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1 Introduction
The intra-cell CSI-RS patterns have been agreed at the RAN1 #61bis meeting [1, 2]. The patterns have a nested structure, where the pattern with a smaller number of CSI-RS ports is a subset of the pattern with a larger number of CSI-RS ports. The list of parameters to be signalled by higher-layers was agreed at the RAN1 #62 meeting [3, 4], with baseline values as shown below.

· Following parameters for CSI-RS are explicitly signaled via higher layer
· Number of CSI-RS ports

· CSI-RS Configuration (intra-subframe location index)
· Subframe offset and duty cycle
· Additionally, at least one parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, 
· Values in the table below are agreed as baseline

· To be confirmed at RAN1#62bis meeting
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It was also agreed at the RAN1 #62 meeting [3, 4] that  

· CSI-RS of 2 and 4 ports are also supported in addition to 8 ports in Rel-10
· Support of 1 CSI-RS port is FFS:
· Benefits compared with CRS
· Potential use cases, e.g., HetNets
· Benefits from Rel-10 feedback modes
· Independent configuration of Rel-8 CRS and Rel-10 CSI-RS ports
· There will be a Rel-10 CSI feedback mode that uses only CSI RS for channel estimation.
· This does not preclude that all Rel-10 CSI feedback modes use only CSI RS for channel estimation.
The remaining specification work related to CSI-RS is listed below:

· The enumeration of the CSI-RS configurations
· Support of duty cycle of 15 ms and multiples of 4 ms
· Whether subframes 0 and 5 are avoided in TDD and FDD

· Location of the signalling message

· Details on the parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback
· Support for additional Rel-10 transmission modes (in addition to TM9), which could use CRS instead of CSI-RS

· Support of 1 CSI-RS port
· Support for PDSCH muting

Muting is discussed in a companion contribution [8]. This contribution discusses the remaining signaling aspects of CSI-RS and the usage of CSI-RS in Rel-10. 

2 Signalling aspects of CSI-RS
All Rel-10 UEs in a cell should be informed about the number of CSI-RS ports, the CSI-RS pattern used in the serving cell (i.e. the intra-subframe location), the subframes where the CSI-RS are located (i.e. the subframe offset and duty cycle), and the CSI-RS EPRE. 

2.1 Enumeration of the CSI-RS configurations
The CSI-RS patterns, or CSI-RS configurations, need to be enumerated so that they can be signalled with 5 bits. The enumeration of the 8-port patterns is shown in Figure 1, where the patterns that apply to FS1 and FS2 are enumerated first, and the patterns that apply to FS2 only are enumerated next.

Two and four port patterns can be efficiently enumerated using the nested structure of the CSI-RS based on the enumeration of the 8-port patterns. The two nested CSI-RS configurations for N ports with indices J and J+64/N are nested in the CSI-RS configuration for 2N ports with index J. Equivalently, the CSI-RS configuration for N ports can be obtained as K modulo 64/N, where K is any of the nested CSI-RS configurations for 2 ports. Additionally, port 0 of the CSI-RS configuration with index J is mapped a larger subcarrier index than port 0 of the CSI-RS configuration with index J+64/N.

Enumeration of the 4-port and 2-port patterns is shown in Figures 2 and 3, respectively. The final enumeration is captured in Tables 1 and 2 for normal and extended cyclic prefix, respectively. 

Figure 1 – Enumeration CSI-RS configurations for 8 CSI-RS ports

[image: image2.wmf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0

1

2

3

4

5

6

7

8

9

10

11

5

5

5

5

6

6

6

6

7

7

7

7

5

5

5

5

6

6

6

6

7

7

7

7

4

0

1

2

3

3

4

5

6

2

3

2

3

2

3

2

1

4

5

6

4

6

5

4

5

6

Extended CP

0

1

0

0

0

1

1

Normal CP

Normal CP

0

1

2

3

4


Figure 2 - Enumeration CSI-RS configurations for 4 CSI-RS ports
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Figure 3 - Enumeration CSI-RS configurations for 2 CSI-RS ports
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Table 1: Mapping from CSI-RS configuration to (k’,l’) for normal cyclic prefix. 

