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Summary

This contribution reviews the various alternatives proposed for the design and placement of the CSI-RS. After the discussion, three alternatives are identified.  While all three have potential merit, our preference is a solution where three symbols are available for CSI-RS in both normal and extended CP.
1 Introduction

In recent  RAN1 meetings, various aspects of Demodulation Reference Symbols (DM-RS) and Channel State Information Reference Symbols (CSI-RS)  have been widely discussed, and various proposals have been put forward for the design of these reference signals (e.g., [1] - [6], [8] - [10], [12], [13], [14], [16] - [21]).
In RAN1 #57 [23], the following way forward was agreed [7]:

· No mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE (for all possible number of antenna ports in the cell)
· For the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI RS for the given cell.
· 8 Rel-10 CSI RS can be configured for Rel-10 CSI measurements in a given cell
· For this case of Rel-10 CSI measurements, only the 8 Rel-10 CSI RS are used for the CSI measurements corresponding to the given cell 
Referring to the meeting minutes of RAN1#57b [24]:
With regard to CSI-RS use in normal and MBSFN subframes, the conclusion was:
· LTE-Advanced supports the Rel-10 PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS. 

· In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region. Same CP length is used for control and data. 

· Use of mixed CP lengths in control and data region is FSS

· Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8 

· CSI RS are punctured into the data region of normal/MBSFN subframes.

In RAN1 #58 [25], several documents were presented on the subject (e.g., [12], [13], [14], [16]) with no new agreements reached.  
This contribution examines the factors which will determine the number of symbols available for CSI-RS placement. These factors include:
· The placement of DM-RS 
· Maximum Size of Control Region
· Use of Port 5 OFDM Symbols for CSI-RS
· Impact of Extended CP Mode
· Support of Relay Backhaul Subframes
2  Discussion
General
The placement of both DM-RS and CSI-RS need to be determined, and these placements must accommodate 8 Tx antennas and maintain backward compatibility so that we support the requirement that it is possible to transmit cell-specific CSI-RS in Release 8 subframes.  Furthermore, from [24], it has been agreed that CSI RS are punctured into the data region of normal/MBSFN subframes; i.e. not in the control region. It is also generally agreed (e.g., [4], [6], [12], [14], [16], [19]) that these new RSs should not be placed in OFDM symbols used for the R8 CRS signals (for ports 0 to 3), or for the PBCH and SCH channels.  There are, however, a few areas in which agreement is needed in order to form a common baseline for evaluation of specific proposals:

· Maximum size of control region

· Placement of CSI-RS in OFDM symbols which could otherwise include R8 UE-specific DRSs used for antenna port 5

In addition, agreement must be reached on any special considerations required for extended CP or relay backhaul frames.

The effect of these decisions, along with a determination on the placement of DM-RSs, will be to determine the number of OFDM symbols which are available for placement of CSI-RSs.  
As described in the following section, CSI-RS placement could be limited to a single OFDM symbol.  However, the advantages of having multiple symbols available for CSI-RS placement include:

· Assignment of CSI-RS over multiple symbols should minimize the impact of R8 data transmissions which need to be punctured, since puncturing will be spread over several symbols instead of being concentrated in one symbol (results in [1] and [10] verify that with the same number of REs used for CSI-RS, performance is better when they are spread over multiple symbols).  

· Availability of multiple symbols in one subframe should minimize the total number of subframes needed for CSI-RS.  

· Availability of multiple symbols would allow some re-use between cells without requiring additional sub-frames (e.g., [19]).

· There will generally be more design choices available.

This contribution reviews the assumptions made in previous contributions and itemizes some decisions which need to be taken in order to form a common baseline.

Placement of DM Reference Signals
Figure 1 is constructed based on reference [26], figures 6.10.1.2-1, 6.10.1.2-2, 6.10.3.2-1, and 6.10.3.2-2. This figure shows the locations of the various R8 Reference Signals for both normal and extended cyclic prefix (CP).  The use of each symbol is summarized in Figure 2, from which it can be seen that in the case of normal CP there are seven symbols which are not in the control region (assuming the control region is limited to three symbols) and do not contain CRS (R0 to R3), and are thus available for DM‑RSs, while there are only five such symbols in the case of extended CP.  
It can also be seen that there are only three symbols in each mode which, in addition, do not contain UE specific DRS (R5), and so are potentially available for CSI-RSs under the most restrictive assumptions.
For normal cyclic prefix, Figure 2 indicates the baseline placement of DM-RS for R9 dual layer beamforming and R10 rank 1-2 transmission (as proposed by many companies in [22]; no baseline has been agreed on for extended CP).  Most suggested LTE‑A DM‑RS placements similarly use four of the potential DM-RS symbols, and leave only one symbol which does not contain any R8 CRS, DRS, or R10 DM-RS.  

At least two contributions ([4], [12]) have assumed that only one symbol is available for CSI‑RS placement with normal cyclic prefix.  However, other contributions (e.g., [2], [3], [5], [6], [9], [13], [19]) assume that two or three symbols are available for CSI-RS.
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Figure 1. Location of R8 Reference Signals
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Figure 2. Symbols Available for DM-RS

The remainder of this contribution examines some factors which will determine the number of symbols available for CSI-RS placement.  
Maximum Size of Control Region
Many contributions (e.g., [3], [6], [10], [13], [17], [18], [20], [21]) assume that the control region is limited to three OFDM symbols, and that the fourth symbol can be used for either DM-RS or CSI-RS, but this has not been explicitly agreed to. At least one contribution [11], however, states that the fourth symbol should not be used for DM-RS in order to allow for a fourth symbol in the control region. 
In [8], it was stated that since LTE-A deployment would most likely not include the 1.4 MHz bandwidth, the maximum size of the control region for LTE-A could be assumed to be three OFDM symbols, and we agree with this.  
In cases where the system BW is 1.4 MHz and a four-symbol control region would be required to support all of the intended users in a particular subframe, various options are available:

· Fewer UEs can be scheduled in that subframe, allowing the control region to be reduced to three symbols.  If the fourth symbol is only used by CSI-RS, this would occur infrequently.

