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1 Introduction

During the Rel-11 CoMP SI phase, RAN1 has identified four CoMP scenarios for Rel-11 study and take extensive evaluations and discussions on the promising CoMP schemes and necessary standard impacts. In order to give a summary at the end of this SI, this contribution firstly summarizes the observations from the phase1 and phase2 CoMP evaluations to give an overview of potential CoMP benefit; secondly, the system design principles and corresponding standard impacts are analyzed for a clear vision of how to realize the CoMP benefit in the specification. Proposals are given accordingly to be captured for the CoMP TR 36.819.

2 Observations from CoMP phase 1 and phase 2 evaluations
It was agreed in RAN1 63bis that four scenarios will be investigated in CoMP SI, namely:

· Scenario 1: Homogeneous network with intra-site CoMP
· Scenario 2: Homogeneous network with high Tx power RRHs
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell

The CoMP performance in the four scenarios is evaluated in two steps, i.e. scenarios 1 and 2 in phase1, and scenarios 3 and 4 in phase2.

In RAN1 #65 meeting, a total of 20 companies participated in the phase1 evaluation and provided simulation results for different CoMP schemes (JT, DPS, CS/CB) for scenarios 1 and 2. The basic observation for phase1 has been captured in the TR 36.819 [1].

· CoMP can offer performance benefit in homogeneous networks

The following observations are made based on submitted performance numbers, although the observations do not take into account that the following assumptions (channel estimation error modelling, channel reciprocity modelling, feedback / SRS mechanisms, scheduler, receiver, performance baseline) may vary among sources
· The results are based on ideal and non ideal assumptions.

· The relative CoMP performance gain over No CoMP
· is increased for the ITU UMi scenario compared to 3GPP case 1 for DL CoMP
· is decreased for high load compared to low load for SU-JP in non-full buffer
Besides the observations above, more information could be obtained in the summarized CoMP results. Table1 lists the CS/CB-MU-MIMO and JT-MU-MIMO gain over single cell MU-MIMO in scenario 1 and 2 for FDD; the results with 3 or more samples are selected from [1].
Table 1 Summary of the CS/CB-MU-MIMO and JT MU-MIMO gain over single cell MU-MIMO

	
	
	Scenario & antenna
	samples
	Cell avg. gain
	Cell edge. gain

	CS/CB 
	Case1
	1, 4(2, cross-pol
	4
	1%
	4.11%

	JT
	Case1
	1, 4(2, cross-pol
	7
	2.81%
	20.42%

	CS/CB 
	Case1
	1, 4(2, ULA
	3
	3.11%
	4.10%

	JT
	Case1
	1, 4(2, ULA
	4
	2.12%
	20.63%

	CS/CB 
	Case1
	2, 4(2, cross-pol
	7
	3.63%
	11.66%

	JT
	Case1
	2, 4(2, cross-pol
	7
	8.7%
	31.35%

	CS/CB 
	Case1
	2, 4(2, ULA
	6
	4.12%
	12.22%

	JT
	Case1
	2, 4(2, ULA
	5
	11.4%
	28.87%


From the results we observe that in the full buffer case, CoMP CS/CB offers noticeable performance benefit while CoMP JT provides significant performance improvement over Rel-10 single cell MU-MIMO. The performance gain increases from scenario 1 to scenario 2 due to more cells involved in the coordination, especially for cell edge performance. TDD CoMP would provide more gain than FDD due to the more accurate CSI information, although it is not listed in table 1. This observation is deduced from the results of many companies and reflects an important feature of CoMP schemes, thus it is recommended to be captured in the TR as well.

Proposal 1:

The TR should include the additional phase1 observations as below

· MU-JT provides the most promising gains

· MU-JT naturally provides support for SU-JT, which is most beneficial when the traffic is low

· CS/CB offers noticeable but smaller gains 

· Larger coordination area would provide more CoMP gain, especially in cell edge 

Phase2 evaluations have been carried out until RAN1 #66 meeting. From our evaluations [2-5], similar performance trends as phase 1 are observed. A mixed MU-JP scheme, i.e. dynamic JT+DPS, offers the biggest performance benefit in heterogeneous networks for both full buffer and non-full buffer traffic. CS/CB scheme provides noticeable but smaller gains. 

