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1 Introduction
Significant progress was made in RAN1#61bis on CSI-RS pattern design where the CSI-RS patterns for Normal CP and Extended CP were agreed [1]. In previous meetings it has been agreed that data for LTE-A users will be rate matched around the CSI-RS REs. In this contribution we discuss aspects related to rate matching around CSI-RS for transmit diversity schemes such as SFBC and SFBC-FSTD. It should be noted that there has been no discussion so far on support for such schemes for LTE-A UEs.
2 CSI-RS Patterns
The following patterns for CSI-RS were agreed in RAN1#61bis. 
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Fig. 1 CSI-RS pattern Normal CP (FS 1 and FS 2)
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Fig. 2 Additional CSI-RS pattern Normal CP (FS 2)
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Fig. 3 CSI-RS pattern Extended CP (FS 1 and FS 2)
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Fig. 4 Additional CSI-RS pattern Extended CP (FS 2)
In previous meetings it has been agreed that data for LTE-A UEs will be rate matched around the CSI-RS REs. In most cases the rate matching can be performed as in Release 8 where all available data REs are identified and data is transmitted on the available REs ordered in frequency followed by time. However, the rate matching is not straightforward for transmit diversity schemes such as SFBC and SFBC-FSTD when the number of available data REs within an RB on OFDM symbols containing CSI-RS is not a multiple of 2 or 4 since SFBC and SFBC-FSTD operate on groups of 2 and 4 REs respectively. In the table below we identify the combination of CSI-RS and CRS ports that lead to such cases and in the next section we propose some mapping schemes for these cases. 
	CRS Ports
	Transmit Diversity Scheme
	CSI-RS Ports
	Preference on support
	Rate matching issues on CSI-RS Symbols

	1
	Rank 1 Transmission
	2, 4, 8
	Not supported due to impact of reduced #CRS on control performance
	No Issues

	2
	SFBC
	2
	Supported
	11 available data REs. 5 SFBC pairs + 1 orphan data RE.

	
	
	4
	Supported
	10 available data REs. No issues. 

	
	
	8
	Supported
	8 available data REs. No issues.

	4
	SFBC-FSTD
	2
	Not Supported. Need for #CSIRS < #CRS not clear.
	11 available data REs. 2 SFBC-FSTD pairs, 3 orphan data REs.

	
	
	4
	Supported
	10 available data REs. 2 SFBC-FSTD pairs + 2 orphan REs.

	
	
	8
	Supported
	8 available data REs. No issues.


3 SFBC Mapping Proposal
3.1
2 CRS Ports and 2 CSI-RS Ports

For symbols that do not contain CSI-RS Release 8 mapping scheme are used. For symbols containing CSI-RS there are 11 available REs. We propose that the first 10 available REs are used for 5 SFBC pairs. For the remaining RE (orphan RE) we propose the following

· On the orphan RE only one modulation symbol is transmitted and from only one CRS antenna port. 
· There are 2 symbols containing CSI-RS that have the orphan RE. The CRS antenna port used within an RB on the two OFDM symbols containing CSI-RS are different.

· The antenna port used for the orphan REs on OFDM symbol containing CSI-RS switches across RBs. This ensures that both CRS antenna ports are used nearly equally when multiple RBs are used for the SFBC transmission. 
One approach to meet the above conditions is to use the following mapping scheme. For first CSI-RS symbols, antenna port 0 is used on even RBs and antenna port 1 is used for odd RBs. For second CSI-RS symbols, antenna port 0 is used on odd RBs and antenna port 1 is used on even RBs. The mapping scheme for this case is shown in the left half of Fig. 5. Only the two symbols containing CSI-RS are shown.
3.2
4 CRS Ports and 4 CSI-RS Ports

Like before, for symbols that do not contain CSI-RS Release 8 mapping scheme is used. For symbols containing CSI-RS there are 10 available REs. We propose using the first 8 available REs to accommodate 2 SFBC-FSTD pairs. For the remaining 2REs, we propose the following

· On the 2 orphan REs we use SFBC transmission scheme using two CRS antenna ports. 

