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1 Introduction
The Rel-11 CoMP SI was officially kicked off in RAN#50 plenary meeting with a revised SID [1] and restarted in RAN1#63bis meeting. In this revised SID [1], four CoMP scenarios have been considered in RAN1 for Rel-11 CoMP. In particular, it is also agreed in RAN1#63bis that Scenario 4 should start to be discussed and evaluated in Phase 2 of SI. Therefore, a number of contributions [2]-[7] have been proposed by several companies to discuss the further details of scenarios, especially for Scenario 4, in Taipei meeting. This contribution makes a rough drawing of the design skeleton for CoMP Scenario 4.
2 Analysis of Design Considerations for Scenario 4

To properly support the CoMP function in Rel-11 LTE without significant negative impacts on the legacy UEs, some of the design considerations mainly focused on the PDCCH and PDSCH transmissions need to be discussed. In this contribution, we provide a simple analysis and a number of possible design aspects on the CoMP Scenario 4 for Rel-8/9/10/11 UEs including the CoMP category, PDCCH/PDSCH transmission framework and transmission scheme at the TP, associated type of subframe for PDCCH or PDSCH transmission and demodulation RS for PDCCH/PDSCH transmission, etc.

2.1 Rel-8/9 UEs (without CoMP functionality)
· PDCCH transmission based on CRS:
· Transmission framework: The same data/signal (i.e. the data after precoding) is distributed on and jointly transmitted from all the TPs, each of TPs has NCRS CRS antenna ports, and received at the same UE(s) via “soft combining” to obtain the SFN type of gain. The composite CSI from NCRS CRS ports regardless of the number of TPs is observed at UE(s).

· Demodulation RS: CRS
· Type of subframe for PDCCH transmission: PDCCH should be allocated in the subframes with CRS in control region, which can be regular subframe (the subframe other than ABS and MBSFN subframe) or MBSFN subframe but not:
· ABS: no control channel allocated in such a type of subframe

· ABS/MBSFN subframe: no control channel allocated in such a type of subframe
· Transmission scheme: For the multiple associated TPs with totally NCRS CRS ports, CRS based DL transmission schemes for Rel-8/9 PDCCH can be supported [8], [9]:
· Single antenna port

· TxD (SFBC with NCRS antenna ports)

· PDSCH transmission based on CRS: 
· Transmission framework: The same data/signal is distributed on and jointly transmitted from all the TPs, each of TPs has NCRS CRS antenna ports, and received at the same UE(s) via “soft combining” to obtain the SFN type of gain. The composite CSI from NCRS CRS ports regardless of the number of TPs is observed at UE(s).
· Demodulation RS: CRS
· Type of subframe for PDSCH transmission: PDSCH should be allocated in the subframes with CRS in data region, which can be regular subframe but not:
· MBSFN subframe: Rel-8/9 UEs cannot use this subframe for unicast data transmission

· ABS: Rel-8/9 UEs cannot identify such a type of subframe for data transmission

· ABS/MBSFN subframe: Rel-8/9 UEs cannot identify such a type of subframe for data transmission

· Transmission scheme: For the multiple associated TPs with totally NCRS CRS ports, all CRS based DL transmission modes for Rel-8/9 PDSCH can be supported [8] , [9]:
· TM1 (single antenna port)
· TM2 (TxD)
· TM3 (OL SU-MIMO)

· TM4 (CL SU-MIMO)

· TM5 (MU-MIMO)

· TM6 (CL SU-MIMO, rank = 1)
· PDSCH transmission based on UE-specific RS (no any further advantages can be obtained due to no support of spatial reuse (i.e. another type of MU-MIMO) in such a type of PDSCH transmission): 
· Transmission framework: The signal is only transmitted from the associated one TP with NUE-RS UE-specific RS antenna ports and received at the UE based on the Rel8/9 transmission framework.
· Demodulation RS: UE-specific RS
· Type of subframe for PDSCH transmission: PDSCH should be allocated in the subframes with CRS and UE-specific RS in data region leading to a high RS overhead, which can be regular subframe but not:
· MBSFN subframe: Rel-8/9 UEs cannot use this subframe for unicast data transmission

· ABS: Rel-8/9 UEs cannot identify such a type of subframe for data transmission

· ABS/MBSFN subframe: Rel-8/9 UEs cannot identify such a type of subframe for data transmission