	
	CSI-RS Configuration
	Number of CSI reference signals configured
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	4
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	FS 1 and 2
	0
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1

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

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

	
	3
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0

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

	FS2 only
	5
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	6
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

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

	FS 1 and 2
	8
	(10,2)
	1
	(10,2)
	1
	
	

	
	9
	(8,2)
	1
	(8,2)
	1
	
	

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

	
	11
	(8,5)
	0
	(8,5)
	0
	
	

	
	12
	(8,5)
	1
	(8,5)
	1
	
	

	FS2 only
	13
	(10,1)
	1
	(10,1)
	1
	
	

	
	14
	(8,1)
	1
	(8,1)
	1
	
	

	
	15
	(6,1)
	1
	(6,1)
	1
	
	

	FS 1 and 2
	16
	(5,2)
	1
	
	
	
	

	
	17
	(3,2)
	1
	
	
	
	

	
	18
	(1,2)
	1
	
	
	
	

	
	19
	(3,5)
	0
	
	
	
	

	
	20
	(3,5)
	1
	
	
	
	

	FS2 only
	21
	(5,1)
	1
	
	
	
	

	
	22
	(3,1)
	1
	
	
	
	

	
	23
	(1,1)
	1
	
	
	
	

	FS 1 and 2
	24
	(4,2)
	1
	
	
	
	

	
	25
	(2,2)
	1
	
	
	
	

	
	26
	(0,2)
	1
	
	
	
	

	
	27
	(2,5)
	0
	
	
	
	

	
	28
	(2,5)
	1
	
	
	
	

	FS2 only
	29
	(4,1)
	1
	
	
	
	

	
	30
	(2,1)
	1
	
	
	
	

	
	31
	(0,1)
	1
	
	
	
	


Table 2: Mapping from CSI-RS configuration to (k’,l’) for extended cyclic prefix.

	
	CSI-RS Configuration
	Number of CSI reference signals configured

	
	
	2
	4
	8
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	FS 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

	FS2 only
	4
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	5
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1

	
	6
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	
	
	
	
	
	
	

	FS 1 and 2
	8
	(5,4)
	0
	(5,4)
	0
	
	

	
	9
	(3,4)
	0
	(3,4)
	0
	
	

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

	
	11
	(3,4)
	1
	(3,4)
	1
	
	

	FS2 only
	12
	(5,1)
	1
	(5,1)
	1
	
	

	
	13
	(4,1)
	1
	(4,1)
	1
	
	

	
	14
	(3,1)
	1
	(3,1)
	1
	
	

	
	
	
	
	
	
	
	

	FS 1 and 2
	16
	(8,4)
	0
	
	
	
	

	
	17
	(6,4)
	0
	
	
	
	

	
	18
	(7,4)
	1
	
	
	
	

	
	19
	(6,4)
	1
	
	
	
	

	FS2 only
	20
	(8,1)
	1
	
	
	
	

	
	21
	(7,1)
	1
	
	
	
	

	
	22
	(6,1)
	1
	
	
	
	

	
	
	
	
	
	
	
	

	FS 1 and 2
	24
	(2,4)
	0
	
	
	
	

	
	25
	(0,4)
	0
	
	
	
	

	
	26
	(1,4)
	1
	
	
	
	

	
	27
	(0,4)
	1
	
	
	
	

	FS2 only
	28
	(2,1)
	1
	
	
	
	

	
	29
	(1,1)
	1
	
	
	
	

	
	30
	(0,1)
	1
	
	
	
	


Proposal 1: Adopt the enumeration of the CSI-RS configurations given in tables 1 and 2.
2.2 Signalling of the CSI-RS subframe offset and duty cycle
The location of the CSI-RS is informed to all Rel-10 UEs by a subframe offset and a duty cycle, which are jointly encoded.  It is FFS whether subframes 0 and 5 should be avoided in TDD and FDD. The broadcast information that should be considered when scheduling the CSI-RS is detailed in Table 3.

Table 3: Broadcast information to be avoided by CSI-RS 

	
	FDD
	TDD

	SCH
	Symbols 5/6 in subframes 0/5 per 10ms
	

	PSCH
	
	OFDM symbol 3 in subframes 1/6 (special subframes) per 10ms

	SSCH
	
	OFDM symbol 13 in subframes 0/5 per 10ms

	PBCH
	OFDM symbols 7/8/9/10 in subframe 0 per 10ms
	OFDM symbols 7/8/9/10 in the subframe 0 per 10ms

	DBCH SIB1
	data region in subframe 5 per 20ms
	data region in subframe 5 per 20ms

	DBCH SIBx
	Any subframe, depending on scheduling
	Any subframe, depending on scheduling

	Paging
	Data region in subframe 9, 4/9, 0/4/5/9 per 10ms
	Data region in subframe 0, 0/5, 0/1/5/6 per 10ms

