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1. Introduction
Patterns for CSI-RS were finalized in RAN1 #61bis [1]. Figure 1 shows the agreed-upon patterns for FS1 and FS2 with normal CP transmission. Following details regarding CSI-RS signaling were agreed during RAN1 #62 [2]:


[image: image1]
Figure 1: CSI-RS patterns for normal cyclic prefix (applicable for FS1 and FS2).
· Following parameters for CSI-RS are explicitly signaled via higher layer

· Number of CSI-RS ports

· CSI Configuration

· The enumeration of the CSI configurations will be decided at RAN1#62bis meeting

· Duty cycle

· Subframe offset

· Duty cycle and subframe offset are jointly encoded

· FFS: 15 msec in the table

· FFS: Multiple of 4 msec

· FFS whether subframes 0 and 5 are avoided

· Additionally, at least one parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, 
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· Values in the table in next slide are agreed as baseline

· To be confirmed at RAN1#62bis meeting
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This contribution presents our views on the remaining signaling aspects for CSI-RS.
2. Signaling Aspects for CSI-RS
Based on WF presented in R1-105041 [2], it was agreed to signal (via higher layer) the following:

· Number of CSI-RS ports (2/4/8)

· CSI-RS configurations
· Reference PDSCH power parameter for CSI feedback

· Jointly encoded CSI-RS duty cycle and subframe offset. 
Table 1 shows the achievable reuse factors with different number of CSI-RS antenna ports (APs) with normal and extended CP transmission for FS1 and FS2 respectively.

Table 1: Number of intra-subframe location indices for CSI-RS
	Configuration
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	Normal CP (FS1)
	20
	10
	5

	Normal CP (FS2)
	32
	16
	8

	Extended CP (FS1)
	16
	8
	4

	Extended CP (FS2)
	28
	14
	7


2.1. Intra-subframe Location Index

The following alternatives are possible for encoding the number of CSI-RS APs and the intra-subframe location:
1) Separate explicit signaling:  The number of CSI-RS APs (2/4/8) and the intra-subframe location index are signalled separately. The signaling overhead is equal to 
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2) Joint explicit signaling: The number of CSI-RS antenna ports and the corresponding serving cell CSI-RS index are jointly encoded.  We identify two possibilities for joint signaling:
· Alt1 [Enumerating all patterns]: This scheme involves identifying all possible CSI-RS APs and all possible intra-subframe CSI-RS pattern locations. From Table 1, the total number of possible AP plus pattern indices equals 56 for normal CP and equals 49 for extended CP configuration. Table 2 shows one possible index assignment. The associated signaling overhead is equal to 
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Table 2: Indexing Intra subframe locations for Alternative 1
	Configuration
	Intra-subframe pattern location

	
	8 TX
	4 TX
	2 TX

	Normal CP
	0 through 7
	8 through 23
	24 through 55

	Extended CP
	0 through 6
	7 through 20
	21 through 48


· Alt2: The message payload header size communicates the number of CSI-RS antenna ports, while the remaining bits communicate the location of the intra-subframe location index. See Figure 2 for example. A similar approach has been presented in [4].  The incurred signaling overhead equals 6 bits. Out of the 6 bits, the number of APs is signalled using 1/2/3 bits for 2/4/8 CSI-RS APs. The remaining 5/4/3 bits are used for signaling the intra-subframe pattern location index – note that the mapping from the pattern location index to the actual RE index may be based on the  “consecutive index for nested structure” scheme as suggested in [3]. 

[image: image7]
Figure 2: Joint encoding of CSI-RS antenna ports and the intra-subframe location index. “Red” bit (s) communicate the number of CSI-RS ports while bits marked “x” encode the intra-subframe location index.
3) Implicit signaling: Implicit signaling (or so-called hybrid approaches [4] involving a combination of implicit and RRC signaling thereof) ascertains the intra-subframe pattern index as a function of the cell-ID. Although implicit signaling can potentially reduce the signaling overhead, we expect it to be marginal; further, it reduces reuse flexibility in scenarios requiring interference coordination (e.g. heterogeneous networks). See [5] for related discussion.  
Proposal: We suggest joint explicit signaling (6 bit payload) of the number of CSI-RS antenna ports and the intra-subframe location index. 
3. CSI-RS Configuration
Because CSI-RS is cell-specific and transmitted over the entire system bandwidth, CSI-RS transmission may potentially overlap with the transmission of SCH and/or P-BCH (see below table for the occurrence of cell-specific broadcast transmission for FS1 and FS2). One possibility is allow CSI-RS transmission on subframes carrying broadcast information with the caveat that CSI_RS is punctured out on the six center resource blocks. However, this implies that the UE cannot estimate CSI over the entire system bandwidth. 

Proposal: No CSI-RS transmission occurs on subframe offsets 0 and 5 for FS1 [resp. 0, 1 and 6 for FS2].
	Frame Structure
	PBCH
	Primary SCH
	Secondary SCH

	FS1
	Subframe0, first four symbols within slot 1.
Center six resource blocks
	Subframe 0 and 5, last OFDM symbol (symbol index 6) during slots 0 and 10 
Center six resource blocks
	Subframe 0 and 5

Slots 0 and 10
Symbol 5 (normal CP)/ Symbol 4 (extended CP)

Center six resource blocks

	FS2
	First four symbols (subframe0 slot 1)
Center six resource blocks
	Third OFDM symbol in subframes 1 and 6

Center six resource blocks
	Subframe 0 and 5

Slots 1 and 11

Symbol 6 (normal CP)/Symbol 5 (extended CP)

Center six resource blocks


4. Conclusions

Proposal 1: Joint “higher-layer” signaling of the number of CSI-RS antenna ports and intra-subframe location index is preferable. A payload size of 6 bits is sufficient.

Proposal 2: For avoiding overlap with system broadcast/sync information, CSI-RS should not be carried over subframe offsets 0 and 5 [resp. 0, 1 and 6 for FS2].
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