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1. Introduction

In RAN1#61bis meeting, significant progress was made on CSI-RS pattern [1]. In this contribution, we provide our views on CSI-RS signaling design and focus on subframe configuration and pattern index.
2. Signaling for CSI-RS
In order for an UE to obtain channel state information based on CSI-RS, some parameters about CSI-RS need to be informed:

· CSI-RS on/off
· Number of CSI-RS ports

· Subframe configuration, 
· duty cycle and subframe offset
· Pattern index

· CSI-RS power

There are different signaling methods such as implicit signaling, explicit signaling and hybrid signaling [2]. Signaling style for different parameters could be different. 
· Subframe configuration, including duty cycle and subframe offset
Duty cycle is usually configured according to deployment scenarios, user speed and other actual parameters. To configure duty cycle flexibly, it should be signaled explicitly. 
Purpose of introducing subframe offset is mainly to avoid inter-cell collision. Both tying with cell_ID and explicit configuring can achieve this goal. However, tying with cell_ID may bring some limitation on the plan of cell_ID. And cell_ID has its relation with many other cell parameters, such as CRS pattern, sequence initialization and so on. As a result, subframe configuration is also preferred to be signaled explicitly. Usually these two parameters are informed together, similar to SRS subframe configuration in Rel-8. Therefore, it is suggested that duty cycle and subframe offset of CSI-RS are informed together by explicit signaling.
· Pattern index

Either explicit or implicit signaling can avoid inter-cell CSI-RS collision to some extent. But there is still limitation on pattern choice due to presence of relay and antenna port 5. Therefore, explicit method and hybrid method are suggested.
· CSI-RS on/off , number of CSI-RS ports, CSI-RS power

They should be signaled by explicit signaling.
In the following sections, signaling of subframe configuration and pattern index are investigated further.
3. Subframe configuration and signaling 
3.1. Duty cycle

The discussion on CSI-RS duty cycle is mainly focused on 10ms. However, requirement on CSI-RS period is different in different scenarios. For instance in moderate to high speed case, shorter period such as 2ms or 5ms is necessary. For low speed, longer period such as 20ms could also satisfy the requirement for measurement. Since low speed scenarios is optimization target in LTE-Advance, duty cycle could be configured as {2, 5, 10, 20} ms or {5, 10, 20, 40} ms.
3.2. Subframe offset in FDD and TDD system

Considering the locations of PBCH, sync signals, paging channel subframes {0, 4, 5, 9} are to be avoided for transmitting CSI-RS in FDD system [3].
However, in case of TDD frame structure, available DL subframes in some uplink-downlink configurations are scarce. Table 1 shows the number of available CSI-RS subframes for different UL/DL configurations. If both subframe 0 and subframe 5 are excluded for CSI-RS transmission, there is no available CSI-RS subframe in configuration 0 and there is only one available CSI-RS subframe in configuration 6, which limits CSI-RS periodicity. 
Table 1: The number of available CSI-RS subframes for different UL/DL configurations 
	UL/DL configuration
	number of available CSI-RS subframe

	
	without subframe 0 and 5
	with subframe 5
	with subframe 0 and 5 

	0
	0
	1
	2

	1
	2
	3
	4

	2
	4
	5
	6

	3
	4
	5
	6

	4
	5
	6
	7

	5
	6
	7
	8

	6
	1
	2
	3


Resource allocation in subframe 0 and subframe 5 within central 6 PRBs for TDD system are shown in Figure 1 and Figure 2. Comparing with the normal subframe, there are a few available resource elements in subframe 0 and remaining patterns can not avoid collision with port5, Figure 1. Comparing with subframe 0, in subframe 5 central 72 subcarries one symbol is used to transmit synchronization signal and there are enough resource elements to transmit CSI-RS, Figure 2. Moreover, pattern2 in Figure 4 and Figure 5 in appendix also could be configured. 
Observation: 
· Subframe 0 and subframe5 could also be considered for CSI-RS transmission in TDD system and subframe 5 is preferred.
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Figure 1 Resource allocation in subframe 0 within central 6 PRB
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Figure 2 Resource allocation in subframe 5 within central 6 PRB

3.3. Signaling for subframe configuration
Based on above discussions, some guidelines for CSI-RS subframe configuration are summarized as following:
· In order to avoid inter-cell collision, various subframe offset are necessary.
· For any uplink-downlink configuration in TDD mode, at least one subframe configuration is applicable.

· Space between CSI-RS could be different in some subframe configurations to adapt uplink-downlink configuration in TDD mode.
Table 2 and Table 3 show examples of subframe configuration.
Table 2 TDD CSI-RS subframe configuration
	SubframeConfiguration
	Duty cycle
	Subframe offset* 

	0
	2
	{5,7,9}

	1
	5
	{3,8}

	2
	5
	{4,9}

	3
	5
	{5,9}

	4
	10
	{4}

	5
	10
	 {6}

	6
	10
	{7}

	7
	10
	{8}

	8
	10
	{9}

	9
	10
	{5}

	10
	20
	{4}

	11
	20
	 {6}

	12
	20
	{7}

	13
	20
	{8}

	14
	20
	{9}

	15
	20
	{5}


*For SubframeConfiguration 0-3, subframe offset indicates CSI-RS subframes in one radio frame. For SubframeConfiguration 4-15, subframe offset indicates initial CSI-RS subframe offset.
Table 3 FDD CSI-RS subframe configuration
	SubframeConfiguration
	Duty cycle 
	Subframe offset* 