	RACH response
	Any subframe
	


Overall, subframe 5 with a 20ms duty cycle needs to be avoided (SIB1), since it is the only case where any CSI-RS pattern would collide with the broadcast information if there is no other subframe available for scheduling the CSI-RS. The specific configurations to be avoided are: 

· Subframe 0 when duty cycle is 5ms

· Subframe 5 when duty cycle is 10ms

· Subframe 5 when duty cycle is 20ms

· Subframes 5/25 when duty cycle is 40ms

· Subframes 5/25/45/65 when duty cycle is 80ms

This implies that in TDD configuration 0, the CSI-RS duty cycle should be at least 10ms. Subframe 0 would better to be avoided by scheduling but doesn’t need to be restricted by specifications, since in FDD patterns in OFDM symbols 12/13 can be used, and in TDD patterns in OFDM symbols 5/6 can be used.

Note that no matter how many paging subframes are configured, each UE needs to monitor one of the subframes according to its identity, so any paging subframe is potentially monitored by a number of UEs. Thus it would also be preferable to avoid all configured paging subframes, although the eNodeB can mitigate the impact of puncturing by reducing the spectral efficiency of the transport block used for paging.

Proposal 2: Adopt the values for the subframe offset and duty cycle of the CSI-RS in Table 4.

Table 4: Encoding of subframe offset and duty cycle of CSI-RS 
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2.3 Initialization of CSI-RS sequence

The CSI-RS sequence may be defined in a similar manner as the CRS sequence, with the exception that its length should be half that of the CRS sequence.

The reference-signal sequence 
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where 
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 is the slot number within a radio frame and l is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in Section 7.2. in TR36.211 [5]. The pseudo-random sequence generator shall be initialised with 
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2.4 Location and transmission of the signalling message
The signalling message related to CSI-RS is cell-specific information and common to all the Rel-10 UEs in the cell, hence it shall be broadcast system information. The broadcast system information could be located in either the MIB, or SIB2 for Rel-10 UE (radio resource configuration information) or in a new SIB. The MIB only has a limited number of available bits (10) thus it is not preferred to use the MIB. Introducing a new SIB for the purpose of CSI-RS pattern signalling requires a bigger standardization effort. Thus it is recommended that the signalling message (including number of CSI-RS ports, CSI-RS pattern, sub-frame offset and duty cycle, etc) is located in SIB2. 
Since the signalling message is broadcasted system information and belongs to SIB2, the transmission of the signalling message can be the same as in Rel-8/9, i.e. SIB2 is mapped onto scheduled PDSCH and the corresponding PDCCH is scrambled by SI-RNTI, which can be received by most UEs. Before Rel-10 UE receives the CSI-RS related signalling message from SIB2, it only knows the number of CRS antenna ports from PBCH; hence the scheduled PDSCH must be transmitted using the CRS antenna ports as the reference. The used transmission scheme will be single antenna port or transmit diversity depending on the number of CRS antenna ports obtained from PBCH detection. 

Due to the existence of CSI-RS, there may be puncturing of the PDSCH mapped by SIB2, and therefore the eNodeB should nevertheless take care to avoid scheduling transmissions of SIB2 in subframes with CSI-RS to avoid data puncturing.

Proposal 3: 
SIB2 contains the bits for signalling the number of CSI-RS ports, the CSI-RS configuration, subframe offset and duty cycle of the serving cell. If muting is adopted, it will also be signalled in SIB2.
The PDSCH mapped by SIB2 is transmitted using (Rel.8) CRS antenna ports, and the used transmission scheme is single antenna port or transmit diversity depending on the detected number of CRS antenna ports from PBCH.

2.5 Power offset
A UE needs to make an accurate assumption on the expected power of the PDSCH REs in future downlink transmissions relatively to the power of the CSI-RS when reporting the CQI and CSI. It was agreed that at least one parameter  is signaled for controlling the UE assumption on reference PDSCH transmitted power for CSI feedback. Obviously, it is expected that the transmission power of the CSI-RS will remain relatively constant compared to the frequency of the power offsets adjustments.

There is no relation between the CSI-RS EPRE and the PDSCH EPRE expected in future transmissions in Rel-8 since there are no CSI-RS in Rel-8. Thus the assumption that the UE needs to make is relative to a new measure which is the ratio of PDSCH EPRE to CSI-RS EPRE, which we call 
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. Defining a single value for 
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cannot capture the fact that the actual transmission will see a different ratio of PDSCH EPRE to CSI-RS EPRE depending on the OFDM symbol where the PDSCH REs are located. 
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could, however, be defined to capture the average ratio of PDSCH EPRE to CSI-RS EPRE over the expected allocated resource. Thus only one value should be sufficient for all the PDSCH REs of the UE.

