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1 Introduction
In LTE-A, channel state information RS (CSI-RS) is planned to be used for channel measurements and for deriving feedback on channel quality and spatial properties as needed. The feedback based on CSI-RS is used for different transmission modes such as single-cell single and multi-user MIMO.  

The CSI-RS patterns had been agreed in [10]; however, the signalling details have been left to further discussion.  
In this contribution we summarize our views on the signalling aspects and the possible configurations of the CSI-RS. 
2 Discussion
The agreed CSI-RS patterns for NCP are as shown in Figure 1 below. The patterns shown in Figure 1 are for both SF1 and SF2. 
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Figure 1  CSI-RS patterns for NCP, common for FS1 and FS2

Figure 2 shows the additional pattern for FS2.  
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Figure 2  CSI-RS patterns for NCP and FS2 with 2CRS APs

The agreed CSI-RS patterns for ECP are as shown in Figure 3 below.  The patterns shown in Figure 3 are for both SF1 and SF2.
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Figure 3  CSI-RS patterns for ECP, common for FS1 and FS2

Figure 4 shows the additional pattern for FS2. 
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Figure 4  CSI-RS patterns for ECP and FS2 with 2CRS APs

Note that all patterns in Figure 1 and 3 are mandatory to support for all UEs. And in addition, the patterns shown in Figure 2 and 4 are mandatory to support for all UEs that are FS2 capable. There is no requirement on which patterns need to be supported in E-UTRAN. 
2.1
Signalling of serving cell CSI-RS configuration
The following topics need to be decided regarding the CSI-RS configuration signalling: 

1. System acquisition state where CSI-RS configuration needs to be known to the UE, e.g. only in connected mode, or also in idle mode, if so, for which SIB acquisition
2. Number of possible configurations
3. Implicit or explicit derivation of CSI-RS configurations, i.e. whether configuration is tied to PCI or not

We will discuss these in the following subsections. 

2.1.1
Timing of CSI-RS transmission and CSI-RS configuration transmission

Initially, when the UE performs system acquisition, it is not aware of whether E-UTRAN support Rel-8 or Rel-10, therefore PSS/SSS/RSRP detection will have to be based on CRS only. 
Since the MIB payload is limited, we propose that MIB should not carry any CSI-RS related information. Although the number of CSI-RS ports could be carried in the MIB, that information alone without the detailed CSI-RS port configuration has only very limited use. 
CSI-RS configuration information could be added in SIB1 … SIB13.  This is not entirely necessary, since the eNB could make sure that SIBs are scheduled on subframes that do not carry CSI-RS, in which case the Rel-10 UEs capability to decode SIB would not be impacted by the lack of knowledge of CSI-RS configuration.  

SIB1 is scheduled in SF#5 only.  The other SIBs are scheduled fully dynamically, so the eNB has enough flexibility to schedule them around CSI-RS subframes.  On the other hand, it would increase eNB flexibility to add CSI-RS information in one of the SIBs.  If CSI-RS configuration is added in SIBx then the eNB should schedule transmissions of SIB1…SIBx on subframes without CSI-RS but it would have full flexibility in scheduling SIBx+1…SIB13. On the other hand, in order to protect SIB reception by legacy UEs, there is a motivation for the eNB to avoid scheduling SIB transmission in subframes containing CSI-RS altogether.  
With respect to other CSI-RS subframe restrictions, in our opinion, the CSI-RS subframe allocation should observe the following. 

1. We propose to exclude subframes that include PBCH, sync signals or paging within a radio frame from the CSI-RS subframe set, i.e. subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode. 

2. To simplify the specification, we propose that DwPTS in TDD should not be used to carry CSI-RS.  Note that since the number of control symbols is limited to two in special subframes and the 3rd symbol carries the PSS, it would be possible to fit CSI-RS after the first three OFDM symbols; however, in our view, the number of different DwPTS configurations makes this option complicated.  

If the above is agreed then SIB1 transmission are automatically protected since those can occur in SF#5 only. Therefore, SIB1 could carry CSI-RS configuration information. However, due to sensitivity to SIB1 payload increase, CSI-RS configuration can be carried on any of subsequent SIBs as long as the SIB dynamic scheduling avoids CSI-RS subframes.  
We propose to add CSI-RS information in an appropriately selected SIB. Although adding CSI-RS information only in connection control messages is also a viable option. 
CSI-RS information should also be added in mobility control messages, i.e. the connected mode UE should receive the target cells CSI-RS configuration as part of the handover command. 

