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1
Introduction
The Rel-10 specifications introduced CSI-RS configurations intended to allow UEs to make channel measurements suitable for providing CQI/RI/PMI feedback in Transmission Mode 9. They also introduced zero-power CSI-RS patterns which specify REs in which a UE shall assume its serving cell will transmit nothing; their purpose in Rel-10 is to inform the UE that that the relevant PDSCH symbols are not present (i.e. PDSCH is punctured) in those REs, under the assumption that this would be required for CoMP (or possibly other features) in later releases. The use of such REs to make measurements of the CSI-RS of other cells, or measurements of interference is under discussion in RAN1.
This Tdoc considers the expected behavior of a Rel 10 UE operating with frame structure type 1 and certain zero-power CSI-RS configurations.
2
Discussion
Depending on the number of CSI-RS ports and cyclic prefix length configured, there are up to 32 CSI-RS configurations in TS 36.211 Tables 6.10.5.2-1 and 6.10.5.2-2. Some of these may be used in frame structures 1 and 2, and others in frame structure type 2 only. The zero-power CSI-RS patterns are chosen from among the 4-port CSI-RS configurations. The assumption is that the zero-power CSI-RS patterns are used to allow a UE to make measurements of CSI-RS from other cells, and so at least some of the zero-power patterns would be chosen to align with the other cells’ non-zero-power patterns. However, the specification provides no particular relationship between the zero- and non-zero-power configurations used by a given cell.
Zero-power CSI-RS patterns are configured by RRC using a 16-bit bitmap ZeroPowerCSI-RS. For each bit set to 1, the specifications state that a Rel 10 UE shall assume zero transmission power for the REs corresponding to a 4 CSI-RS port configuration such that the most significant bit of ZeroPowerCSI-RS corresponds to configuration 0, and less significant bits correspond to increasing configuration numbers in order.
2.1
Expected UE behavior operating in frame structure type 1
In current specifications, a cell could be operating in frame structure type 1 and configure a suitable non-zero-power CSI-RS pattern for CSI reporting in TM9. In the example of a cell configuring 4 CSI-RS ports and operating with normal cyclic prefix length, this would allow CSI-RS configurations 0 – 9. If such a cell also configures zero-power CSI-RS patterns, there appears to be no constraint in TS 36.211 or TS 36.331 that it may only set the bits of ZeroPowerCSI-RS which correspond to those 10 patterns, i.e. it may configure zero-power patterns corresponding not only to configurations 0 – 9 but also to configurations 20 – 25, even though this latter set does not match permitted non-zero-power CSI-RS patterns in frame structure type 1.
Such a use of configurations 20-25 may cause no problem for a UE which is only making CSI measurements using non-zero power CSI-RS patterns. However, a UE receiving PDSCH and expecting zero-power CSI-RS patterns to match the frame structure could make incorrect assumptions about REs corresponding to CSI-RS patterns defined for frame type 2. Possible UE behaviors in this situation with frame structure type 1 configured and any of CSI-RS configurations 20-25 are indicated as zero power could be as follows:-
· The UE assumes that such configurations are an error case, and has unspecified behavior, at least in subframes where they occur

· The UE does not receive PDSCH in subframes where they occur

· The UE attempts to receive PDSCH in such subframes but ignores any zero power CSI-RS patterns defined for frame structure 2

· The UE implements the non-zero CSI-RS configurations for frame structure type 2, even when frame structure type 1 is configured
The same situation could also occur in cells using any other number of non-zero-power CSI-RS ports, or extended cyclic prefix.
Since consistent UE behavior is desirable, the specification could be clarified.

Proposal 1: Clarify the expected UE behavior in a cell using frame structure type 1 but configuring some zero-power CSI-RS patterns corresponding to (non-zero-power) CSI-RS configurations defined for frame structure type 2.
We suggest that RAN 1 considers the following possible solutions:

1. Allow the UE to interpret all bits of ZeroPowerCSI-RS as currently stated in TS 36.211 irrespective of which frame structure type they refer to, and implement all the zero-power CSI-RS configurations
2. Allow the UE to ignore any bits set to ‘1’ in ZeroPowerCSI-RS which do not correspond to CSI-RS configurations permitted in the current frame structure type.

3. Restrict RRC to only set to ‘1’ the bits of ZeroPowerCSI-RS which correspond to CSI-RS configurations permitted in the current frame structure type.
4. Assume that this situation corresponds to an error condition and not specify any particular UE behavior

5. Include a statement in the specification (e.g. in TS 36.211) that the UE behavior is not specified in this situation (as a warning for implementers)
Option 1 would seem to provide the greatest flexibility for future CoMP operation by enabling all 16 zero-power CSI-RS patterns in both frame structure types. Options 2 and 3 are equivalent restrictions on which bits of ZeroPowerCSI-RS are useful – compared to option 1, both would represent a less flexible specification. Options 1 and other options such as 2 could be allowed as alternatives.
Option 4 requires no action, while Option 5 at least identifies the potential problem. 
2.1.1
Impact on existing UEs
Selecting options 1 or 2 would harmonize the behavior of UEs, but could imply changes to UE implementations, depending on what interpretation a given manufacturer currently has. Selecting option 3 would require no UE implementation changes and would also serve to make the assumptions of all existing UEs correct, regardless of what underlying assumptions the UE’s implementation makes. However, as noted above, it provides less flexibility to a network using CoMP.
A UE not implementing a specification change arising from one of these five options would see no impact on its performance in a given situation since none of the options changes the contents or transmission power of any RE.

