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1
Introduction

In RAN1#63, the orphan RE issue was discussed [1]

 REF _Ref280339938 \r \h 
[2]. In a nutshell, the problem pertains to the case when the number of REs per OFDM symbol transmitted with SFBC or SFBC-FSTD is not divisible by 2 due to PDSCH rate matching around CSI-RS. It can be noted that the issue exists only for CSI-RS configurations with one or two CSI-RS ports as otherwise the number of REs available for PDSCH in each OFDM symbol is divisible by 2. In case the number of REs per OFDM symbol is odd two effects can be observed:

1)
One SFBC code will span the whole allocation bandwidth which destroys the SFBC code orthogonality;

2)
One SFBC code will span across 2 OFDM symbols which negatively impacts UE pipeline processing.

It can be noted that a similar problem of layer mapping for transmit diversity was spotted in Rel-8 [3] when in some subframes the number of REs with SFBC-FSTD transmission is not divisible by 4. In Rel-8, a simple padding solution was used to solve the problem [4].
While there was no conclusion on the topic in RAN1#63, three different alternatives to solve the issue were presented. In this contribution we discuss this issue further and give our recommendation on the way forward.

2
Discussion
The problem happens in the following case:

· Number of CSI-RS ports is one or two;

· No muting pattern is configured (on top of CSI-RS);

· UE is scheduled in CSI-RS subframe with transmit diversity, either with 2Tx (SFBC) or 4Tx (SFBC-FSTD);
· The number of allocated PRBs is uneven;
· The PDSCH is rate matched around CSI-RS: the UE is aware of the CSI-RS presence, i.e. informed via higher layers about the CSI-RS configuration.

Clearly, this can be considered a corner case: typically the Release-10 UE informed about CSI-RS would also be scheduled with DCI format 2C and hence URS, and Tx diversity is mainly used as a fallback mode. The problem only happens in case of one or two CSI-RS ports which may not be most typical CSI-RS. Also the number of allocated PRBs has to be uneven. Furthermore, the eNB can always avoid the problem by scheduling an even number of PRBs to the UE (always possible with DCI format 1A), or by relying on standard-transparent URS-based Tx diversity as fallback, scheduled with DCI format 2C. 
Observation: The orphan RE problem happens only in a corner case which could be avoided by eNB implementation.

However, since there is a possibility for this issue to happen, also this corner case still needs to be taken into account in UE implementation. As it is explained later, in UE implementations this causes unnecessary complications which, considering the nature of the problem, could and should be avoided. As observed, the problem presents a corner case and hence specifying a solution to aid UE implementation should not be any issue.

Observation: The orphan RE problem still needs to be taken into account in UE implementation.

The three alternative solutions discussed in RAN1#63 on the issue are illustrated in Figure 1.
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Figure 1. The three alternatives for the orphan RE issue discussed in RAN1#63 [3].
· Alt1: No specification changes: If no spec changes are done, as illustrated in the above figure, two SFBC blocks per CSI-RS subframe will be cut into two OFDM symbols. From UE point of view, handling with the situation would require either 1) special processing of the “broken” SFBC blocks, or 2) skipping these SFBC blocks and inserting neutral soft bit values to channel decoding process. The first approach is clearly not desirable as such processing would also hurt the natural UE pipeline processing of one OFDM symbol at a time. Also the second approach would require special handling of allocations in CSI-RS subframes in these cases. Again in the light of the fact that we are dealing with unlikely corner cases, requiring such special implementation does not seem justified. Obviously the second approach also incurs some small loss at high code rates.
· Alt2: Rate matching: As illustrated, in this case the last RE in the allocated PRBs in CSI-RS symbols is muted when the problem occurs, and PDSCH transmissions are rate matched around it. This basically evens the number of REs such that no SFBC blocks are broken. This seems clearly the cleanest solution as it avoids any special processing at UE side – in fact Release 8 –like PDSCH decoding process is applicable. It is emphasized that indeed the location of the unused RE would be known by the UE, e.g. the last RE of the symbol within the PRB allocation.
· Alt3: Puncturing: In this case the last SFBC blocks are simply punctured, i.e. the other RE is not transmitted at all. Since also Alt1 can be implemented by inserting neutral soft bits into the decoding process in place of the broken SFBC blocks, it does not seem like Alt3 would even fix the problem, or at least provide any clear benefit over Alt1.
As mentioned, in case of Alt1 and Alt3, the UE will have to insert neutral soft bits to the channel decoding process in place of the bits corresponding to the broken SFBC blocks. At high code rate this will obviously impact performance. Link simulations were run to quantify the performance differences, see Appendix A for the results and Appendix B for the simulation assumptions. As expected, performance-wise there is only a minor difference of up to 0.5 dB in favour of Alt2 at high code rates as shown in Figure 4 in Appendix A.
While the performance may not be a big reason to go for Alt2, clearly the UE implementation impacts of Alt1 and Alt3 should be avoided, therefore our preference would be to specify Alt2.
Proposal: Adopt Alt2.

3
Conclusions
Orphan RE problem presents an unlikely corner case for which UE should not be mandated to implement any kind of special processing. Therefore we have proposed to adopt Alternative 2 (rate matching), i.e. leaving one RE unused whenever the problem occurs.
Proposal: Adopt Alt2.

Indeed our preferred solution would maintain the channel decoding process as it is and not require changes due to the orphan RE problem. However we are open to the exact solution as long as this condition is fulfilled. For example the following approach would be also fine: 
Alternative proposal: Whenever the orphan RE problem occurs, UE may skip decoding the transport block. 
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Appendix A – Link simulations
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Figure 2. Performance of the three alternatives at coding rate 1/3.
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Figure 3. Performance of the three alternatives at coding rate 2/3.
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Figure 4. Performance of the three alternatives at coding rate 5/6. The maximum difference is around 0.5 dB.
Appendix B – Simulation assumptions

Table 1 Simulation assumptions
	Parameter description
	Value / Comment

	Transmission bandwidth, carrier freq.
	5 MHz, 2 GHz

	Channel model, UE velocity
	SCM UMa channel, 3kmph

	Antenna configuration
	2 Tx / 2 Rx antennas, XP

	Detector
	MMSE receiver

	PDCCH/PDSCH configuration
	3/11 OFDM symbols per subframe

	Number of allocated PRBs
	1 PRB scheduled (maximizes the RE orphan effect)

	Available REs, Modulation, code rates
	118 REs (after removing CRS and CSI-RS), the code rate is calculated for each scheme using the 118RE assumption, meaning that in each orphan alternative, the number of payload bits is the same (for a fair comparison)

	Channel estimation for demodulation
	Realistic channel estimation over Rel-8 2Tx CRS

	Overhead
	2 CSI-RS as overhead (causing the orphan RE effect)