2.1.2
Number of possible CSI-RS configurations

In Table 1, we summarized the number of possible configurations within a CSI-RS subframe, in the various cases.  Note that this table doesn’t address the CSI-RS subframe allocation options. 
	CP Type
	Tx antenna ports
	Frame Structure Type
	Number of signalled CSI-RS cases
	Notes

	Normal
	8
	1
	5
	Case 4 is not used when half duplex relays are used

	
	
	2
	8
	Cases 6…8 are only used when AP#2 and AP#3  are not present

	
	4
	1
	10
	Cases 7…8 are not used when half duplex relays are used

	
	
	2
	16
	Cases 11…16 are only used when AP#2 and AP#3  are not present

	
	2
	1
	20
	Cases 13…16 are not used when half duplex relays are used

	
	
	2
	32
	Cases 21…32 are only used when AP#2 and AP#3  are not present

	Extended
	8
	1
	4
	

	
	
	2
	7
	Cases 5…7 are only used when AP#2 and AP#3  are not present

	
	4
	1
	8
	

	
	
	2
	14
	Cases 9…14 are only used when AP#2 and AP#3  are not present

	
	2
	1
	16
	

	
	
	2
	28
	Cases 17…28 are only used when AP#2 and AP#3  are not present


Table 1  CSI-RS pattern signalling configuration

In general, 7 bits are sufficient to indicate the pattern with the CSI-RS subframe. For example, 2 bits can be used to indicate the number of antenna ports {2, 4, 8}  and up to 5 bits can indicate the pattern index. 

Enumeration is also possible, for example, in the NCP FS2 case, there are 5+10+20=35 possibilities, which can be encoded in 6 bits, representing a 1 bit saving. 

Other encoding methods, e.g. variable length are also possible.  The encoding aspects beyond deciding about the supported cases in Table 1 are best left for RAN2 discussion. 
 2.1.3
Configuration of CSI-RS subframe period and offset

The duty cycle of the CSI-RS patterns should be configurable to a limited set of values, e.g., {4, 5, 8, 10, 12, 16, 20, 32} ms. In addition, a subframe offset should be also configured.  

In case of a periodicity that is a multiple of 4ms, all subframes offsets would be allowed; however, in subframes that are possible paging subframes, CSI-RS would not be transmitted and rate matching would not occur. CSI-RS periodicity that is a multiple of 4ms may particularly be useful if time domain partitioning based solutions are adopted for HetNet in FDD mode. It should be noted that since CSI-RS avoids paging subframe, when configured with 4ms periodicity, CSI-RS uses only 6 subframes every 40ms in FDD with maximum spacing between CSI-RS subframes of 12ms. 

For all cases, except for 5ms and 10m periodicity, the UE will need to know the cell SFN to correctly interpret the subframe offset. 

The required number of bits would be

· 3 bits to indicate the repetition period

· Variable 2…5 bits to indicate subframe offset

· For example, offset {1, 2, 3} for 5ms period

· For example, offset {0, 1, 2, …, 31} for 32ms period

An alternative mapping that provides increased flexibility in scheduling CSI-RS it to configure it using a bitmap covering all usable subframes in a 40ms period (24 subframes). Since not all possible configurations are necessary this information can be compressed. For example we could use 2 bits for every 5 subframes to indicate which subframe is used  (3 states for the 3 usable subframes in 5ms and 1 state to indicate no subframe is used in a given 5ms) resulting in a total of 16 bits.

The actual configured value should be conveyed to the UE at the same time, i,e, in the same messages, when number of CSI-RS antenna ports and the pattern within the subframe are signalled. 

CSI-RSs across different cells could be transmitted in different sub-frames to reduce the collision rate of CSI-RS. However, this has the following drawbacks:

·    Impact of legacy UEs: puncturing the data region of legacy UEs in multiple sub-frames (if muting is supported) may incur larger system performance loss. It is desirable to limit the impact of puncturing legacy UEs data region to the least number of sub-frames so that eNBs can schedule legacy UEs around those subframes.

·    Impact on DRX mode: measuring CSI-RS from multiple cells or different antenna ports in different subframes increases the wakeup duty cycle requirements and reduces the UE battery life; although this concern would apply mainly to CoMP and maintaining full CoMP channel estimation in DRX mode may not represent strong benefits. 

Our preference is to restrict the presence of CSI-RS to a limited number of subframes. 
 2.1.4
Possible CRS - CSI-RS configurations

The number of CRS and CSI-RS ports may or may not be the same, as a matter of fact; the usefulness of using the same number of CRS and CSI-RS ports is limited. 

In Table 2, we summarized the number of possible configurations CRS - CSI-RS configurations.  