This parameter should capture two effects. The first effect is the actual difference in average power level between the PDSCH EPRE and CSI-RS EPRE, while the second effect is the adjustment made by the eNodeB to compensate for optimistic or pessimistic CQI reports from the UE mainly due to inaccurate interference estimation. There does not seem to be a need to separate these two effects into two separate parameters. Although the parameters PA andΔoffset were separated in the adjustment for CQI computation in Rel-8, PA was in fact also used independently by the UE for the purpose of PDSCH demodulation based on CRS in transmission modes 1-6. Since Rel-10 introduced CSI-RS and UE-specific DM-RS for transmission mode 9, such dual usage of the actual difference in power level between the PDSCH EPRE and CSI-RS EPRE is no longer relevant. Thus both effects could be captured by a single parameter, whose range needs to be specified.
It is thus clear that a single UE-specific value for 
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should be made available at the UE by the eNodeB. The eNodeB could use either UE-specific signaling or cell-specific signaling for this purpose.
Cell-specific power offset

Alternatively, one could define a parameter  to adjust the UE-specificΔoffset by specifying 
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[dB]. It is not expected that the downlink power control for a UE PDSCH will change based on the use of CRS or CSI-RS for CSI and CQI reporting, thus the eNodeB mechanism for determining PA andΔoffset in Rel-8 could be reused in Rel-10, with an additional adjustment relative to the usage of CSI-RS. Given the target transmission power of the PDSCH for a particular UE, and given the time-invariant levels of CRS and CSI-RS transmission powers (relative to the time of the power control), the Rel-8 UE-specific indication ofΔoffset  should be sufficient to adjust the CQI assumption for both types of measurements. Moreover, any of the infrequent changes in the relative transmission powers of CRS and CSI-RS can be configured by a single cell-specific parameter , which is naturally related to the cell-specific ratio of CSI-RS EPRE to CRS EPRE. Note that this is independent of the physical or effective antennas used for transmitting the CRS and CSI-RS, since the UE only needs a reference transmit power level.  
UE-specific power offset

As suggested in [6], a UE specific Δoffset  could be signalled to adjust the UE assumption on CSI RS power. A similar mechanism is already supported in Rel-8 specifications as UE assumption for CQI calculation based on CRS. In section 7.2.3 of TS 36.213 [7], the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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which shall be assumed to be
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 [dB] for any modulation scheme and any number of layers, if the UE is not configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one. 
For a UE configured in the Rel-10 transmission mode 9 that relies only on CSI-RS for feedback and DMRS for demodulation, this method would specify that the UE shall assume the signaled value of 
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 for any modulation scheme and any number of layers, and 
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 would need to be signaled as a UE-specific parameter to each UE configured in this transmission mode, thus replacing the UE-specific signaling ofΔoffset , which would only be needed when the UE is configured in a Rel-8/9 transmission mode.

The values of 
[image: image59.wmf]C

r

 may assume a similar range as 
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 , while the power offset adjustment step size may assume the same resolution as 
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 in Rel-8. Given the Rel-8 ranges, 
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 can take values in [-6, -4.77, -3, -1.77, 0, 1, 2, 3] dB and 
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 can take values in [-2, 12] dB with a 2 dB step size, then  
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 may assume to take values in [-8, 16] dB with a 2 dB step size, requiring 4 bits for signalling. For more precise adjustments, a 1 dB step size could be specified.
For the sake of simplicity and commonality with the Rel-8 method, we propose defining 
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as a stand-alone parameter signalled in a UE-specific manner.
Proposal 4: the parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, is defined as follows:
· for CQI and CSI reports based on CSI-RS, the UE shall assume a value of 
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as signaled by the eNodeB when it is configured in Rel-10 transmission mode 9

· 
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is the ratio of PDSCH EPRE to CSI-RS EPRE, in dB
· 
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 is UE-specific and configurable
· As a baseline assumption, 
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 can take values in [-8, 16] dB with a 1 dB step size.
3 Usage of CSI-RS in Rel-10 Networks

It is agreed that there will be at least one Rel-10 CSI feedback mode that uses only CSI RS for channel estimation. Feedback enhancements in Rel-10 rely on measurements on CSI-RS, and as such the transmission mode that supports the feedback enhancements should only rely on the CSI-RS. On the other hand all other Rel-10 features, which do not rely on feedback enhancements, do not need to rely only on CSI-RS. For example, a Rel-10 UE configured with a transmission mode 1~8 would still enjoy the benefits of carrier aggregation and eICIC while only using CRS for feedback.