Another observation is that CoMP JP exhibits larger cell edge gain over Rel-10 eICIC with medium range expansion (RE=3dB), as in figure 1. Some company shows that the cell edge performance gain increases with large RE, under the assumption of ideal PDCCH reception. From the Rel-10 discussion, we understand that the large RE would cause great CRS interference to the control and common channel of victim cell in ABS subframe, thus the PDSCH performance gain of the victim UE under large RE is unachievable with default receivers. Therefore, CoMP is more effective than Rel-10 eICIC mechanism in heterogeneous networks.
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Figure1. Comparison of Rel-10 eICIC and JT+DPS over single cell MU-MIMO [2]

*ABS 2-8 means 2 ABS subframes and 8 normal subframes per frame

*The simulation is in configuration1
In non-full buffer traffic, the mixed MU-JP scheme also exhibits good gain in heterogeneous network. And the gain increases with the number of users in the macro coverage.
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Figure 2 mixed MU-JP gain over single cell transmission [4]

*The simulation is in configuration4b
Proposal 2

· CoMP can provide performance gain in heterogeneous networks

· CoMP is more effective than Rel-10 eICIC mechanism in heterogeneous networks
· MU-JP provides the most promising gains in both full buffer and non full buffer traffic
· Mixed JT and DPS is a good tradeoff of complexity and performance gain
· CoMP gain increases with the number of UEs in the network
· CS/CB offers noticeable but smaller gains 

3 Rel-11 CoMP standard impact and design principles

In order to realize the CoMP performance benefit summarized in [1], necessary standard impact needs to be identified as a summary of this SI and specified in the coming WI. An email discussion has been conducted before RAN1 #66 meeting to discuss the CoMP standard impact. In this section, general views are given on the CoMP design principles and detailed standard impact are analyzed to form an overview of the CoMP specification work and to help to evolve to the WI.

Proposal 3 for CoMP design principles:

· One CoMP transmission mode is defined. 

· This transmission mode would include all the CoMP transmission schemes (JT/DPS/CS/CB). It is an evolution of Rel-10 TM9 from single cell to multiple points coordinated transmission. It naturally supports single-point transmission, at least of rank 1.
· One measurement set(s) configuration is used in the CoMP transmission mode. 

· The CoMP measurement set(s) used for CSI feedback and CoMP RRM measurement are used for all schemes in CoMP transmission mode. 

· Common feedback framework with hierarchical structure is defined for different schemes.
· With the common feedback framework, per-point CSI information is used for DPS and CS/CB, while JT is supported with DPS/CS/CB feedback and additional inter-point phase/magnitude information. CoMP CQI is needed taking into account the CoMP transmission hypothesis. As for legacy transmission modes, several feedback modes can be defined to support the CoMP transmission mode.
· Strive to reuse and extend the existing mechanisms to save standard effort.

· Features and procedures defined in Rel-10 specification related to carrier aggregation and resource-restricted measurements may be reused or extended to provide some CoMP support.

Under the design principles, detailed standard impacts are analyzed respectively.

3.1 CoMP set configurations 

There are multiple CoMP set definitions in the TR and their relationships are discussed in [6]. Some of them are maintained by eNB and are transparent to the UE. Only two sets need to be signalled to the UE, i.e., CoMP measurement set (for CSI/CQI feedback) and CoMP RRM measurement set. 

CoMP measurement set is semi-statically configured via higher layer signalling. This set includes the CSI-RS configurations with which the UE would measure and feedback the CSI information for multiple points. eNB would then select transmission points and generate precoding vectors for the CoMP UE considering interference coordination and data availability.

