Therefore, if the CA based approach is taken, the case with and that without the CIF might be supported for deployment flexibility.
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Figure 3 – CA based approach without CIF for CoMP

3. Comparison and Discussions for Future Deployments
As discussed in Section 2, both the enhanced TM 9 based approach and the CA based approach with or without the CIF can support the DPS-type CoMP scheme even in normal subframes in which the CRS may be transmitted with different frequency shifts among cells. We briefly compare the enhanced TM 9 scheme and CA based approach below.

The major benefits to using the CA based approach rather than the enhanced TM 9 scheme are given below.

· DPS is applicable not only to TM 9 but also to TM 3/4

· TM 3/4 has the potential benefit to reduce the RS overhead especially in a two-Tx case

· A flexible CIF configuration is possible if the case with and that without the CIF are supported. The DCI can be transmitted either by the Pcell or a dynamically selected cell according to the deployment scenario.

On the other hand, the major drawbacks are as follows.

· JT-CoMP is still limited

· For example in MBSFN subframes, an additional carrier type, and cells with the same CRS frequency shift
· DPS can be applied, but CRS interference remains.

· Here, we assume that the enhanced TM 9 can support RE muting to avoid CRS interference [4, 5]

· The number of blind decodings for the PDCCH is significantly increased if the current CA mechanism is reused

· For example, 5 CCs x 3 TPs = 15 cells
Based on the comparison, Fig. 4 shows CoMP operations in LTE-Advanced (including future deployments) considering the TM 9 and CA based approaches. If we assume the CA based approach, we can achieve DPS-type CoMP operation not only for Rel-11 TM 9 but also for Rel-11 TM 3/4 which may be suitable for 2 Tx base stations. In this case, JT-CoMP is still limited, but when an additional carrier type without CRS is widely used in the future deployments, flexible CoMP operation using TM 9 becomes possible.

If we assume the TM 9 based approach with some enhancements, TM 3/4 will only support the existing ICIC techniques, e.g., Rel-8/10 semi-static ICIC schemes, now and in the future. However, Rel-11 TM 9 can flexibly support various CoMP schemes such as CoMP JT, DPS, and CS/CB in a UE transparent manner. We show some system performance comparison results of semi-static ICIC and DPS/DPB CoMP in Appendix for reference.
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Figure 4 – CoMP operation in LTE-Advanced
Observation 2: If we need to select either the CA based or TM 9 based approach, not only should the advantages and disadvantages of each approach be carefully investigated but also transmission modes that will be widely used in future deployments should be considered.

4. Conclusion

This contribution presented a comparison of TM 9 based and CA based approaches for Rel-11 DL CoMP from the viewpoints of CoMP capabilities related to the TMs. Below are our observations.

Observation 1: The conventional TM 9 scheme is not sufficient for flexible CoMP operation. In Rel-11, at least DPS-type CoMP should be supported even in normal subframes with CRS applying frequency shifts among cells.

Observation 2: If we need to select either the CA based or TM 9 based approach, not only should the advantages and disadvantages of each approach be carefully investigated but also transmission modes that will be widely used in future deployments should be considered.
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Appendix – System Performance Comparison of Semi-static ICIC and DPS/DPB CoMP
Table A-I shows our system performance comparison results of semi-static ICIC and DPS/DPB CoMP. Detailed simulation assumptions are listed in Table A-II. Basic assumptions are aligned with common assumptions in [7]. We assume Scenario 2, and CoMP coordination set size is set to 9 transmission points. For a single point transmission and semi-static ICIC, 2x2 TM4 SU-MIMO is assumed, and for DPS/DPB CoMP, 2x2 TM4 and TM9 SU-MIMO are assumed.
Table A-I – System Performance Comparison of Semi-static ICIC and DPS/DPB CoMP
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Table A-II – Simulation Assumptions
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites,
3 sectors per cell-site

	Inter-site distance (ISD)
	500 m

	Antenna pattern at eNode B 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.)

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Transmission power of eNode B/ RRH
	46 dBm

	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)

	Channel model
	SCM-UMa with high angular spread, 3km/h

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wavelengths 2 Tx: X  (+45/-45)

UE: 0.5 wavelengths 2 Rx:  X (+45/-45)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	CSI feedback interval
	10 TTIs

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

	Granularity of rank adaptation
	200 TTIs

	Granularity of semi-static ICIC
	200 TTIs

	Number of CoMP coordination cells
	9 cells

	Maximum number of coordination points for CoMP transmission
	2

	Handover hysteresis
	3 dB

	Number of UEs per cell
	10

	DM-RS/CRS channel estimation
	Non-Ideal 

	CSI-RS channel estimation
	Ideal

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH 
	· Single point transmission, semi-static ICIC, and DPS with TM4 SU-MIMO: 21.5%

(PDCCH (2 symbols per subframe), CRS (2 ports))

· DPS with TM9 SU-MIMO: 25.4%

(PDCCH (2 symbols per subframe), DM-RS (12 REs per PRB), CRS (2 ports in 4/10 non-MBSFN subframes), CSI-RS (2 REs per RB per 10 ms for 2 antenna ports), CSI-RS with muting (18 REs per RB per 10ms for 2 antenna ports))

	Threshold for cell-edge UE decision
	10 dB

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

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	CSI feedback error
	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No
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