In that sense, one could think of a transmission mode with a single antenna port transmission mode taking advantage of Rel-10 features of carrier aggregation and eICIC, using only CRS for CQI feedback and demodulation. The possible introduction of one CSI-RS port in Rel-10 was mentioned at RAN1 #62. Our view is that we do not see any benefit of introducing such a transmission mode since all Rel-10 features, except feedback enhancements, can be supported with one CRS port. We do not see a need to configure a UE in the feedback-enhanced transmission mode 9 if the eNodeB uses only one transmit antenna port.

One should also note that CRS cannot be turned off in a Rel-10 network. A Rel-10 transmission mode relying on one CSI-RS port for measurements and on one UE-specific DMRS port for demodulation would only introduce reference signal overhead with no expected performance gain. On the other hand, CSI-RS can be not configured if no Rel-10 UE is configured to exploit feedback enhancements in a Rel-10 network.

Proposal 5: confirm the baseline values for the number of CSI-RS ports: 2, 4, 8
· CSI-RS are not present in the cell if they are not configured
Finally, we propose to clarify the CSI feedback modes for which the Rel-10 UE should assume the use of CSI-RS or CRS for channel estimation. In order to limit implementation changes and to maintain the performance of transmission modes 1 to 8, it is preferable to reuse the CRS for a Rel-10 UE configured in transmission modes 1 to 8. A Rel-10 UE shall assume rate matching around the CSI-RS for all unicast PDSCH transmissions if it is configured in any transmission mode after its release is known by the eNB.
Proposal 6:
· All CSI feedback modes associated with transmission mode 9 use only CSI-RS for channel estimation
· All CSI feedback modes associated with transmission modes 1 to 8 use only CRS for channel estimation
· A Rel-10 UE shall assume PDSCH rate matching around the CSI-RS (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode
4 Conclusion

In this contribution, remaining details for signalling the serving cell CSI-RS pattern are proposed. It was also concluded that there is no need to support one CSI-RS port since Rel-10 features of carrier aggregation and eICIC can be supported by configuring a Rel-10 UE with any Rel-8 transmission mode. 

The following are proposed:

· Proposal 1: Adopt the enumeration of the CSI-RS configurations given in tables 1 and 2
· The two nested CSI-RS configurations for N ports with indices J and J+64/N are nested in the CSI-RS configuration for 2N ports with index J.
· Port 0 of the CSI-RS configuration with index J is mapped a larger subcarrier index than port 0 of the CSI-RS configuration with index J+64/N.
· The CSI-RS configuration for N ports can be obtained as k modulo 64/N, where k is any of the nested CSI-RS configurations for 2 ports.
· Proposal 2: Adopt the values for the subframe offset and duty cycle of the CSI-RS in Table 4, where subframes to be avoided by the CSI-RS are:

· Subframe 0 when duty cycle is 5ms

· Subframe 5 when duty cycle is 10ms

· Subframe 5 when duty cycle is 20ms

· Subframes 5/25 when duty cycle is 40ms

· Subframes 5/25/45/65 when duty cycle is 80ms

· Proposal 3: the signaling message on the number of CSI-RS ports, the CSI-RS pattern, subframe offset and duty cycle of the serving cell is included in SIB2. If muting is adopted in Rel-10, it will also be signaled in SIB2.
The PDSCH mapped by SIB2 is transmitted using Rel.8 CRS antenna ports as reference, and the used transmission scheme is single antenna port or transmit diversity depending on the detected number of CRS antenna ports from PBCH.

· Proposal 4: the parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, is defined as follows:

· for CQI and CSI reports based on CSI-RS, the UE shall assume a value of 
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as signalled by the eNodeB when it is configured in Rel-10 transmission mode 9

· 
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is the ratio of PDSCH EPRE to CSI-RS EPRE, in dB

· 
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 is UE-specific and configurable

· As a baseline assumption, 
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 can take values in [-8, 16] dB with a 1 dB step size.
· Proposal 5: confirm the baseline values for the number of CSI-RS ports: 2, 4, 8
· CSI-RS are not present in the cell if they are not configured
· Proposal 6:
· All CSI feedback modes associated with transmission mode 9 use only CSI-RS for channel estimation

· All CSI feedback modes associated with transmission modes 1 to 8 use only CRS for channel estimation

· A Rel-10 UE shall assume PDSCH rate matching around the CSI-RS (after UE capability, i.e. its release, is known by the eNodeB) for all unicast PDSCH transmissions in any transmission mode
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