RRM measurement set in Rel-8/9/10 is the set of cells for which the RRM measurements are performed, which are then used for handover, cell selection, etc. Those procedures are based on CRS measurements. In CoMP procedure, additional CoMP RRM measurements may be defined, which are based on the CSI-RS measurements. The CoMP RRM measurement set could be used for point association and to semi-statically maintain the CoMP measurement set. It is especially necessary in scenario 4 in which the CRS could be transmitted from all the RRHs via SFN, so RRM measurements could rely on CSI-RS instead. This RRM measurement set could also be useful in other scenarios.

Proposal 4:

· Two sets need to be configured to the UE via higher layer signalling, namely the CoMP measurement set and CoMP RRM measurement set;

· CoMP CSI and RRM measurements are based on CSI-RS.

3.2 CoMP transmission

There will be one CoMP transmission mode defined, which includes all the CoMP transmission schemes (JT/DPS/CS/CB). The CoMP transmission would be supported by feedback measurements on CSI-RS and PDSCH demodulation on DMRS as for Rel-10 TM9. In fact, the Rel-10 TM9 with single cell single layer is a special case in CoMP transmission mode. 

In CoMP JP transmission, the control channel of one point may schedule the data channel of another point, thus cross-point scheduling needs to be investigated. One possible method is that due to UE specific DMRS, the UE only assumes that the transmission is from the serving cell and the scrambling sequence is initialized by the serving cell ID, without knowing the actual transmission points or schemes. Another possibility is to allow the UE to detect control channel of multiple points and obtain the corresponding data scheduling. Rel-10 CA type signalling for cross carrier scheduling may be reused or extended to achieve the cross point scheduling.

There are some issues related to JT transmission in [7][8]. The first one is that the PDCCH control region size may be different in the coordinated cells and the UE would assume the PDSCH starting symbol of its serving cell. This issue is similar to cross carrier scheduling where the UE should know the PDSCH starting symbol of the scheduled carrier. The simplest solution is to inform the UE of this information. 

The second issue is that due to the CRS frequency shift among multiple cells, the PDSCH RE in one cell would collide with the CRS RE in another cell in joint transmission, thus the DMRS based channel estimation is not accurate for those collision REs in case both cells participate in JT. One solution is to align the CRS shift of multiples cells which participate in the JT transmission to avoid such collision, but this may result in performance degradation for legacy UEs and control/common channels. Another solution is to schedule the JT transmission in MBSFN subframes where no CRS is transmitted. This solution has no standard impact but has some scheduling restriction. The problem could also be solved by differentiating the PDSCH mapping and demodulation of colliding and non-colliding REs, respectively, which may require some standard effort.

These two issues would not happen in scenario 4 since multiple points share the same PDCCH region and CRS shift.

Proposal 5:

The CoMP transmission mode would include all the CoMP transmission schemes.

· The transmission is based on CSI-RS measurement and DMRS demodulation; 

· Cross point scheduling needs to be investigated.

When mapping CoMP PDSCH to resource elements, solutions to the two cases needs to be identified:

· Different PDCCH control channel region size for multiple cells;

· Different CRS frequency shift for multiple cells;

3.3 CoMP feedback

As described in the beginning of this section, a common feedback framework with hierarchical structure is proposed as the CoMP feedback design principle. The hierarchical feedback structure means that the feedback for one CoMP scheme would be supported with the feedback for other CoMP scheme and complementary information. It aligns with the baseline proposal in the TR that CS/CB/DPS schemes could be supported by per-point CSI feedback while the JT could be supported by per-point CSI and inter-point phase offset to provide higher performance gain.  This common feedback framework also enables the eNB to flexibly select the transmission schemes and transmission points, if the UE reports the per-point CSI and inter-point phase offsets.

From the evaluations in Figure 3 and 4 in Appendix A, it is shown that the inter-point CSI is important for coherent JT performance and 4 bits may be sufficient to reflect the relative phase/magnitude offset information.

