3GPP TSG RAN WG1 Meeting #70bis                 R1-124290
San Diego, California, 8th – 12th October 2012
Agenda Item:
　7.4.2
Source:         NEC Group

Title:
Maximum number of CSI processes
Document for:
Discussion/Decision

1. Introduction
In RAN1#70 meeting, the following working assumption on CSI feedback for DL CoMP was agreed

Working assumption 

· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc
· Indexing scheme for CSI processes:

· Indexing is defined within a given CC

Agreements:

· Definition: A CSI process is a combination of a NZP CSI-RS resource and an IMR. A given CSI process can be used by periodic and/or aperiodic reporting. 
A NZP CSI-RS resource for a CSI process is used for signal power and channel part, and an IMR for a CSI process is used for interference power measurement. In RAN1#70 meeting, we also discussed the maximum number of CSI processes to be supported in one CC. The companies’ views are summarized as follows:
· In single carrier operation, configuration of at most X CSI Processes is supported

· Alt1 X=3,
· Renesas, Mediatek, ALU, ASB, Nokia, NSN, QC, LGE, TI, MotM, Samsung, Panasonic, 

· Alt2 X=4
· E///, ST-E, NPC, HW, HiSi, Intel, ZTE, Docomo (4 too small), Fujitsu, NEC
Based on the above agreements and discussion, we state our views on the maximum number of CSI processes in a given CC and the maximum number of CSI processes over all configured CCs.
2 Maximum number of CSI processes per CC
Each CSI process is associated with one NZP-CSI-RS and one IMR. In the following, we discuss the configuration of CSI processes in cases of 2-point CoMP measurement set and 3-point CoMP measurement set, respectively.

1) In case of 2-piont CoMP measurement set

We assume that a 2-piont CoMP measurement set consists of TP0 and TP1, where TP0 is the UE candidate UE’s serving point. Table 2 lists up the possible CSI processes for various CoMP hypotheses. For IMR, ‘Off’ means to mute off the transmit power of the TP; while, ‘On’ means not to mute off the transmit power.
Table 2: CSI processes for 2-point CoMP measurement set

	CSI process Index
	NZP-CSI-RS
	IMR

	
	
	TP0
	TP1

	#0
	TP0
	Off
	On

	#1
	TP1
	On
	Off

	#2
	TP0
	Off
	Off

	#3
	TP1
	
	


The above CSI processes can be directly used for different CoMP schemes.
· Non-CoMP: {#0}

For non-CoMP transmission, a CSI process is configured as a fallback feedback.

· DPS/nDB: {#1}
For DPS without dynamic blanking (DPS/nDB), data is dynamically transmitted from different TP but not blanking is used to mute off the interference.
· DPS/DB, JT: {#2, #3}
For DPS with dynamic blanking (DPS/DB), data is dynamically transmitted from different TP and blanking is used to mute off the interference from the neighbour cell. Such per-cell CSI processes can also be used for JT CoMP.
For different traffic situation, the corresponding CSI processes for different CoMP schemes may be configured and dynamically triggered by aperiodic feedback [1].

Proposal:
· In case of 2-point CoMP measurement set, at most X=4 CSI processes per CC are required and 2 CSI processes are configured for each TP assuming non-muted and muted interference within CoMP measurement set, respectively. 
2) In case of 3-piont CoMP measurement set

In case of 3-piont CoMP measurement set, we assume that a CoMP measurement set consists of TP0, TP1 and TP2, where TP0 is the UE candidate UE’s serving point with largest RSRP and the RSRP of TP1 is larger than that of TP2. As shown in Table 3, we need altogether 12 CSI processes to cover all the possible combinations of CoMP hypothesise.
Table 3: Possible CSI processes for 3-point CoMP measurement set
	NZP-CSI-RS
	IMR

	
	TP0
	TP1
	TP2

	TP0
	Off
	On
	On

	TP1
	On
	Off
	On

	TP2
	On
	On
	Off

	TP0
	Off
	Off
	Off

	TP1
	
	
	

	TP2
	
	
	

	TP0
	Off
	Off
	On

	TP1
	
	
	

	TP0
	Off
	On
	Off

	TP2
	
	
	

	TP1
	On
	Off
	Off

	TP2
	
	
	


Not all the 12 CSI processes can be configured. We need to specify a maximum number of CSI processes and choose the prioritized at most X CSI processes for CSI reporting to reduce the system/UE complexity and feedback overhead without too much performance degradation. There are mainly two alternatives considered as [2]-[7]. 

Alt1: X=3 and one CSI process with non-muted interference is selected for each point in CoMP measurement.

The CSI processes of Alt1 can be directly used for 2-point or 3-point DPS/nDB, where the CSI process for serving cell is the CSI for non-CoMP transmission. However, the CSI processes for DPS/DB and JT are not available. The eNB estimation based on the CSI processes without muting may be not accurate enough due to the strong interferences within CoMP measurement set. 