· Transmission scheme: For the associated one TP, UE-specific RS based DL transmission modes for Rel-8/9 PDSCH can be supported [8] , [9]:
· TM7 (single-layer beamforming)

· TM8 (dual-layer beamforming)

2.2 Rel-10 UEs (without CoMP functionality)
· PDCCH transmission based on CRS:

· Transmission framework: The same data/signal is distributed on and jointly transmitted from all the TPs, each of TPs has NCRS CRS antenna ports, and received at the same UE(s) via “soft combining” to obtain the SFN type of gain. The composite CSI from NCRS CRS ports regardless of the number of TPs is observed at UE(s).
· Demodulation RS: CRS
· Type of subframe for PDCCH transmission: PDCCH should be allocated in the subframes with CRS in control region, which can be regular subframe or MBSFN subframe but not:
· ABS: no control channel allocated in such a type of subframe

· ABS/MBSFN subframe: no control channel allocated in such a type of subframe

· Transmission scheme: For the associated multiple TPs with totally NCRS CRS ports, CRS based DL transmission schemes for Rel-10 PDCCH can be supported [10]:
· Single antenna port

· TxD (SFBC with NCRS antenna ports)

· PDSCH transmission based on CRS: 
· Transmission framework: The same data/signal is distributed on and jointly transmitted from all the TPs, each of TPs has NCRS CRS antenna ports, and received at the same UE(s) via “soft combining” to obtain the SFN type of gain. The composite CSI from NCRS CRS ports regardless of the number of TPs is observed at UE(s).
· Demodulation RS: CRS
· Type of subframe for PDSCH transmission: PDSCH should be allocated in the subframes with CRS in data region, which can be regular subframe but not:
· MBSFN subframe: CRS is absent in the data region of this type of subframe
· ABS/MBSFN subframe: CRS is absent in the data region of this type of subframe

It is FFS whether the PDSCH can be allocated in ABS or not.
· Transmission scheme: For the associated multiple TPs with totally NCRS CRS ports, all CRS based DL transmission modes for Rel-10 PDSCH can be supported [10]:
· TM1 (single antenna port)

· TM2 (TxD)

· TM3 (OL SU-MIMO)

· TM4 (CL SU-MIMO)

· TM5 (MU-MIMO)

· TM6 (CL SU-MIMO, rank = 1)
· PDSCH transmission based on UE-specific RS:

· Transmission framework: The different data/signals are individual transmitted from the different TPs on the same resource elements, each of which can have different number of UE-specific RS antenna ports, and received at the different UEs via “spatial reuse (another type of MU-MIMO)” to obtain the area splitting gain if the pair of TPs applying the spatial reuse as well as their corresponding served UEs are sufficiently well-isolated from each other.
· Demodulation RS: UE-specific RS
· Type of subframe for PDSCH transmission: PDSCH should be allocated in the subframes with UE-specific RS in data region, which can be regular subframe (with a high RS overhead) and MBSFN subframe, but it is FFS whether the PDSCH can be allocated in ABS and ABS/MBSFN subframe or not.
· Transmission scheme: For the associated one TP, UE-specific RS based DL transmission modes for Rel-10 PDSCH such as TM9 (multi-layer transmission) can be supported [10].
2.3 Rel-11 UEs (with CoMP functionality)
· PDCCH transmission based on CRS:

· Transmission framework: The same data/signal is distributed on and jointly transmitted from all the TPs, each of TPs has NCRS CRS antenna ports, and received at the same UE(s) via “soft combining” to obtain the SFN type of gain. The composite CSI from NCRS CRS ports regardless of the number of TPs is observed at UE(s).
· Demodulation RS: CRS
· Type of subframe for PDCCH transmission: PDCCH should be allocated in the subframes with CRS in control region, which can be regular subframe or MBSFN subframe but not:
· ABS: no control channel allocated in such a type of subframe

· ABS/MBSFN subframe: no control channel allocated in such a type of subframe

· Transmission scheme: For the associated multiple TPs with totally NCRS CRS ports, CRS based DL transmission schemes as for Rel-10 PDCCH can be supported [10]:

· Single antenna port

· TxD (SFBC with NCRS antenna ports)

· PDSCH transmission based on CRS:

· Transmission framework: The same data/signal is distributed on and jointly transmitted from all the TPs, each of TPs has NCRS CRS antenna ports, and received at the same UE(s) via “soft combining” to obtain the SFN type of gain. The composite CSI from NCRS CRS ports regardless of the number of TPs is observed at UE(s).
· Demodulation RS: CRS
· Type of subframe for PDSCH transmission: PDSCH should be allocated in the subframes with CRS in data region, which can be regular subframe but not:

· MBSFN subframe: CRS is absent in the data region of this type of subframe

· ABS/MBSFN subframe: CRS is absent in the data region of this type of subframe

It is FFS whether the PDSCH can be allocated in ABS or not.