	0
	2
	{1}

	1
	5
	{1}

	2
	5
	{2}

	3
	5
	{3}

	4
	10
	{1} 

	5
	10
	{2}

	6
	10
	{3}

	7
	10
	{6}

	8
	10
	{7}

	9
	10
	{8}

	10
	20
	{1}

	11
	20
	{2}

	12
	20
	{3}

	13
	20
	{6}

	14
	20
	{7}

	15
	20
	{8}


*For all the SubframeConfigurations, subframe offset indicates initial CSI-RS subframe offset.
4. Signaling of pattern index 
There are some limitations on pattern choice due to presence of relay and port 5. Therefore, explicit signaling and hybrid signaling are more suitable.
· Method1: explicit signaling 
Explicit signaling makes pattern configuration flexible and does not demand other signaling, such as indication of port5 and relay. However, all pattern indices need to be indicated and signaling overhead may be large, especially for 2 ports CSI-RS. Figure 4 and Figure 5 in appendix show CSI-RS pattern. And referring to these figures, signaling overhead is analyzed in Table 4.
Table 4 Overhead of explicit signaling

	Number of ports
	Joint number
	Separate number*

	
	overhead
	
	overhead
	

	8
	3


	case1-8 for normal CP

case1-7 for extended CP
	3 
	Case1-5 for pattern1

Case1-3 for pattern2

	4
	4
	case1-16 for normal CP

case1-14 for extended CP
	4
	Case1-10 for pattern1

Case1-6 for pattern2

	2
	5
	case1-32 for normal CP

case1-28 for extended CP
	5
	Case1-20 for pattern1

Case1-12 for pattern2


          * Pattern number means maximum pattern number of normal CP and extended CP. 
Observation:
· Due to separate numbering needs another signaling bit to indicate pattern type, joint number of pattern1 and pattern2 is preferred in terms of signaling overhead.
· Method2: hybrid signaling
To some extent, hybrid signal makes pattern configuration flexible and reduce signaling overhead. However, there could be variety of hybrids, such as based on implicit signaling or explicit signaling. And pattern configuration flexibility and signaling overhead is different for different hybrid types. In the following, two typical hybrid signaling types are investigated.
Case1: implicit signaling based
This method is based on implicit signaling, for example, pattern index is tied to the cell ID. Explicit signaling bit could be introduced to indicate pattern 1 or pattern 2, and pattern1 and pattern 2 is numbered separately. Referring to Figure 4 and Figure 5, pattern index could be expressed as: 
In case of joint numbering of pattern 1 and pattern 2,
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In case of separate numbering of pattern 1 and pattern 2,
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Case2: explicit signaling based (nested signaling)
This method is based on explicit signaling and reduces signaling overhead according to nested structure of CSI-RS ports. 2 ports and 4 ports CSI-RS patterns nested in the same 8 ports CSI-RS could be considered as one group. Figure 3 shows an example. Different colors denote different groups and X denotes pattern index within one group. Group index could be signaled explicitly to make pattern choice flexible. Pattern index within group could be tied to cell_ID to reduce signaling overhead and keep the same signaling overhead for any number of CSI-RS ports. In addition, it can avoid CSI-RS collision of adjacent cells to some extent. It is noted that joint number of pattern1 and pattern2 is also preferred in this method.
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Figure 3 An example of nested signaling
Comparison of the above methods is shown in table 5:

Table 5 Comparison of different signaling 

	
	
	Flexibility
	Signaling overhead

	Explicit signaling
	
	High
Choose pattern freely
	Large 
At least 3/4/5 bits for 8/4/2 ports CSI-RS
Different overhead for different number of ports

	Hybrid signaling
	Implicit signaling based
	Low
Just choose pattern1 and pattern2 freely 
	Low
One bit to indicate pattern choice

	
	Explicit signaling based
	Medium
Choose pattern group freely
	Medium
  Three bits to indicate pattern group


Observation:
· To reduce overhead and complexity of signal, hybrid signaling is suggested.

· To guarantee enough flexibility of CSI-RS configuration, nested signaling is preferred.

5. Conclusions
In this contribution, we discuss the CSI-RS signaling design for LTE-A downlink transmission. Some observations on CSI-RS signaling design are as follows:  

· Signaling for CSI-RS

· Some parameters on CSI-RS need to be informed :CSI-RS on/off, number of CSI-RS ports, subframe configuration, pattern index and CSI-RS power;

· CSI-RS on/off, number of CSI-RS ports and CSI-RS power should be signaled explicitly.
· Subframe configuration and signaling

· {0, 4, 5, and 9} is excluded forFDD system;

· Subframe 0 and subframe5 can be considered for TDD system and subframe 5 is preferred.

· Signaling for pattern index

· To reduce overhead and complexity of signal, hybrid signaling is suggested.

· To guarantee enough flexibility of CSI-RS configuration, nested signaling is preferred.
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Figure 4 Joint numbering of pattern1 and pattern2 
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Figure 5 Separate numbering of patten1 and pattern2
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