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1 Introduction
Remaining issues on CSI-RS after RAN1 #62bis include [1]:
1) As for CSI-RS configuration

· Usage of CRS/CSI-RS in transmission mode-9 for CSI measurement. 

· It is FFS which DCI format (2C, 1 or 1A) is used in transmission mode 9 when the UE uses only 1 CSI-RS port for channel estimation for all CSI feedback modes and antenna port 7 for demodulation.

· Support of multiple of 4msec duty cycle considering the UL HARQ timing in HetNet operation for FDD.

· How to handle/avoid collision between CSI RS and BCH/PSS/SSS/Paging/SIB, etc considering both FDD and TDD.

· Whether to allow CSI-RS in almost-blank-subframe. 
2) As for CSI-RS muting

· One of two options [for subframe locations where muting can take place] should be decided at the next meeting

· Option 1: Muted REs cannot be located in subframes without CSI-RS.
· Option 2: Muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle.
· Whether muting can be configured in a cell without CSI-RS is FFS. 
3) As for CSI-RS scrambling sequence
This contribution gives our views on these CSI-RS remaining issues.
2 Views on remaining issues on CSI-RS configuration
2.1. Usage of CRS/CSI-RS in transmission mode-9 for CSI measurement
Because the supported number of CSI-RS ports in R10 can be {1,2,4,8}, which covers all possible number of CRS ports, it is not necessary to make UE measure the CSI information based on CRS when CSI-RS is configured in cell. In addition, because the quality of CSI measurement based on CRS could be different from the one based on CSI-RS, to let UE freely choose between CRS and CSI-RS for channel measurement without informing eNB may confuse eNB scheduler and result in a biased scheduling outcome, and may limit the eNB capability to reduce the CRS overhead by antenna virtualization. Also, we did not see any benefit in deliberately getting some UE’s in TM9 to measure NCSIRS CSI-RS ports while some others in TM9 to measure NCRS(
[image: image1.wmf]£

NCSIRS) CRS ports. 
Proposal 1: UE uses only CSI-RS in transmission mode-9 for CSI measurement when CSI-RS is configured. 
2.2. Support of DCI format in transmission mode 9 

DCI formats 1A and 2C are already agreed for TM-9. Because DCI format 2C in TM-9 also supports single port, it can be used in case of one CSI-RS port, as shown in Table-1.  
Table 1 The first choice on DCI format in transmission mode-9
	Mode 9
	DCI format 1A 
	Common and
UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity 

	
	DCI format 2C
	UE specific by C-RNTI
	If the number of CSI-RS port is one, rank-1 transmission on port 7 or 8; otherwise closed-loop spatial multiplexing 


Another choice that can reduce the signaling overhead is that, the DCI blind detection set for a UE in TM-9 includes DCI formats {1,1A} if number of CSI-RS port equals to 1, and includes DCI formats {1A, 2C} if the number of CSI-RS ports is more than 1, as shown in Table-2. Our preference is the first choice. 
Table 2 The second choice on DCI format in transmission mode-9
	Transmission mode-9
	CSI-RS port number equal to 1
	DCI format 1A
	Common and
UE specific by C-RNTI
	Single-antenna port, port 0 

	
	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 7

	
	CSI-RS port number more than 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	If the number of PBCH antenna ports is one, single antenna port on port 0, otherwise Transmit diversity

	
	
	DCI format 2C
	UE specific by C-RNTI
	[TM-9 transmission scheme ] 


Proposal 2: When the UE uses only 1 CSI-RS port for channel estimation for all CSI feedback modes and antenna port 7 for demodulation, DCI format 2C is used in transmission mode 9. Only DCI Format 1A and DCI Format 2C are supported in transmission mode 9 for any number of CSI-RS ports.  DCI Format 1A is a fallback mode for transmission mode 9 using TxD. 
2.3. CSI-RS duty cycle in HetNet operation for FDD
If the CSI-RS in low-power-node (LPN) has the duty cycle as multiple of 4ms, the following issues could arise:

· There could be two PDSCH muting cycles in macro cell: 4ms corresponding to CSI-RS in LPN and 5ms corresponding to CSI-RS in neighboring macro cell. However, so far RAN1 agrees upon only one CSI-RS muting configuration with only one muting cycle per cell. 

· There is no corresponding CQI feedback cycle for {4,8,16}ms.

· 4ms-based CSI-RS cycle makes it more complicated to avoid collision with signals that have the duty cycle as multiple of 5ms or 10ms. More restrictions may occur. 
On the other hand, if the CSI-RS in LPN has the duty cycle as multiple of 5ms, the macro cell needs to assign ABS that follows duty cycle as multiple of 4ms, as well as the PDSCH muting that follows duty cycle of multiple of 5ms. Even though this can increase the number of subframes where Rel 8/9 PDSCH is negatively impacted inside macro cell, such negative impact is limited. For example, assume ABS duty cycle is 4ms and muting cycle is 5ms, and one subframe where ABS and PDSCH muting are coincident is labeled index 0, then within the following 20 subframes, there are 12 subframes {1,2,3,6,7,9,11,13,14,17,18,19} containing neither ABS nor PDSCH muting. Among these 12 subframes and their repeating occurrences, downlink semi-persistent scheduling on R8 PDSCH is supported in 4 subframes with semiPersistSchedIntervalDL=10ms, and in other 4 subframes with semiPersistSchedIntervalDL=20ms. Therefore, these subframes are available to R8/9 PDSCH functionality without any impact from CSI-RS and ABS. 
Proposal 3-1: There is no need to support multiple of 4msec for CSI-RS duty cycle in HetNet operation for FDD. 