· Transmission scheme: For the associated multiple TPs with totally NCRS CRS ports, all CRS based DL transmission modes for Rel-10 PDSCH can be supported [10]:
· TM1 (single antenna port)

· TM2 (TxD)

· TM3 (OL SU-MIMO)

· TM4 (CL SU-MIMO)

· TM5 (MU-MIMO)

· TM6 (CL SU-MIMO, rank = 1)
· PDCCH transmission based on UE-specific RS: Called the X-PDCCH as defined in [3].
In case of “OL JP-CoMP” of X-PDCCH

· Transmission framework: The same data but different signal is distributed on and jointly transmitted from the associated multiple TPs of CoMP set, each of which can have different number of UE-specific antenna ports, and received at the same UE(s) via “OL JT-CoMP” (channel-dependent DCS-CoMP is a CL based CoMP and thus not suitable) to obtain the soft combining gain and/or interference coordination gain.
· Demodulation RS: It is preferred to reuse Rel-10 UE-specific RS because common precoding matrix and channel estimation may be reused for X-PDCCH as well as PDSCH.
· Type of subframe for X-PDCCH transmission: X-PDCCH can be allocated in the data region of all types of subframes (but MBSFN and ABS/MBSFN subframes are preferred based on the analysis in [12]).

· Transmission scheme: UE-specific RS based DL OL transmission schemes are suitable for use at the associated multiple TPs of CoMP set:

· Joint OL precoding at the associated multiple TPs of CoMP set: new precoding codebooks with more than 8 antenna ports need to be further designed.

In case of “CL JP-CoMP” of X-PDCCH

· Transmission framework:
· JT-CoMP: The same data but different signal is distributed on and jointly transmitted from the associated multiple TPs of CoMP set, each of which can have different number of UE-specific antenna ports, and received at the same UE(s) via “JT-CoMP” to obtain the soft combining gain and/or interference coordination gain.

· DCS-CoMP: The same data but different signal is distributed on associated multiple TPs of CoMP set but only transmitted from one of TPs, each of which have NUE-RS UE-specific RS antenna ports and received at the same UE(s) via “DCS-CoMP” to obtain the interference coordination gain.

· Demodulation RS: It is preferred to reuse Rel-10 UE-specific RS because common precoding matrix and channel estimation may be reused for X-PDCCH as well as PDSCH.

· Type of subframe for X-PDCCH transmission: X-PDCCH can be allocated in the data region of all types of subframes (but MBSFN and ABS/MBSFN subframes are preferred based on the analysis in [12]).

· Transmission scheme: UE-specific RS based DL CL transmission schemes are suitable for use at the associated multiple TPs of CoMP set:

· JT-CoMP: UE-specific RS based DL CL transmission schemes are suitable for use at the associated multiple TPs of CoMP set:
· Disjoint CL precoding at the associated multiple TPs of CoMP set: Reuse Rel-10 TM9 at each of the multiple TPs of CoMP set.

· Concatenating CL precoding at the associated multiple TPs of CoMP set: Reuse Rel-10 TM9 at each of the multiple TPs of CoMP set with an additional codebook based phase adjustment for coherent combining.

· Joint CL precoding at the associated multiple TPs of CoMP set: New precoding codebooks with more than 8 antenna ports need to be further designed.
· DCS-CoMP: UE-specific RS based DL CL transmission schemes are suitable for use at the associated one TP of CoMP set:
· CL precoding at the associated one TP of CoMP set: Reuse Rel-10 TM9.

In case of “CS/CB-CoMP” of X-PDCCH

· Transmission framework: The different data/signal is transmitted from each of the multiple TPs of CoMP set and received at the different UE(s) via “CS/CB-CoMP” to obtain the interference coordination gain.
· Demodulation RS: It is preferred to reuse Rel-10 UE-specific RS because common precoding matrix and channel estimation may be reused for X-PDCCH as well as PDSCH.

