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1 Introduction

Given the CSI-RS patterns that are agreed in RAN1 #61bis for both normal-CP and extended-CP, this contribution addresses our views on the CSI-RS configuration.
2 Analysis on CSI-RS configurations
In RAN1 #61bis, the CSI-RS patterns (assuming 8Tx CSI-RS per reuse pattern) are defined as in Figure 1[1]

 REF _Ref268728376 \r \h 
[2], where Figure 1(a) shows the pattern in normal-CP subframe for both FDD and TDD; Figure 1(b) shows the optional pattern in normal-CP subframe of TDD; Figure 1(c) shows the pattern in extended-CP subframe for both FDD and TDD; and Figure 1(d) shows the optional pattern in extended-CP subframe of TDD. In addition, 4Tx CSI-RS pattern is the nested inside 8Tx pattern and the corresponding RE’s are identified by {0,1,2,3} and {4,5,6,7}; 2Tx CSI-RS pattern is the nested inside 8Tx pattern and the corresponding RE’s are identified by {2i, 2i+1} for i=0,1,2,3. 
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(a). Pattern P_NCP_FDD_TDD            (b). Pattern P_NCP_TDD_only
[image: image3.wmf]0

1

2

3

4

5

6

7

8

9

10

11

0

1

0

1

0

1

0

1

2

3

2

3

2

3

2

3

4

5

4

5

4

5

4

5

6

7

6

7

6

7

6

7

Extended CP w/o port5,

                
[image: image4]
(c). Pattern P_ECP_FDD_TDD               (d). Pattern P_ECP_TDD_only
Figure 1 Agreed CSI-RS patterns

The transmission of CSI-RS should not interfere with the following signals that are already defined in LTE specification:
1). PSS/SSS: For FDD, PSS/SSS is on last 2 symbols of 1st slot in subframes {0, 5}, and collides CSI-RS on these two symbols; for TDD, even though PSS is on 3rd symbol of subframes {1, 6} and does not collide any CSI-RS signal, SSS is on last symbol of subframes {0, 5} and may impact the CSI-RS transmission involved with this symbol.
2). PBCH: because PBCH transmission would occupy the first four symbols in slot 1 of subframe #0 in the frame satisfying nf mod 4=0, it could collide with some CSI-RS signal. 
3). Paging channel: Unlike PSS/SSS/PBCH that are only transmitted within central 6RB’s, paging channel can be allocated to any portion of full bandwidth. In the time domain, the set of paging subframes can be configured as {9}, {4,9} or {0,4,5,9} for FDD, and {0}, {0,5} or {0,1,5,6} for TDD. 
Due to the potential performance impact from CSI-RS insertion and possible CSIRS-associated muting to paging channel which is carried by Rel-8 PDSCH, we believe CSI-RS should not be transmitted in any subframe of configured paging subframe set.  Meanwhile, regarding to the avoidance of collision between CSI-RS and PSS/SSS/PBCH, there could be two options:

Option-1: Each CSI-RS CDM pair avoids the PSS/SSS/PBCH RE’s, but can be transmitted on the RE’s that share the same symbol with PSS/SSS/PBCH but are out of central 6RB’s. 

Option-2: CSI-RS CDM pair is not transmitted if any of involved CSI-RS shares the same symbol with PSS/SSS/PBCH. 

Even though Option-1 can keep larger CSI-RS reuse factor in subframes {0, 5}, it has some drawbacks: 
1). for certain CSI-RS reuse patterns, the CSI information within the central 6RB’s are always unavailable, which means that, for certain cells,

a). The 8TX transmission is not supported within central 6RB’s. 

b). The scheduler may deal with two kinds of feedback within two frequency band: one is based on CRS within central 6RB’s and another is based on CSI-RS outside of central 6RB’s. This actually constantly partitions the bandwidth into two resource pools, which generally downgrades the system throughput performance. 
c). The throughput performance can be un-symmetric across different cells, which not only increases the evaluation cases in RAN4, but also results in unfair cell-planning in practical deployment. 
2). Option-1 needs extra specification in standard text, while Option-2 can be implied into the CSI-RS configuration.

Therefore, we prefers to Option-2. 

