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Introduction

A significant progress has been made during the RAN1#63 meeting on the CSI-RS [1]. However there are still a few issues remaining that need to be addressed on the RAN1#63bis meeting:
Handling of orphan REs in the downlink subframes with CSI-RS:
Three alternatives were proposed during RAN1#63 meeting for handling orphan REs issue:
· Alternative 1: No spec change

· Alternative 2:  Rate matching

· Alternative 3:  Puncturing
The proposed alternatives are illustrated in Figure 1.
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Figure 1: Alternatives for solving of “orphan” RE issue
CSI-RS sequence for different antenna ports:
· whether same or different sequences are applied to different ports
PDSCH muting

· Whether muting can be configured in a cell without CSI-RS.
Handling of orphan REs issue in the downlink subframes with CSI-RS
The issue of orphan REs was raised in [2] for transmit diversity schemes (SFBC, SFBC-FSTD) in downlink subframes with CSI-RS. The issue appears in the CSI-RS configurations with one or two CSI-RS ports. The source of this problem mainly comes from the usage of CDM-T OCC-2 for CSI-RS antenna port multiplexing in the allocation with odd number of PRBs. In such configuration the number of REs available for PDSCH transmission in the OFDM symbols with CSI-RS is not an even number. Since the number of PDSCH RE is not divisible by 2, two artifacts can be observed:

1. One SFBC code pair per allocation spans the whole allocation bandwidth and resides on two adjacent OFDM symbols

2. One SFBC code pair per PRB is separated by one CSI-RS subcarrier

The illustration of two artifacts for allocation consisting from three PRBs is shown in Figure 2. It can be seen that SFBC pair 113 spans the entire allocation bandwidth, while pairs 102 and 124 are separated by just one CSI-RS subcarrier. 
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Figure 2: Illustration of “orphan” REs issue for 3PRBs allocation
Separation of the SFBC pair by one or more subcarrier usually leads to some loss of SFBC code orthogonality due to frequency selectivity of the channel. For the considered example the loss of code orthogonality is more severe for the 113 pair than for the pairs 102 and 114 due to higher frequency domain separation. Such loss in orthogonality is usually considered as a negative effect; however this is not a significant issue when a baseline MMSE receiver is applied. In the MMSE receivers the inter-symbol interference for non-orthogonal codes is easily cancelled at the expense of some noise enhancement. Since the relative number of the affected SFBC pairs is small (1 per PRB) within the allocation the overall impact on the performance due to noise enhancement is not expected to be high.
In addition to the performance issues, uneven number of REs may also negatively impact some UE implementations due to “irregular” UE pipeline processing over two OFDM symbols [3]. 

Several approaches have been proposed on the RAN WG1#63 meeting to cope with these problems observed in Alternative 1 (no spec change):

· Alternative 2:  Rate matching

· Alternative 3:  Puncturing
In the rate matching approach (Alternative 2) the number of available RE within the allocation is reduced in such way, so the number of available REs for OFDM symbols with CSI-RS becomes divisible by 2. For SFBC code Alterative 2 introduces two extra REs of overhead. In Alterative 3 the number of SFBC code pairs is increased and partial puncturing to SFBC code is applied when the number of RE within OFDM symbol is not enough for mapping of the entire SFBC code pair. The puncturing keeps the issue of non-orthogonal SFBC (due to partial puncturing of the of SFBC pair), but guarantees an integer number of SFBC codes within each OFDM symbol, i.e. avoids potential implementation issues.
In order to solve the orphan RE issues from performance and implementation point of view an additional alternative 4 may be considered:
· Alternative-4: CDM-F OCC-2 mapping [4]
The Alternative 4 fully solves the orphan RE issue by using CDM-F OCC-2 mapping that results to even number of REs within OFDM symbol for any CSI-RS configurations. However due to amount of the required spec changes such solution may not be desirable at this stage.
Illustration of the Alternative 4 with CDM-F OCC-2 mapping is shown in Figure 3.
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Figure 3: Alternative 4 for CDM-F OCC-2 mapping
It can be seen that for Alternative 4 the number of PDSCH REs is divisible by 2 for considered CSI-RS configuration.

To quantify the performance benefits for the four considered alternatives a link level performance analysis for 2x2 SFBC scheme has been carried out for the allocation of 1 PRB and two antenna ports CSI-RS. In 1 PRB allocation the relative number of non-orthogonal SFBC code pairs per PRB is higher than in the other scenarios, so the relative impact due to loss of SFBC code orthogonality should be more remarkable. The performance analysis has been conducted in ITU-UMi scenario with 0.5 wavelength antenna spacing at the transmitter and receiver. MMSE receiver for demodulation of SFBC code and practical channel estimation on CRS were used for the evaluation.
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Figure 4: Performance of different alternatives
The performance result (BLER vs. SNR) is shown in Figure 4. From the comparison of the curves at BLER=5% for different alternatives the following observations can be made:
· There is no significant difference between all of the four alternatives
· The worst performance is provided by the Alternative 2 (rate matching) 
· The best performance is provided by the Alternative 4 (CDM-F mapping)
· Alternative 1 (current spec) and Alternative 3 (puncturing) show similar performance

The following recommendation can be made:

· Keep the existing approach (Alternative 1)
CSI-RS sequence
Usage of the different sequences for each antenna port pairs is preferable, since it allows further randomization of the interference form CSI-RS. For example if 8 antenna port CSI-RS is employed and the same sequences is used for each CSI-RS pair, there will be 8 REs within PRB that has the same interference pattern. High correlation of interference may have negative impact on the performance of PDSCH decoding or CSI-RS channel estimation (in case of collision with the other CSI-RS). Therefore, CSI-RS sequence for each antenna port pair should be different. Randomization of CSI-RS sequence across antenna port pairs can be done by making sequence initialization vector dependent from the antenna port index.
PDSCH muting
Enabling PDSCH muting is useful not only for the CoMP, but for conventional single-cell scenarios. For example, PDSCH muting can be used to improve the performance of CSI-RS measurements in the neighboring cell (at the cost of some overhead in the serving cell). Since CSI-RS is configured separately from PDSCH muting, there is no problem to allow PDSCH muting in a cell with and without CSI-RS.
Conclusions
Based on the above discussion and analysis, we prefer:
Handling of orphan REs in the downlink subframes with CSI-RS:
· Keep the existing approach (Alternative 1) 
CSI-RS sequence:

· Different antenna port pairs should use different CSI-RS sequences for better interference averaging 
Whether muting can be configured in a cell without CSI-RS:

· Muting can be configured in a cell without CSI-RS
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