When macro cell implements ABS whose duty cycle is multiple of 4ms, it is inevitable for some of CSI-RS periodic occurrences in macro cell to fall into ABS subframes. If ABS prevent CSI-RS transmission, the inter-cell CSI-RS measurement configuration in future CoMP operation has to get ABS configuration involved, which would make the CoMP configuration signaling more complicated. In the current RAN1 study on ABS, it is already agreed that ABS allows PSS/SSS/PBCH/SIB1/Paging/PRS. Therefore keeping CSI-RS transmission in ABS is not a big issue. 
Proposal 3-2: CSI-RS is allowed in almost-blank-subframe.
2.4. Handling/avoiding collision between CSI-RS and BCH/PSS/SSS/ Paging/SIB
According to our previous analysis [4], even if CSI-RS, when transmitted in its entirety, avoids collision with any RE carrying PSS/SSS/PBCH, the CSI-RS reuse factor is still sufficient for normal operation. 

As for the collision between CSI-RS and paging/SIB-1, eNB should try its best to minimize the performance impact due to PDSCH puncturing. This can be done by either adjusting the CSI-RS configuration and the paging configuration to avoid the collisions, or assigning low MCS to paging/SIB-1 when the collision does occur. On the UE side, R10 UE can assume that no more operations than R8/9 UE are mandatory in reception of paging/SIB-1. Once the CSI-RS subframe is signaled by the single parameter that indicates both the duty cycle and subframe offset, there should be no other parameter to overrule this information, otherwise that additional parameter would be mandatory in multiple-cell CoMP operation and complicate the CoMP configuration.  
Proposal 4: Each configured CSI-RS reuse pattern is transmitted in its entirety. UE shall assume that the specific CSI-RS configuration is not allowed if any CSI-RS ports in that configuration collide with PSS/SSS/PBCH; UE can assume no more mandatory operations beyond R8/9 regarding to CSI-RS in reception of paging/SIB.
3 Views on CSI-RS muting

If the muted RE is restricted to locate in CSI-RS subframe only, the muting may not be able to perform if CSI-RS in two cells have the same duty cycle but different subframe offsets, which happens when the system-demanded CSI-RS reuse factor is larger than CSI-RS reuse factor per subframe. 
Proposal 5: Option-2 is adopted -- muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muting duty cycle.

For a cell without CSI-RS, its served UE may not be in transmission mode supporting inter-cell CSI-RS measurement. If this is the case, it seems not meaningful to mute PDSCH in serving cell. However, to simplify the muting configuration logic, the turn-on and turn-off of muting should be completely and solely controlled by muting configuration. In addition, sometimes the muting in cell-x does not mean to only help the UE in cell-x but also the UE in cell-y to measure CSI-RS in cell-z, even if no CSI-RS is configured in cell-x.   
Proposal 6: Muting configuration is independent from CSI-RS configuration. Muting can be configured in a cell without CSI-RS.
4 Views on CSI-RS scrambling sequence design
 We continue to hold the views as in [3] for CSI-RS scrambling sequence generation. 
Proposal 7: CSI-RS scrambling sequence should be defined per symbol basis. The pseudo-random sequence generator shall be initialized at the start of each OFDM symbol by 
[image: image2.wmf](

)

(

)

(

)

CP

cell

ID

cell

ID

s

10

init

2

1

2

1

1

7

2

N

N

N

l

n

c

+

×

+

+

×

×

+

+

+

×

×

=

 where 

[image: image3.wmf]î

í

ì

=

CP

 

extended

for 

0

CP

 

normal

for 

1

CP

N


5 Conclusions

Proposal 1: UE uses only CSI-RS in transmission mode-9 for CSI measurement when CSI-RS is configured. 

Proposal 2: When the UE uses only 1 CSI-RS port for channel estimation for all CSI feedback modes and antenna port 7 for demodulation, DCI format 2C is used in transmission mode 9. Only DCI Format 1A and DCI Format 2C are supported in transmission mode 9 for any number of CSI-RS ports.  DCI Format 1A is a fallback mode for transmission mode 9 using TxD.  
Proposal 3: There is no need to support multiple of 4msec for CSI-RS duty cycle in HetNet operation for FDD; CSI-RS is allowed in almost-blank-subframe.
Proposal 4: Each configured CSI-RS reuse pattern is transmitted in its entirety. UE shall assume that the specific CSI-RS configuration is not allowed if any CSI-RS ports in that configuration collide with PSS/SSS/PBCH; UE can assume no more mandatory operations beyond R8/9 regarding to CSI-RS in reception of paging/SIB.
Proposal 5: Option-2 is adopted -- muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muting duty cycle.
Proposal 6: Muting configuration is independent from CSI-RS configuration. Muting can be configured in a cell without CSI-RS.
Proposal 7: CSI-RS scrambling sequence should be defined per symbol basis. The pseudo-random sequence generator shall be initialized at the start of each OFDM symbol by 
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