	CP Type
	# of CRS antenna ports
	# of CSI-RS antenna ports
	Support required
	Notes

	Normal
	1
	2
	No
	To improve control reliability, 2 CRS AP should be used

	
	
	4
	No
	To improve control reliability, 2 CRS AP should be used

	
	
	8
	No
	To improve control reliability, 2 CRS AP should be used

	
	2
	2
	Yes
	

	
	
	4
	Yes
	

	
	
	8
	Yes
	

	
	4
	2
	No
	

	
	
	4
	No
	Perhaps useful in relay cases

	
	
	8
	Yes
	

	Extended
	1
	2
	No
	To improve control reliability, 2 CRS AP should be used

	
	
	4
	No
	To improve control reliability, 2 CRS AP should be used

	
	
	8
	No
	To improve control reliability, 2 CRS AP should be used. Limited use due to Rank<=2 restriction in ECP

	
	2
	2
	Yes
	

	
	
	4
	Yes
	

	
	
	8
	Yes
	Limited use due to Rank<=2 restriction in ECP

	
	4
	2
	No
	

	
	
	4
	No
	Perhaps useful in relay cases

	
	
	8
	Yes
	Limited use due to Rank<=2 restriction in ECP

	Note: When MBSFN subframes are configured for relay backhaul subframes, CSI-RS can be used by the relay node for time tracking


Table 2  CRS -  CSI-RS configuration

 2.1.5
Explicit vs. Implicit CSI-RS configuration

CSI-RS configuration information could be derived, for example, from the serving cell PCI.  This would be an implicit configuration indication. Although this approach reduces the required signalling overhead, it has some obvious drawbacks. 
Cell ID is already used for minimizing PSS/SSS interference, UL sequence shift optimization, etc. With the additional constraint of CSI-RS reuse optimization, the optimized cell planning becomes more difficult. 

For example, the problem of PSS allocation and/or CRS collision avoidance are essentially reuse 3 problems. For CSI-RS, the possible reuse factor for NCP, FS1 is 5, which is not a multiple of 3.  Therefore finding a PCI allocation that would satisfy both conditions will restrict the flexibility of planning. Selection of PCI for UL sequence shift optimization represents further restriction. 
Also, in the subframe offset selection, there is motivation to use the same subframe for all neighbors. This would unduly restrict the available PCI space if implicit mapping for the subframe offset were used.  

Our proposal is to enable explicit CSI-RS configuration signalling. 
3
PDSCH muting for CSI-RS 
If PDSCH muting is adopted in support of CoMP, the muting pattern should be also conveyed to all LTE-A UEs, since the PDSCH will be rate matched around the muted tones. 
In principle, the same muting information should be carried in the same message (e.g. SIBx) that carries the serving cell CSI-RS configuration information. 

In principle, the same format can be used for the muting information as for the serving CSI-RS information.  Although some form of compression can be applied, we believe that for the sake of simplicity, the same format should be used for muting as for serving CSI-RS. 

In order to limit the overhead impact, the number of CSI-RS patterns that could be signalled for muting should be limited, for example to 2. 
4
Interference Estimation and CSI-RS

Some concerns have been raised regarding interference estimation from CSI-RS for CQI reporting due to the low density of CSI-RS and due to the ongoing study on muting of CSI-RS of neighbouring cells. With muting, the neighbouring cell might mute the REs of the serving cell of an UE causing the UE to not measure the interference caused by the neighbouring cell. We believe that the CQI reporting can be based on interference estimated on CRS. CRS is available on all normal subframes and has a higher density than CSI-RS. Even if CSI-RS is transmitted on MBSFN subframes, the interference estimate could be obtained from the CRS on the first OFDM symbol (although the control load and PDSCH load might not be the same) or interference estimates from previous subframes can be used. Hence, in a homogeneous network context, the interference estimated on CRS which is expected to be similar to the interference expected on the data tones should suffice. 
In HetNet and CoMP scenarios although the transmission schemes are not decided yet, some general statements can be made. In HetNet, if CSI-RS is not orthogonalized (for example using muting), it would be difficult to estimate the channel for CQI feedback. It is quite likely that CSI-RS will be orthogonalized in a manner similar to data (for example CA-based or non-CA-based methods). In that case using CSI-RS for interference estimation should be possible since CSI-RS will experience the same interference as data. Similarly, CRS based interference is also possible as long as the UE is informed in which resources (subframes) the interference estimation should be made. This resource specific channel CSI measurement is similar to subband based CQI or PMI defined in Rel8. Other mechanisms might be introduced when the transmissions schemes for Het Net and CoMP are more concrete.
5
Conclusions
In this paper, we provided proposals for the CSI-RS configuration and for the CSI-RS configuration signaling. The key aspects are summarized below:
· Use explicit CSI-RS configuration signalling (no PCI dependency)

· The required maximum number of signalling bits for CSI-RS pattern indication with a subframe is 6 (could be further reduced)
· The duty cycle of CSI-RS is configured from a limited set of values, e.g. {4, 5, 8, 10, 12, 16, 20, 32} ms
· CSI-RS avoids subframes allowed for paging

· CSI-RS avoids DwPTS in TDD

· The required maximum number of signalling bits for periodicity and subframe offset is 8 (could be further reduced)
· The same signalling format should be used for serving CSI-RS and PDSCH muting, if muting is supported in Rel-10
· At least the following {# of CRS, #of CSI-RS} port combinations should be supported: {2, 2}, {2, 4}, {2, 8}, {4, 8}
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