Proposal-1: The CSI-RS reuse pattern is not transmitted in the configured paging subframes and it is not transmitted if sharing with any symbols carrying PSS/SSS/PBCH. 
To be noted, the proposal-1 can be fully implied within CSI-RS configuration and does not need extra standard specification. Given proposal-1, the CSI-RS reuse factors per subframe are summarized in Table 1 for FDD and Table 2 for TDD, where the underlined numbers (also marked in blue) indicate the corresponding CSI-RS cycles can be integer multiple of 10ms, while the non-underlined numbers indicate the corresponding CSI-RS cycles can be integer multiple of 5ms.
Table 1 CSI-RS reuse factor per subframe in FDD (assume 8Tx)
	CSI-RS pattern category
	Subframe index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Normal-CP
	1 or 0
	5
	5
	5
	5 or 0
	4 or 0
	5
	5
	5
	0

	Extended-CP
	2 or 0 
	4
	4
	4
	4 or 0
	2 or 0
	4
	4
	4
	0


Table 2 CSI-RS reuse factor per subframe in TDD (assume 8Tx)
	CSI-RS pattern category
	Uplink-downlink

configuration
	Subframe index

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	P_NCP_FDD_TDD
	0
	0
	-
	-
	-
	-
	4 or 0
	-
	-
	-
	-

	
	1
	
	-
	-
	-
	5
	
	-
	-
	-
	5

	
	2
	
	-
	-
	5
	5
	
	-
	-
	5
	5

	
	3
	
	-
	-
	-
	-
	
	5 or 0
	5
	5
	5

	
	4
	
	-
	-
	-
	5
	
	
	5
	5
	5

	
	5
	
	-
	-
	5
	5
	
	
	5
	5
	5

	
	6
	
	-
	-
	-
	-
	
	-
	-
	-
	5

	P_NCP_TDD_only
	0
	0
	-
	-
	-
	-
	3 or 0
	-
	-
	-
	-

	
	1
	
	-
	-
	-
	3
	
	-
	-
	-
	3

	
	2
	
	-
	-
	3
	3
	
	-
	-
	3
	3

	
	3
	
	-
	-
	-
	-
	
	3 or 0
	3
	3
	3

	
	4
	
	-
	-
	-
	3
	
	
	3
	3
	3

	
	5
	
	-
	-
	3
	3
	
	
	3
	3
	3

	
	6
	
	-
	-
	-
	-
	
	-
	-
	-
	3

	P_ECP_FDD_TDD
	0
	0
	-
	-
	-
	-
	2 or 0
	-
	-
	-
	-

	
	1
	
	-
	-
	-
	4
	
	-
	-
	-
	4

	
	2
	
	-
	-
	4
	4
	
	-
	-
	4
	4

	
	3
	
	-
	-
	-
	-
	
	4 or 0
	4
	4
	4

	
	4
	
	-
	-
	-
	4
	
	
	4
	4
	4

	
	5
	
	-
	-
	4
	4
	
	
	4
	4
	4

	
	6
	
	-
	-
	-
	-
	
	-
	-
	-
	4

	P_ECP_TDD_only
	0
	0
	-
	-
	-
	-
	5 or 0
	-
	-
	-
	-

	
	1
	
	-
	-
	-
	7
	
	-
	-
	-
	7

	
	2
	
	-
	-
	7
	7
	
	-
	-
	7
	7

	
	3
	
	-
	-
	-
	-
	
	7 or 0
	7
	7
	7

	
	4
	
	-
	-
	-
	7
	
	
	7
	7
	7

	
	5
	
	-
	-
	7
	7
	
	
	7
	7
	7

	
	6
	
	-
	-
	-
	-
	
	-
	-
	-
	7


It can be seen that, even for the TDD allocations (e.g., TDD allocation #0) for which the DL subframe is very limited, the CSI-RS reuse factor in the system can still be sufficient by properly configuring paging subframes and CSI-RS transmission cycle. 

The configuration of CSI-RS can be classified into two types: 

Type-1: The configuration is completely based on the function of PCI (physical cell identification), instead of the RRC signaling. 

Type-2: The configuration is mainly based on RRC signaling, and possibly along with the application of PCI. 