Table 3-1: CSI processes for 3-point CoMP measurement set
	CSI process Index (Alt1)
	CSI process
	NZP-CSI-RS
	IMR

	
	
	
	TP0
	TP1
	TP2

	#0
	CSI0
	TP0
	Off
	On
	On

	#1
	CSI1
	TP1
	On
	Off
	On

	#2
	CSI2
	TP2
	On
	On
	Off


Alt2: X=4, including a CSI process for non-CoMP transmission and other 3 CSI processes with muted interference within CoMP measurement set for each point.
   In case of Alt2, the CSI processes with muted interferences are configured. For serving cell, we need at least two CSI processes with non-muted interference and muted interference respectively. One example is to configure the CSI processes assuming no interference within CoMP measurement set as given in Table 3-2.

Table 3-2: CSI processes for 3-point CoMP measurement set
	CSI process Index (Alt 2)
	NZP-CSI-RS
	IMR

	
	
	TP0
	TP1
	TP2

	#0
	TP0
	Off
	On
	On

	#1
	TP0
	Off
	Off
	Off

	#2
	TP1
	
	
	

	#3
	TP2
	
	
	


Compared with Alt1, Alt2 has better accuracy of CSI reporting. The CSI processes of Table 3-2 can be used directly for non-CoMP, 3-point DPS/DB, 3-point JT. However, the SINR for 2-point DPS/DB or 2-point JT has to be estimated at eNB by implementation based on the limited feedback of CSI processes. Compared with 3-point coordination, 2-point coordination has higher possibility to be scheduled to achieve most CoMP gain. Therefore, the 2-point coordination should be prioritized for overhead reduction with marginal performance loss [8]. Among the 2-point CoMP, the coordination between {point 0, 1} has highest possibility due to the RSRP of TP1 is higher than that of TP2. Therefore, the CSI processes {#1, #2} in Table 3-2 are replaced by those in Table 3-2’, which can be directly used for DPS/DB or JT between {point 0, 1}. The configuration of #3 CSI process is kept same for TP2. By using the #1,#2,#3 CSI processes in Table 3-2’, it’s easy for eNB to estimate the CSI processes in Table 3-2 for 3-point DPS/DB and JT. 
In a similar way, the CSI processes for other CoMP hypotheses can be estimated at the eNB scheduler. For simple configuration and overhead reduction, the number of CSI processes is limited at the price of performance degradation due to the eNB estimation error. The employment of OLLA is necessary to reduce the performance degradation as much as possible. Compared with Alt3-2, we prefer to configure the 4 CSI processes as given in Table 3-2’ from the perspective of more accurate CSI reporting for prioritized CoMP schemes.
Table 3-2’: CSI processes for 3-point CoMP measurement set
	CSI process Index (Alt 2)
	NZP-CSI-RS
	IMR

	
	
	TP0
	TP1
	TP2

	#0
	TP0
	Off
	On
	On

	#1
	TP0
	Off
	Off
	On

	#2
	TP1
	
	
	

	#3
	TP2
	Off
	Off
	Off


Proposal:
· In case of 3-point CoMP measurement set, at most X=4 CSI processes per CC are needed, including a CSI process for non-CoMP transmission and other 3 CSI processes for 3 points respectively assuming specific muted interference within CoMP measurement set. 
2.2 Maximum CSI processes over all configured CCs
In RAN1#70 meeting, a consensus has been achieved for the employment of simultaneous CoMP and CA. However, we should strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc. Considering the complexity in combination with CA operation, it is reasonable to additionally set an overall limit to the number of CSI processes that can be configured for a UE in Scenario 4 CoMP and CA with multiple CCs. Aligning with the total maximum number of 5 CSI per CC for a Rel.10 UE, we agree to support maximum 5 CSI processes even in case of CoMP and CA to keep the same maximum UE complexity [7]. 
Considering the feedback overhead and collision problem, it is impractical to apply CoMP at every CCs or several CCs. We think the scenario of applying CoMP at one of configured CCs should be considered as the starting point. For example, there are 2 configured CCs for CA, where CoMP is applied on primary CC with max. 4 CSI processes configured and only 1 CSI process is configured for secondary CC assuming non-CoMP transmission [8]. 
To be mentioned is that the employment of CoMP on more than 1 CCs is not precluded. For example, there are 2 configured CCs for CA, where CoMP is applied on primary CC with max. 3 CSI processes configured and CoMP can also be applied on secondary CC with max. 2 CSI processes configured.
Proposal:
· In case of CoMP and CA, max 5 CSI processes on all configured CCs and at most X=4 CSI processes in one CC.

3. Conclusion

Proposal:
· Max 5 CSI processes on all configured CCs and at most X=4 CSI processes in one CC.

· In case of 2-point CoMP measurement set, max X=4 CSI processes per CC include 2 CSI processes for each TP configured assuming non-muted and muted interference within CoMP measurement set, respectively. 
· In case of 3-point CoMP measurement set, max X=4 CSI processes per CC include a CSI process for non-CoMP transmission and other 3 CSI processes for 3 points respectively assuming specific muted interference within CoMP measurement set.
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