· The CRS antenna ports used for the orphan REs within an RB on the two OFDM symbols containing CSI-RS are different. That is if we use antenna ports (0, 2) for the orphan REs on the first CSI-RS symbol, we use antenna ports (1, 3) for the orphan REs on the second CSI-RS symbol.
· The antenna ports used for the orphan REs switch across RBs. This ensures that all 4 CRS antenna ports are used nearly equally when multiple RBs are used for the SFBC transmission. 

One approach to meet the above conditions is to use the following mapping scheme. For first CSI-RS symbols, antenna ports (0, 2) are used on even RBs and antenna ports (1, 3) are used for odd RBs. For second CSI-RS symbols, antenna ports (0, 2) are used on odd RBs and antenna ports (1, 3) are used on even RBs. The mapping scheme for this case is shown in the right half of Fig. 5.
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Fig. 5 Rate Matching around CSI-RS with antenna port switch across CSI-RS symbols and across RBs

4 Muting

Several contributions ([2], [3] for example) have noted that muting REs that contain CSI-RS of neighboring cells improves the CSI-RS channel estimation quality of neighboring cells for CoMP and HetNet scenarios. Further study is currently in progress to see if these translate to system performance gains. In previous meetings it has also been noted that the impact of muting on LTE-A users is significant if they aren’t informed about it [4-8]. It is hence desirable  that LTE-A UEs are informed about the muting and the data for LTE-A UEs is rate matched around the muted REs. Using the rate matching technique described before to rate match around muted and CSI-RS tones could lead to situations where SFBC is performed over tones which are more than two tones apart. An example is shown in the left half of Fig. 6. In such cases, the frequency selectivity of the channel could affect the performance of the SFBC scheme. 
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Fig. 6 SFBC on tones separated by more than 1 RE

For the example in Fig. 6, the tones for which a suitable paired RE cannot be found can be treated as orphan REs. Note that we could have such orphan REs for 2 CRS ports even if the number of available data REs is even (right half of Fig. 6). The scheme described before can then be applied to these orphan REs. That is, if there are one or more orphan REs that cannot be paired for SFBC, only one modulation symbol is transmitted on each orphan RE using only one antenna port.  The antenna port used changes across RBs. A further optimization where the antenna ports changes for different orphan REs on the same OFDM symbol within an RB can also be considered.  However, the mapping complexity is increased and depends on the exact combination of CRS, CSI-RS, and muted REs. Similarly for 4CRS when the number of accommodated SFBC pairs is not a multiple of 2, the antenna ports used for the unpaired SFBC can be switched across RBs. 
In case the specification supports muting, an alternate scheme that employs STBC and STBC-FSTD for 2 and 4 CRS antenna ports respectively on the symbols containing CSI-RS / muted tones could be considered. It would continue to use SFBC and SFBC-FSTD on other symbols. For STBC-FSTD antenna ports alternate between (0, 2) and (1, 3) on the available REs. To ensure equal utilization of all antenna ports, for 4 CRS antenna ports, one option is to fix the antenna ports used for STBC on the first available RE of even RBs to (0, 2) and on first available RE of odd RBs to (1, 3). An example demonstrating the rate matching scheme for STBC and STBC-FSTD is shown in Fig. 7.
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Fig. 7 Rate matching using STBC and STBC-FSTD
5 Conclusion

In this contribution we considered the issue of rate matching around CSI-RS and muted tones (if agreed) for transmit diversity schemes such as SFBC and SFBC-FSTD. 
For case with CSI-RS transmission and no muting we found that there are orphan REs for two cases 
a) 2 CSI-RS and 2 CRS and 
b) 4 CSI-RS and 4 CRS. 
We proposed using single antenna port transmission (for 2 CRS) / SFBC transmission (for 4 CRS) for the orphan REs where the antenna ports switch across RBs and across OFDM symbols. 
We also considered extensions of this scheme if rate matching around muted REs is required.  
Finally we proposed an alternative scheme employing STBC and STBC-FSTD on the symbols containing CSI-RS / muted tones that avoids using the SFBC scheme over tones that are separated by two or more tones in frequency, has nearly equal utilization of all CRS antenna ports, and is a simple mapping scheme that works for all combinations of CRS, CSI-RS, and muting patterns.
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