According to Table 1 and Table 2, the CSI-RS reuse factors could be different for various subframe indices, CP types and frame structure types. In order to fully utilize the CSI-RS reuse patterns, the simpler way for CSI-RS configuration is to adopt the option-2, the RRC signaling based configuration.
Proposal-2: CSI-RS configuration is based on RRC signaling, possibly along with the application of PCI. 
Configure which subframes carry CSI-RS 

If not considered for specific frame structure types, any subframe can be used to carry CSI-RS. This leads to a configuration mechanism much similar to that of positioning RS.
Proposal-3: by defining the following parameters:
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: the cell specific subframe period for CSI-RS;
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: the cell specific subframe offset for the CSI-RS; 
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: the slot index within one radio frame. 
The subframe instance to transmit CSI-RS is specified by 
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 can be signaled to UE by a RRC parameter 
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, as shown in Table 3.

Table 3 CSI-RS subframe configuration
	CSI-RS configuration index 
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	CSI-RS subframe offset 
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Configure CSI-RS RE locations within subframe
Firstly, it is not necessary to specify CSI-RS configurations by four categories as specified in Figure 1.
· For normal-CP TDD, the reuse pattern not supporting port-5 URS (P_NCP_FDD_TDD) and the reuse pattern supporting port-5 URS (P_NCP_TDD_only) can be assigned to the cells in the same measurement set, as shown in Figure 2 for one example, in order to flexibly support both CSI-RS and port-5 URS within the TDD network. Even though the coexistence of two CSI-RS patterns for TDD would cause the CSI-RS RE in one cell to collide with CRS and/or port-5 URS in another cell, and would have certain issue in CSI-RS related muting (if defined), such impact could be easily addressed either in the cell planning by avoiding such collision, or in the muting implementation by minor efforts, for example, by simply defining the muting only onto PDSCH RE’s but not performed on non-PDSCH RE pair. Therefore, the normal-CP TDD has total eight (5 from P_NCP_FDD_TDD and 3 from P_NCP_TDD_only) 8-Tx CSI-RS reuse patterns, among which the five 8-Tx reuse patterns are used for normal-CP FDD. 
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Figure 2 Example of co-existence of two CSI-RS patterns in normal-CP TDD

· For extended-CP TDD, similar to normal-CP TDD, the reuse pattern in P_ECP_TDD_only and the reuse pattern in P_ECP_FDD_TDD can co-exist in the same measurement set, which means the extended-CP TDD has total seven 8-Tx CSI-RS reuse patterns (as given by P_ECP_TDD_only), among which four 8-Tx reuse patterns (as given by P_ECP_FDD_TDD) are used for extended-CP FDD. 
Therefore, the two pattern types in TDD can be unified, and further even FDD and TDD can also be unified. Assume the total number of different locations for CSI-RS RE #0 is NmTx where mTx indicates m CSI-RS ports, then 
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The corresponding RE#0 locations, <
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>, are shown in Table 5 and Table 6 in Appendix. For the nested 4Tx and 2Tx CSI-RS, N4Tx=2*N8Tx and N2Tx=4*N8Tx. 
Proposal-4: CSI-RS signaling mechanism should be unified between two TDD pattern options; it can be also unified between FDD and TDD. 

For each CSI-RS reuse pattern, the CSI-RS RE locations inside subframe are unambiguously determined by the number of CSI-RS ports (m) and the location of RE#0 (<
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>) in the assigned reuse pattern. Based on this property, this contribution considers following methods for CSI-RS configuration signaling:
1). Separate encoding of m and <
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In this signaling method, the number of CSI-RS ports (2,4 or 8) and one of NmTx CSI-RS RE#0 locations are separately encoded. Apparently, this signaling method is mostly straightforward, but costs as many as 
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 bits per cell. It also needs lookup table with 4*N8Tx entries to encode all <
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2). Separate encoding of m and <
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In this signaling method, the number of CSI-RS ports (2,4 or 8) is independently encoded into 2-bit. <
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> is derived from nested 8-Tx CSI-RS reuse pattern by a function
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. In details, <
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> is given by the RE#z in the nested 8-Tx pattern, where 
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 and m is the number of CSI-RS ports. The parameter x can be either the PCI of the cell or another RRC-signaled parameter. For either choice of parameter x, this method needs the lookup table with N8Tx entries to encode location of RE#0 of nested 8-Tx reuse pattern into up to 3 bits, as specified by columns in Table 5 and Table 6.
· If x is PCI, one example of 
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 that can somehow decouple the PCI requirements on CRS deployment and CSI-RS deployment. In this case, the total signaling overhead is 5-bit per cell.
· If x is RRC-signaled parameter, the simplest one is 
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. In this case, the total signaling overhead is 7-bit per cell.
3). Joint signaling of m and <
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Because <
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> has limited choices for the given value on m, the both can be jointly encoded, which needs 
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4). Combination of 2) and 3) mentioned above