· Type of subframe for X-PDCCH transmission: X-PDCCH can be allocated in the data region of all types of subframes (but MBSFN and ABS/MBSFN subframes are preferred based on the analysis in [12]).

· Transmission scheme: UE-specific RS based DL CL transmission schemes are suitable for use at the associated one TP of CoMP set. Reuse Rel-10 TM9 at each of the multiple TPs of CoMP set based on the restricted/recommended set of PMIs to maximize the transmission power of serving TP while minimizing the interference from neighbouring TPs of CoMP set.
In case of “spatial reuse” of X-PDCCH
· Transmission framework: The different data/signals are individual transmitted from the different TPs on the same resource elements, each of which can have different number of UE-specific RS antenna ports, and received at the different UEs via “spatial reuse (another type of MU-MIMO)” to obtain the area splitting gain if the pair of TPs applying the spatial reuse as well as their corresponding served UEs are sufficiently well-isolated from each other.
· Demodulation RS: It is preferred to reuse Rel-10 UE-specific RS because common precoding matrix and channel estimation may be reused for X-PDCCH as well as PDSCH.
· Type of subframe for X-PDCCH transmission: X-PDCCH can be allocated in the data region of all types of subframes (but MBSFN and ABS/MBSFN subframes are preferred based on the analysis in [12]).

· Transmission scheme: For the associated one TP, UE-specific RS based DL transmission modes for Rel-10 PDSCH such as TM9 (multi-layer transmission) can be supported [10].
· PDSCH transmission based on UE-specific RS:

For the PDSCH based on the UE-specific RS, all the same design aspects in the UE-specific PDCCH can be considered.
3 Conclusion

In this contribution, a simple analysis and a number of possible design aspects on the CoMP Scenario 4 including the CoMP category, PDCCH/PDSCH transmission framework and transmission scheme at the TP, associated type of subframe for PDCCH/PDSCH transmission and demodulation RS for PDCCH/PDSCH transmission, etc. as summarized in the following table are provide to properly support the CoMP function in Rel-11 LTE without significant negative impacts on the legacy UEs.
	
	PDCCH or PDSCH tx
	Tx framework
	Type of SF for transmission
	Tx scheme at TP
	Demodulation RS

	Rel-8/9

UEs
	PDCCH
	Soft combining
	Regular SF
	· Single antenna port

· TxD (SFBC)
	CRS

	
	PDSCH
	Soft combining
	
	TM1 ~ TM6
	CRS

	
	
	Rel-8/9 tx framework
	
	TM7, TM8
	UE-RS

	Rel-10

UEs
	PDCCH
	Soft combining
	Regular SF
	· Single antenna port

· TxD (SFBC)
	CRS

	
	PDSCH
	Soft combining
	Regular SF
	TM1 ~ TM6
	CRS

	
	
	Spatial reuse
	· Regular SF

· MBSFN SF
	TM9
	UE-RS

	Rel-11

UEs
	PDCCH
	Soft combining
	· Regular SF

· MBSFN SF
	· Single antenna port

· TxD (SFBC)
	CRS

	
	X-PDCCH
	OL JP-CoMP
	All types of SFs
	Joint OL precoding
	UE-RS

	
	
	CL JP-CoMP:

· JT-CoMP
· DCS-CoMP
	
	JT-CoMP:

· Disjoint CL precoding (TM9)
· Concatenating CL precoding (TM9 w/ additional codebook based phase adjustment)
· Joint CL precoding

DCS-CoMP:

· Separate CL precoding (TM9)
	

	
	
	CS/CB-CoMP
	
	TM9 with restricted/recommended PMIs
	

	
	
	Spatial reuse
	
	TM9
	

	
	PDSCH
	Soft combining
	Regular SF
	TM1 ~ TM6
	CRS

	
	
	OL JP-CoMP
	All types of SFs
	Joint OL precoding
	UE-RS

	
	
	CL JP-CoMP:

· JT-CoMP

· DCS-CoMP
	
	JT-CoMP:

· Disjoint CL precoding (TM9)
· Concatenating CL precoding (TM9 w/ additional codebook based phase adjustment)
· Joint CL precoding

DCS-CoMP:

· Separate CL precoding (TM9)
	

	
	
	CS/CB-CoMP
	
	TM9 with restricted/recommended PMIs
	

	
	
	Spatial reuse
	
	TM9
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