3. 
Conclusions
We have discussed some issues related to CSI-RS configuration support for CoMP in current Rel-10 specifications. We identified the need to be clear about the expected behavior of a UE operating in frame structure type 1 but receiving a zero-power CSI-RS bitmap including CSI-RS configurations which are restricted to frame structure type 2. 
We therefore propose that RAN1 clarifies the UE behavior in a cell using frame structure type 1 but where the UE is configured with some zero-power CSI-RS patterns corresponding to (non-zero-power) CSI-RS configurations restricted to frame structure type 2. 

A selection should be made from among the following possible solutions:

1. Allow the UE to interpret all bits of ZeroPowerCSI-RS as currently stated in TS 36.211 irrespective of which frame structure type they refer to, and implement all the zero-power CSI-RS configurations

2. Allow the UE to ignore any bits set to ‘1’ in ZeroPowerCSI-RS which do not correspond to CSI-RS configurations permitted in the current frame structure type.

3. Restrict RRC to only set to ‘1’ the bits of ZeroPowerCSI-RS which correspond to CSI-RS configurations permitted in the current frame structure type.
4. Assume that this situation corresponds to an error condition and not specify any particular UE behavior

5. Include a statement in the specification (e.g. in TS 36.211) that the UE behavior is not specified in this situation (as a warning for implementers)
Even if no specification change is needed for Rel 10 UEs, at least some of the issues discussed here could be relevant for configuration of CSI-RS in Release 11.

Annex
Extracted from 3GPP TS 36.211 V10.4.0 (2011-12):

6.10.5.2
Mapping to resource elements

[…text skipped…]

Multiple CSI reference signal configurations can be used in a given cell,

-
zero or one configuration for which the UE shall assume non-zero transmission power for the CSI-RS, and

-
zero or more configurations for which the UE shall assume zero transmission power. 

For each bit set to one in the 16-bit bitmap ZeroPowerCSI-RS configured by higher layers, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers. The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the bitmap correspond to configurations with indices in increasing order.
[…text skipped…]
Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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	Frame structure type 1 and 2
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0

	
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1

	
	2
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1

	
	3
	(7,2)
	1
	(7,2)
	1
	(7,2)
	1

	
	4
	(9,5)
	1
	(9,5)
	1
	(9,5)
	1

	
	5
	(8,5)
	0
	(8,5)
	0
	
	

	
	6
	(10,2)
	1
	(10,2)
	1
	
	

	
	7
	(8,2)
	1
	(8,2)
	1
	
	

	
	8
	(6,2)
	1
	(6,2)
	1
	
	

	
	9
	(8,5)
	1
	(8,5)
	1
	
	

	
	10
	(3,5)
	0
	
	
	
	

	
	11
	(2,5)
	0
	
	
	
	

	
	12
	(5,2)
	1
	
	
	
	

	
	13
	(4,2)
	1
	
	
	
	

	
	14
	(3,2)
	1
	
	
	
	

	
	15
	(2,2)
	1
	
	
	
	

	
	16
	(1,2)
	1
	
	
	
	

	
	17
	(0,2)
	1
	
	
	
	

	
	18
	(3,5)
	1
	
	
	
	

	
	19
	(2,5)
	1
	
	
	
	

	Frame structure type 2 only
	20
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	21
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	22
	(7,1)
	1
	(7,1)
	1
	(7,1)
	1

	
	23
	(10,1)
	1
	(10,1)
	1
	
	

	
	24
	(8,1)
	1
	(8,1)
	1
	
	

	
	25
	(6,1)
	1
	(6,1)
	1
	
	

	
	26
	(5,1)
	1
	
	
	
	

	
	27
	(4,1)
	1
	
	
	
	

	
	28
	(3,1)
	1
	
	
	
	

	
	29
	(2,1)
	1
	
	
	
	

	
	30
	(1,1)
	1
	
	
	
	

	
	31
	(0,1)
	1
	
	
	
	


Table 6.10.5.2-2: Mapping from CSI reference signal configuration to 
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	Frame structure type 1 and 2
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0

	
	1
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0

	
	2
	(10,4)
	1
	(10,4)
	1
	(10,4)
	1

	
	3
	(9,4)
	1
	(9,4)
	1
	(9,4)
	1

	
	4
	(5,4)
	0
	(5,4)
	0
	
	

	
	5
	(3,4)
	0
	(3,4)
	0
	
	

	
	6
	(4,4)
	1
	(4,4)
	1
	
	

	
	7
	(3,4)
	1
	(3,4)
	1
	
	

	
	8
	(8,4)
	0
	
	
	
	

	
	9
	(6,4)
	0
	
	
	
	

	
	10
	(2,4)
	0
	
	
	
	

	
	11
	(0,4)
	0
	
	
	
	

	
	12
	(7,4)
	1
	
	
	
	

	
	13
	(6,4)
	1
	
	
	
	

	
	14
	(1,4)
	1
	
	
	
	

	
	15
	(0,4)
	1
	
	
	
	

	Frame structure type 2 only
	16
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	17
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1

	
	18
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	19
	(5,1)
	1
	(5,1)
	1
	
	

	
	20
	(4,1)
	1
	(4,1)
	1
	
	

	
	21
	(3,1)
	1
	(3,1)
	

1
	
	

	
	22
	(8,1)
	1
	
	
	
	

	
	23
	(7,1)
	1
	
	
	
	

	
	24
	(6,1)
	1
	
	
	
	

	
	25
	(2,1)
	1
	
	
	
	

	
	26
	(1,1)
	1
	
	
	
	

	
	27
	(0,1)
	1
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