· If the fourth symbol is to be used by DM-RS, then operation in that subframe can be restricted to R8/R9 modes, so that no DM-RS are required (a similar restriction is used in Release 8, where transmissions based on port 5 RSs, some of which use the fourth symbol, are not supported whenever four symbols are used for the PDCCH [27]).  

CSI-RSs are sparse in time and are only required when the eNB has eight (or possibly four) Tx antennas.  It therefore seems reasonable to allow placement of at least CSI-RSs in the fourth symbol.  
Use of Port 5 OFDM Symbols for CSI-RS

Unlike DM-RS, CSI-RS is not necessarily mutually exclusive with R8 DRS for Port 5.  Therefore, there needs to be an agreement on whether or not CSI-RS signals can use symbols which might otherwise be used for R8 Port 5 RSs.  As stated above, many contributions suggest using more than one symbol for CSI-RS placement, and doing so requires allowing the CSI-RS to be placed in symbols which might be used for Port 5 RSs.  
Since CSI-RSs are sparse in time, and since R8 DRS are not always used (they are an optional feature in R8, and may not always be scheduled), potential conflicts should be rare and easily avoided by the eNB scheduler.  
Extended CP Mode

It can be seen in Figure 2 that fewer OFDM symbols are available for new R10 RS placement in the extended CP mode than in normal CP mode.  Thus, even if three OFDM symbols are available in the normal CP mode, we may still only have one symbol available in the extended CP mode.
In the LTE-A-only mode (MBSFN subframes), there are additional symbols available because R8 CRS (ports 0-3) are only transmitted in the first two symbols of the subframe.

In subframes shared by R8/R9 and R10 transmissions, however, if four symbols are used for R10 DM‑RS, then only one symbol would be available for CSI-RS.  This can be compensated for by scheduling restrictions (e.g., only send CSI-RS in MBSFN subframes in the cases of extended CP), or by allowing both CSI-RS and R8 CRS in the same symbol(s), in a similar fashion as in R8, where DRS and CRS share the second symbol in odd-numbered slots.
Support of Relay Backhaul Subframes

In [16] it was suggested that OFDM symbols which can potentially be used as a guard period in relay backhaul subframes should not be used for CSI-RS.

Relay backhaul subframes require guard periods to allow the RN to switch between transmit and receive near the beginning and the end of these subframes:

· At the beginning of the relay backhaul subframe, the Relay Node (RN) is transmitting to its UEs during the control period, and then must switch to be able to receive data from the donor NodeB during the remainder of the subframe.

· In the context of DL MIMO or COMP, the CSI-RS cannot be located in the first three symbols, because in a normal subframe, up to 3 symbols can be allocated to the Control Region. However, a Relay Backhaul transmission will always use DL MBSFN reserved subframes, where the number of symbols in the Control Region is fixed to 2  (or 1 in few exceptional cases). 

· Therefore, Tx-to-Rx switching by the RN will happen in the 3rd symbol (latest), and a CSI-RS can be sent in principle starting on the 4th symbol, which is in line with current design assumptions. This holds as long as the Tx/Rx or Rx/Tx switching time is not more than 1 symbol.  

· At the end of the relay backhaul subframe, the RN must switch from receiving data from the donor NodeB during this subframe to being able to transmit data to its UEs during the following subframe (transmission during the control period may be required for an ACK/NACK indication even if no data is sent to the UE).

Since it is very likely that the last symbol of a subframe will be used for DM-RS ([22]), it is unlikely that this symbol would be available for CSI-RS in any case.  However, since CSI-RS are sparse in time, if the cell supports relays it should be simple either to schedule relay backhaul in subframes not used by CSI-RS or to skip the CSI-RS transmissions in relay backhaul subframes.
3 Conclusions 
In order to form a common baseline for evaluation of proposals for CSI-RS placement, the maximum number of symbols available for these signals should be agreed. The possibilities are:

1. Only one OFDM symbol is available for CSI-RS.  The specific symbol to be used depends on the definition of the DM-RS pattern.

2. Three symbols are available for CSI-RS in normal CP, one symbol in extended CP.  This implies:

a. CSI-RS are allowed in symbols which might otherwise contain R8 DRS. 
b. Special consideration needs to be give to systems with a 1.4 MHz bandwidth when four control symbols would otherwise be used in subframes containing CSI-RS.  This only applies for eNBs using eight (or possibly four) Tx antennas.
3. Three symbols are available for CSI-RS in both normal and extended CP.  This implies:

a. CSI-RS are allowed in symbols which might otherwise contain R8 DRS. 

b. Special consideration needs to be give to systems with a 1.4 MHz bandwidth when four control symbols would otherwise be used in subframes containing CSI-RS.  This only applies for eNBs using eight (or possibly four) Tx antennas.
c. For extended CP, either CSI-RS must be limited to MBSFN subframes, or CSI-RS and R8 CRS must be multiplexed in the same symbol(s).

In order to maximize performance without incurring penalties for unusual conditions, our preference is alternative 3 above.
Furthermore, it is proposed that CSI-RS not be disallowed in the last OFDM symbol of a subframe merely because of the potential presence of a guard symbol in relay backhaul subframes in this location.
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