In this method, <
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> is given by the location of RE#z in the nested 8-Tx pattern, where z and m are jointly encoded according to Table 4 and are informed to UE by another RRC-signaled CSI-RS configuration index 
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. This method requires up to 6 bits per cell, plus the lookup table with N8Tx entries.
 Table 4 CSI-RS pattern-nesting configuration
	CSI-RS configuration index 
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	Number of CSI-RS ports (m)
	Location of RE#0 in nested 8-Tx CSI-RS pattern (z)

	0
	8
	0

	1
	4
	0

	2
	4
	4

	3
	2
	0

	4
	2
	2

	5
	2
	4

	6
	2
	6


Considering the signaling overhead and size of lookup tables, we slightly prefer to method 4).  

Proposal-5:  The CSI-RS configuration within subframe should jointly encode the number of CSI-RS ports and the parameter that is used to derive the location of RE#0, as shown in Table 4.

3 Conclusions

This contribution proposes that
Proposal-1: The CSI-RS reuse pattern is not transmitted in the configured paging subframes and it is not transmitted if sharing with any symbols carrying PSS/SSS/PBCH. 
Proposal-2: CSI-RS configuration is based on RRC signaling, possibly along with the application of PCI. 
Proposal-3: The CSI-RS subframe period and offset are defined in the same way as for PRS. 

Proposal-4: CSI-RS signaling mechanism should be unified between two TDD pattern options; it can be also unified between FDD and TDD. 
Proposal-5:  The CSI-RS configuration within subframe should jointly encode the number of CSI-RS ports and the parameter used to derive the location of RE#0.
In summary, we propose a signaling format with three parameters to configure the CSI-RS RE locations for the serving cell and each non-serving cell in measurement set: 

· CSI-RS subframe configuration index 
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 (6~7 bits): determine the locations of CSI-RS subframes, as shown in Table 3. 

· CSI-RS pattern-nesting configuration index 
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 (3 bits): determine the number of CSI-RS ports and the nesting location in 8-Tx CSI-RS pattern, as shown in Table 4. 
· CSI-RS 8-Tx pattern index (up to 3 bits): identify within CSI-RS subframe the nested 8-Tx CSI-RS pattern, in which the actual CSI-RS RE’s locate. This index corresponds to location of RE#0 of 8-Tx CSI-RS pattern as shown in columns of Table 5 and Table 6.
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Appendix. Lookup tables to encode location of RE#0 in the 8-Tx CSI-RS reuse patterns
	Encoded CSI-RS RE#0 (up to 3bit)
	CSI-RS RE#0 location <
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	Normal-CP, FS-1
	Normal-CP, FS-2
	Extended-CP, FS-1
	Extended-CP, FS-2

	0
	<11,9>
	<11,9>
	<11,4>
	<11,4>

	1
	<9,9>
	<9,9>
	<9,4>
	<9,4>

	2
	<7,9>
	<7,9>
	<10,10>
	<10,10>

	3
	<9,5>
	<9,5>
	<9,10>
	<9,10>

	4
	<9,12>
	<9,12>
	Not used
	<11,7>

	5
	Not used
	<11,8>
	
	<10,7>

	6
	
	<9,8>
	
	<9,7>

	7
	
	<7,8>
	
	Not used


Table 5 Encoding of location of CSI-RS RE#0 for 8-Tx reuse pattern (unify two options in TDD)

	Encoded CSI-RS RE#0 (up to 3bit)
	CSI-RS RE#0 location <
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	Normal-CP
	Extended-CP

	0
	<11,9>
	<11,4>

	1
	<9,9>
	<9,4>

	2
	<7,9>
	<10,10>

	3
	<9,5>
	<9,10>

	4
	<9,12>
	<11,7>

	5
	<11,8>
	<10,7>

	6
	<9,8>
	<9,7>

	7
	<7,8>
	Not used


Table 6 Encoding of location of CSI-RS RE#0 for 8-Tx reuse pattern (unify between FDD and TDD)
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