For single point CQI, only the single point transmission is assumed, i.e, transmission from the reported point and interference from other points is considered. In CoMP case, the CQI should reflect the hypothesis after CoMP processing, e.g, the CoMP transmission and interference coordination among multiples points is reflected in the CQI. The eNB may adjust the CQI or MCS accordingly in actual transmission. If a UE is configured with CoMP transmission mode, it may feedback CQI for serving cell with CS/CB hypothesis, individual CQI for multiple points (including serving point) with DPS hypothesis and a joint CQI with JT hypothesis. 

Proposal 6:

Under the common feedback framework, individual per-point CSI with inter-point relative phase offsets are feedback by UE:

· 4bits are needed to convey the inter-point relative phase/magnitude offset;

· Introduce CoMP CQI which reflects the CoMP transmission hypothesis.

3.4 DL reference signal enhancement 

In Rel-10 TM9 MU-MIMO, up to four rank 1 users could be supported with 2 orthogonal DMRS and 2 scrambling sequences. In CoMP transmission, the number of paired UEs would increase due to the larger number of joint transmission antennas, especially in scenario 4. Thus it is necessary to enhance the orthogonality of DMRS. Moreover, larger reuse factor of CSI-RS may also be needed in scenario 4 where Macro and RRHs shares the same cell ID and the coordinated points have to be identified by CSI-RS.

Proposal 7:
Downlink reference signal enhancements:
· Increase the orthogonality of DMRS for multi-user pairing;

· Association of scrambling sequences to DMRS and CSI-RS;

3.5 Other enhancements
The other enhancements are composed of the necessary aspects that complete the CoMP procedure, such as signalling and UCI container design. In order to save standard effort, reusing or extending the Rel-10 carrier aggregation and resource-restricted measurement signalling design may be considered.

It is noted that the E-PDCCH design has already been studied in DL MIMO SID so that it is unnecessary to repeat it in CoMP WID.

Proposal 8:

· Design higher layer and physical layer control signalling to support CoMP configurations and transmission;

· Design UCI of PUCCH and PUSCH to support CoMP feedback;

4 Conclusions
This contribution tries to give an overview of the Rel-11 CoMP SI. Firstly, the observations of the evaluations in phase 1 and 2 are proposed to summarize the benefits of CoMP for the network.

Proposal 1:

The TR should include the additional phase 1 observations as below

· MU-JT provides the most promising gains

· MU-JT naturally provides support for SU-JT, which is most beneficial when the traffic is low

· CS/CB offers noticeable but smaller gains 

· Larger coordination area would provide more CoMP gain, especially in cell edge 

Proposal 2: 
The TR should include the phase 2 observations as below
· CoMP can provide performance gain in heterogeneous networks

· CoMP is more effective than Rel-10 eICIC mechanism in heterogeneous networks
· MU-JP provides the most promising gains in both full buffer and non full buffer traffic
· Mixed JT and DPS is a good tradeoff of complexity and performance gain
· CoMP gain increases with the number of UEs in the network
· CS/CB offers noticeable but smaller gains 

Secondly, the system design principles and corresponding standard impacts are analyzed for a clear vision of how to realize the CoMP benefit in the specification. Those proposals are recommended to be captured in the CoMP TR.

Proposal 3 for CoMP Design principles:

· One CoMP transmission mode is defined. 

· One measurement set(s) configuration is used in the CoMP transmission mode.  

· Common feedback framework with hierarchical structure is defined for different schemes.
· Strive to reuse and extend the existing mechanisms to save standard effort.

Proposal 4:

· Two sets need to be configured to the UE via higher layer signalling, namely the CoMP measurement set and CoMP RRM measurement set;

· CoMP RRM measurements are based on CSI-RS.

Proposal 5:

The CoMP transmission mode would include all the CoMP transmission schemes.

· The transmission is based on CSI-RS measurement and DMRS demodulation; 

· Cross point scheduling needs to be investigated.

