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1 Introduction
In this contribution we discuss 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. 
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)
[image: image3.emf]0 1 2 3 4 5 6 7 8 91011

0 1

0 1

0 1 0 1

2 3

2 3

2 3 2 3

0 1

0 1

0 1 0 1

2 3

2 3

2 3 2 3

Extended CP w/o port5, 0 1 2 3 4 5 6 7 8 91011

0 1

0 1

0 1 0 1

0 1

0 1

0 1 0 1

0 1

0 1

0 1 0 1

0 1

0 1

0 1 0 1

Extended CP w/o port5, 0 1 2 3 4 5 6 7 8 91011

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,


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 and reduce the number of configurations it was agreed that muting will be in groups of 4 REs corresponding to 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. Similar orphan REs are created due to muting for the 4 CRS port cases. This problem 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.


This issue was considered in RAN1#63 where the following solutions were considered

1. Use rate matching as currently defined in the specification.
2. Rate match around the orphan REs [4].
Solution 1 avoids wasting any resources but it could lead to situations where REs that are part of an SFBC pair are separated by several RBs. This would result in UEs observing substantially different channel and interference conditions on the two REs comprising such SFBC pairs and may necessitate implementation of advanced receivers at UEs for SFBC decoding which are otherwise not required. These REs may also be on different OFDM symbols which could significantly increases testing and implementation effort of UEs as they may be processing one OFDM symbol at a time.

In addition to the implementation concerns noted above for the UE, for the 4 CRS ports case, using the orphan REs could result in power imbalance at the eNodeB. For example, for 4 CRS ports and 4 CSI-RS ports, there are 2 orphan REs on each of the OFDM symbol containing CSI-RS. For data allocation with an odd number of RBs antenna ports (0,2) will  be used more often than antenna port (1,3) on the first OFDM symbol containing CSI-RS and vice versa for the 2nd OFDM symbol containing CSI-RS. 

Two alternatives could be considered for implementing solution 2

Alternative A: Orphan REs are identified per OFDM symbol

· UE rate matches around CSI-RS REs, muted REs and identified orphan REs. There is at most one orphan RE per OFDM symbol for 2 CRS ports and there are up to 3 orphan REs per OFDM symbol for 4 CRS ports.
· For 4 CRS ports we could still limit to 1 orphan RE per OFDM symbol accommodating as many SFBC pairs as we could but this would lead to power imbalance especially when several UEs are scheduled with small allocations. 
Alternative B: Orphan REs are identified per RB
· For 2 CRS ports and 1 and 2 CSI-RS ports UE rate matches around the corresponding 4 CSI-RS port pattern.
· For 4 CRS ports and 1/2/4 CSI-RS ports / symbols with muting UE rate matches around the corresponding 8 CSI-RS port pattern. 

· Optimization is possible when muted REs and CSI-RS are present on the same OFDM symbols.

· Like in Alternative A we could limit to one orphan RE per RB per symbol which would lead to power imbalance. 

Alternative A avoids having SFBC pairs spanning different OFDM symbols and has few wasted REs in cases when UEs are scheduled multiple RBs.

Alternative B reduces the number of configurations of usable data REs and avoids SFBC pairs spanning different RBs are hence reduces the implementation and testing complexity at UE. However, it mutes a larger number of REs when compared with Alternative A. It should be noted that similar solutions were adopted to simplify relay implementation during R-PDCCH design and in design of muting when it was decided that muting will be in groups of 4 REs to reduce the available data RE configurations.  It should also be noted that there is no loss for some of the key configurations such as 2 CRS ports with 4 and 8 CSI-RS ports. 
In both these alternatives, to mitigate the power imbalance problem when 4 CRS ports are used and when the number of orphan REs is limited to one RE per RB or one RE per OFDM symbol, the antenna ports used for SFBC-FSTD pair could be switched based on the first RB allocated to the UE. For example, if the first RB index is even,  antenna ports 0 and 2 could be used for first SFBC pair and antenna ports 1 and 3 could be used for the second and so on, and vice versa if the first RB index is odd. 

We feel it is important that the chosen rate matching scheme avoids having REs forming an SFBC pairs spanning different OFDM symbols. The two alternatives meet this requirement and provide a further trade-off between complexity and overhead. We propose choosing one of these alternatives as the rate matching scheme for Release 10. 
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 configured 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 [5]. 

5 Conclusion

In this contribution we considered the issue of rate matching for transmit diversity schemes (SFBC and SFBC-FSTD) on subframes containing CSI-RS and muted REs. We noted that rate matching around the CSI-RS and muted REs alone could lead to power imbalance at eNB and increased implementation complexity at UE due to REs in SFBC pair being separated by several RBs and possibly on different OFDM symbols that may have very different channel and interference conditions. We proposed rate matching around orphan REs in addition to the CSI-RS and muted REs to mitigate this problem. We identified two alternatives that trade-off overhead with complexity and proposed that one of these alternatives be adopted for rate matching of TxD schemes on subframes with CSI-RS/muting in Rel 10. 
On a different topic, we proposed that CRS based transmit diversity schemes should not be supported on MBSFN subframes and proposed using UE-RS based open-loop beamforming scheme for supporting UEs with high doppler on MBSFN subframes.
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