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1 Introduction

When Release 8 transmit diversity schemes are used in combination with CSI-RS, PDSCH data is rate matched around CSI-RS REs. The problem of the “orphan” RE arises in conjunction with CSI-RS, where the number of free REs is not even. The main problem encountered when this happens is that some modulation symbols belonging to the same SFBC block are allocated to non-consecutive subcarriers, which distorts the code orthogonality.
2 Discussion
2.1 Problematic cases
The “orphan” RE problem was identified and described in a couple of contributions from RAN1 meeting #63 [1], [2]. The cases of CSI-RS for one or two antenna ports result in an odd number of data REs per RB in the OFDM symbols carrying CSI-RS, leaving a so-called orphan RE if transmit diversity based on SFBC is employed. Following the current specs will lead to transmitting the first symbol of a SFBC block in the orphan RE, and the second symbol of that SFBC block in the next RB allocated to that UE (or in the next OFDM symbol in case we are at the last allocated RB in frequency). If the next RB in frequency is not allocated to the same UE, this will introduce a frequency gap of at least 10 REs which means the SFBC code is no longer orthogonal. 
The problem is illustrated in Figure 1, for the case of one allocated RB in frequency, which results in one SFBC block (s11, s12) spanning two different OFDM symbols. Needless to say, optimal decoding of such a split SFBC block involves extra complexity that should be avoided. Non-contiguous resource allocation may lead to further problems since SFBC splitting may occur as often as every other allocated RB in the worst case of allocating every other RB to the same UE.
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Figure 1
 The problem of the orphan RE
In addition to the mentioned case there are additional cases, where due to the muting of CSI-RS configurations, in addition to the REs being used by CSI-RS, a gap is introduced between symbols of the same SFBC code. This gap is in most of the cases smaller than in the first case, but potentially large enough to distort the code’s orthogonality, especially under high delay spread channel conditions. An example of one of these cases is shown in Figure 2, where there is a frequency gap of 3 REs.
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Figure 2
 Example of SFBC with non-consecutive allocation when muting is applied.
2.2 Possible solutions

2.2.1 CSI-RS subframes
Two solutions (named alternative 2 and 3 in Figure 3) are listed, as an alternative to current specs (named alternative 1 in the same figure). These solutions are presented in RAN1 meeting #63 Chairman’s notes, where it is also stated that companies can give their views on the different solutions until RAN1 meeting #63bis. 
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Figure 3
 Current specs and two alternative solutions

The alternative solutions are exemplified for the case of CSI-RS for 2 antenna-ports, no muting, and 1 RB allocated in frequency, which causes the same SFBC block to span two OFDM symbols when following current specs.
1. Current Spec: Keeping current specs suffers from the problem initially described in this contribution. It leads to a large frequency gap of at least 10 REs between symbols of the same SFBC, thus distorting the code orthogonality. Such a loss makes decoding complicated and in practice, the UE would probably choose to skip decoding the affected SFBC blocks. This would however have the effect of puncturing (similar to Alternative 3) which could for some particular distributed resource allocations and high code rates have a negative impact on the performance.
2. Rate matching: Here we simply mute the orphan REs, which avoids the problem faced in the first alternative. Even though we increase the overhead, no SFBC block is lost in this case, and therefore the performance degradation at high code rates is avoided.
3. Puncturing: Here we skip the transmission of one or more symbols of a SFBC codeblock affected by the orphan RE. The puncturing is done after rate matching, and therefore it has the same consequences as alternative 1, assuming that the UE in practice also in this case chooses to skip decoding the split SFBC blocks.
Out of these alternatives, Alternative 2 seems preferable, since the current specs and Alternative 3 could increase the BLER of the TB where the problematic SFBC block is transmitted, especially for high code rates. 
In order to minimize the overhead, an orphan RE can be handled at the last RB of every contiguous resource allocation island having an odd number of RBs, instead of being handled at every allocated RB. This saves overhead when the UE is allocated large islands of contiguous RBs, while having a potential disadvantage of allowing that some SFBC blocks span two different RBs, which may be undesirable from an implementation perspective. 
Candidate solutions
· In case a solution other than following the current specs is chosen, the solution can be used either at every allocated RB or at the last RB of every resource allocation island with an odd number of allocated RBs.
It is also worth mentioning that when considering Alternative 2, the power which is left due to the muting of orphan REs should not be used for power boosting other REs; this would hardly improve the performance at the cost of increasing the fluctuation of interference to other UEs and extra complexity.

The orphan RE issue is strongly related to implementation complexity and as such it is desirable that if the issue is decided to be handled by changing the specifications, the solution should cover all problematic cases and not only a subset of them. 
Proposal
· Any solution other than keeping the current specifications should cover all problematic cases, including the case of CSI-RS subframes in non-contiguous allocated RBs and SFBC splitting due to CSI-RS muting.
2.2.2 CSI-RS subframes with muting
When considering muting in addition to CSI-RS, the number of possible cases to solve becomes large. This makes it difficult to come up with a clean solution similar to the case without muting. A possible solution for these cases is not sending any data at all in OFDM symbols carrying muted CSI-RS when SFBC based transmission is used. Depending on the amount of muting, this may significantly increase the overhead, but simplifies for the UE since it doesn’t have to deal with problematic SFBC blocks with frequency gaps between their symbols. 
Candidate solution
· Avoid sending any data using SFBC in OFDM symbols where CSI-RS muting is used.
3 Conclusion
According to the discussion in this contribution, we propose that

· Any solution other than keeping the current specifications should cover all problematic cases, including the case of CSI-RS subframes in non-contiguous allocated RBs and SFBC splitting due to CSI-RS muting.

Potential candidate solutions in case the problem is decided to be addressed include
· Muting and puncturing can be used either at every allocated RB or at the last RB of every resource allocation island having an odd number of allocated RBs.

· Avoid sending any data using SFBC in OFDM symbols where CSI-RS muting is used.
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