When mapping CoMP PDSCH to resource elements, solutions to the two cases needs to be identified:

· Different PDCCH control channel region size for multiple cells;

· Different CRS frequency shift for multiple cells;

Proposal 6:

Under the common feedback framework, individual per-point CSI with inter-point relative phase offsets is feedback by UE;

· 4 bits are needed to convey the inter-point relative phase/magnitude offset;

· Introduce CoMP CQI which reflects the CoMP transmission hypothesis.

Proposal 7: 

Downlink reference signal enhancements:

· Increase the orthogonality of DMRS for multi-user pairing;

· Association of the scrambling sequences to DMRS and CSI-RS;

Proposal 8:

· Design higher layer and physical layer control signalling to support CoMP configurations and transmission;

· Design UCI of PUCCH and PUSCH to support CoMP feedback;
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Appendix A. Evaluation of inter-point phase/amplitude accuracy

When the UE is configured with the CoMP measurement set, it reports the CSI information of different points, where per-point feedback is needed to reflect the channel condition between the UE and the corresponding point, and inter-point phase/magnitude feedback is required for coherent JT. We have analyzed the impact of inter-point phase/magnitude information accuracy on coherent JT performance, as in Figure 2 and 3.
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Figure 3. Cell average gain over JT without inter-cell property
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Figure 4. Cell edge gain over JT without inter-cell property

The simulations show that accurate inter-point phase information is important to obtain the benefit of coherent JT. Compared with JT without inter-cell phase/amplitude information, 4 bits feedback could offer as much as 15%~25% cell average and cell edge performance gain. Fewer than 4 bits would not provide the expected benefits. Thus 4 bits may be the appropriate size.
Table 2. System evaluation parameters

	Parameter
	Values used for evaluation

	Deployment scenarios
	1. Homogeneous network with intra-site CoMP

	Simulation case
	3GPP-Case1 with 15 degree spread 

	Number of UEs per cell
	10

	Duplex mode
	FDD 

	System bandwidth
	10 MHz 

	transmission schemes in DL
	MU-MIMO with JT-CoMP

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	2 or 4

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

2 Tx antennas

1.
1 column, cross-polarized: X

2.
2 columns, closely-spaced co-polarized: | |

4 Tx antennas

1.
2 columns, cross-polarized on each column, closely-spaced: X X

3.
4 columns, co-polarized, closely-spaced: | | | |

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

3D

	Feedback scheme
	Adaptive codebook, using short-term subband CSI (2 or 4 bits PMI) + long-term covariance matrix, for serving cell;

Long-term channel covariance matrix plus short-term codebook-based CSI with x bits per sub-band per neighbor cell; 

Long-term channel covariance matrix is obtained by channel reciprocity;
Inter cell phase/amplitude information: 1bit-BPSK, 2bits-QPSK,  3bits-8PSK, 4bits-16QAM, 5bit-32 QAM
4 bits subband CQI

	CSI feedback delay
	4ms

	CSI feedback period
	5 ms for short term;100 ms for long term

	Channel estimation
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	UE receiver
	MMSE option 1
Ideal channel estimation based on DM-RS 

	DL overhead assumption
	3 symbols for DL CCHs (2 symbols for DwPTS CCHs in TDD), 1 port CRS and 12 REs for DM-RS for both single-cell MU-MIMO and CoMP
2 or 4 port CSI-RS with 5ms period; 
4 port x 1+ 2 port muting with 5ms period for 2Tx CoMP (assuming that 2-port CSI-RS patterns of 3 coordinated cells can combine to form one 4-port CSI-RS patterns and one 2-port CSI-RS pattern), 4 port x 2 muting with 5ms period for 4Tx CoMP.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Criteria for CoMP
	RSRPserving_cell  – RSRPcoordinate_cell <20dB

	Scheduler
	Greedy + Proportional Fair

	Precoding Scheme 
	Zero Forcing

	Number of simultaneous UEs
	Adaptive, at most 2UEs/cell for 2Tx, 4UEs/cell for 4Tx

	Traffic model
	Full buffer 

	Backhaul assumptions
	Step 1: point-to-point fiber, zero latency and infinite capacity

	HARQ
	CC, Maximum 3 transmission 
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