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1 Introduction
In this contribution we discuss aspects two aspects related to transmit diversity schemes for LTE-A UEs. 

· Rate matching for SFBC / SFBC-FSTD PDSCH transmission around CSI-RS and muted REs

· Need for transmit diversity scheme on MBSFN subframes.

It should be noted that there has been no agreements so far on support for such schemes for LTE-A UEs.

2 CSI-RS and Muting 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, 1 or 2 CRS ports)
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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, 1 or 2 CRS ports)
To enable deeper penetration of CSI-RS for use in HetNet and CoMP, in RAN1#62bis, it was agreed that muting will be supported in Release 10. To reduce signalling overhead it was agreed that muting will be in groups of 4 REs using the 4 CSI-RS port pattern. Specifically, it was agreed that the intra-subframe location of muted resource elements will be indicated by a 16-bit bitmap where each bit corresponds to a 4-port CSI-RS configuration. All REs used in a 4-port CSI-RS configuration corresponding to a bit that is set to 1 are muted (zero power assumed at UE), except for the CSI-RS REs if they belong to this CSI-RS configuration. 
3 Rate matching around CSI-RS and Muted REs

In previous meetings it has been agreed that data for LTE-A UEs will be rate matched around the CSI-RS and muted 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 and/or muted REs is not a multiple of 2 or 4 since SFBC and SFBC-FSTD operate on groups of 2 and 4 REs respectively. 
In Table 1, we identify the combination of CSI-RS and CRS ports that lead to such cases after which we propose some mapping schemes for these cases. As mentioned before, similar orphan REs are created due to muting. A similar issue was also identified for rate matching R-PDCCH around CSI-RS tones for relays [2].  

Table 1: Orphan REs in Rate Matching for TxD

	CRS Ports
	Transmit Diversity Scheme
	CSI-RS Ports
	Rate matching issues on CSI-RS Symbols

	1
	Rank 1 Transmission
	1, 2, 4, 8
	No Issues

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

	
	
	4
	10 available data REs. No issues. 

	
	
	8
	8 available data REs. No issues.

	4
	SFBC-FSTD
	1,2
	11 available data REs. 2 SFBC-FSTD pairs, 3 orphan data REs.

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

	
	
	8
	8 available data REs. No issues.


In [3] we presented two approaches of solving the problems without wasting any resources

1. Using SFBC and SFBC-FSTD with special transmission on orphan REs such as transmitting modulation symbols using just one of the antennas for the orphan RE. In case of SFBC-FSTD we accommodate as many SFBC pairs as we can and use single antenna port transmission for the remaining RE. A similar approach was proposed in [5] but they proposed not using the orphan RE. It should be noted that with muting this could lead to use of SFBC over REs that are separated by more than 1 RE in frequency. This differs from Rel 8/9, where, due to the structure of CRS, the alamouti coding for SFBC/SFBC-FSTD always occurs in pairs of REs that are contiguous or separated by one RE. 
2. Using STBC and STBC-FSTD. Cleaner solution, especially when also considering muting but may increase UE complexity since with STBC the UE has to use received signal from two different OFDM symbols to demodulate. 

An alternate solution proposed in [2] performs the interleaving assuming that 8 CSI-RS tones are present always leading to some REs being wasted for 2/4 CSI-RS ports but simplifies the interleaver design. For 2 CRS port and 1/2/4 CSI-RS ports the loss could be mitigated by assuming that 4 CSI-RS REs are used instead of 8 CSI-RS as shown in table below. 

Table 2: Assumption on the #CSI-RS ports

	1 CRS port
	No wasted REs

	2 CRS ports
	Assume 4 CSI-RS REs are used. 
2 wasted REs in case of 1 or 2 CSI-RS ports

	4 CRS ports
	Assume 8 CSI-RS REs are used always.
 4 wasted REs for 4 CSI-RS ports.
 6 wasted REs for 1 or 2 CSI-RS ports  


Extending such an approach to rate match around muted REs leads to a further increase in the number of wasted resources for 4 CRS ports case. Due to the wasted resources, the grouping of CSI-RS REs for SFBC mapping purposes as discussed above is not a preferred solution. Note that while for the R-PDCCH, mini-CCE level mapping is desired, the same doesn’t necessarily hold for the PDSCH.  

4 Support of Transmit Diversity Schemes on MBSFN Subframes

Support for PDSCH transmission on MBSFN subframes using UE-RS has been agreed. However, there has been no agreement so far on support of transmit diversity schemes on MBSFN subframes. Transmit diversity is used as the fallback scheme in Release 8 and is also used to achieve better performance for UEs with high doppler. However, we propose not supporting CRS based transmit diversity schemes on MBSFN subframes due to the following reasons.

· MBSFN subframes are not well suited for CRS based transmit diversity schemes supported in Release 8 such as SFBC/ SFBC-FSTD due to the absence of CRS in the PDSCH region. The impact of lack of CRS is more pronounced for UEs with moderate and high doppler which is an important use case for this mode. 
· Since subframes 0,4,5,9 in FDD and 0,1,5,6 in TDD cannot be configures as MBSFN, there are a sufficient number of non MBSFN subframes to schedule UEs in fallback mode. 

· For high doppler UEs requiring the use of such schemes, the eNodeB could use non MBSFN subframes or use UE-RS based transmit diversity schemes such as open-loop beamforming [6]. 

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. We proposed to pick the rate matching from one of the following two approaches.
· SFBC/ SFBC-FSTD with special orphan REs handling

· STBC / STBC-FSTD
We also proposed that CRS based transmit diversity schemes should not be supported on MBSFN subframes.  
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