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1 Introduction

Channel State Information Reference Signal (CSI-RS) was introduced in Rel-10 for enhanced downlink multiple antenna transmission. In RAN1#63 meeting a number of agreements were reached concerning the CSI-RS and muting signalling design, as can be found in [1].
In this contribution, the remaining issues of downlink CSI-RS signalling and muting are discussed, together with our recommendations.
2 Remaining issues in CSI-RS signalling design
The following remaining issues in downlink CSI-RS signalling design are discussed:
· CSI-RS sequence for different antenna ports;
· Handling of orphan RE for SFBC in CSI-RS subframes;
· DCI format for 1-port CSI-RS;
· Whether muting can be configured in a cell without CSI-RS.
2.1 CSI-RS sequence for different antenna ports
At the RAN1#63 meeting, the following was agreed:
· The CSI-RS sequence is reusing the CRS sequence, with the exception that its length is half that of the CRS sequence
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· where ns is the slot number within a radio frame and l is the OFDM symbol number within the slot. The pseudo-random sequence c(i) is defined in Section 7.2. in TS36.211. The pseudo-random sequence generator shall be initialised at the start of each OFDM symbol with 
· Where 
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· The central segment of length   
[image: image4.wmf]DL

RB

N

  is allocated per port to the transmission bandwidth
However, whether same or different sequences are applied to different ports need FFS. According to the above agreement, the generation of CSI-RS sequence follows a similar way as CRS in Rel-8/9. This implies that for the same OFDMA symbol in the same RB, the sequence to be used for different ports will be the same. If different sequences are to be used, the current agreement on the above equations has to be revisited. Although the de-correlation between different ports may provide some orthogonality in the inter-cell scenario, the potential gain will be less than the already-agreed PDSCH muting function for Rel-10. Furthermore, applying different sequences will introduce additional implementation complexity. Therefore, we propose that the same sequence is used for different CSI-RS ports in Rel-10.
Proposal 1: The same sequence is applied to different antenna ports.

2.2 Handling of orphan RE for SFBC in CSI-RS subframes
In the subframes where CSI-RS is transmitted or PDSCH muting is enabled to facilitate CSI-RS measurement in neighbour cells, rate matching is needed to make sure the receiver can correctly decode the data in these subframes. To minimize the standardisation impact, in this case it is desirable to reuse the Rel-8 rate matching method, namely to identify all REs that can be used for data transmission, and order them in the frequency domain first then time domain next.
However, based on the agreed CSI-RS patterns, in the cases that transmit diversity schemes such as SFBC and SFBC-FSTD are employed, it is possible that the number of available data REs within the OFDM symbols having CSI-RS and/or muted REs can not be divisible by 2 or 4. This results in the fact that SFBC and SFBC-FSTD transmissions will not be possible for the residual number of REs in those affected OFDM symbols.
At the RAN1#63 meeting, a few options were discussed for solving the so-called ‘orphan RE’ issue [1]. An example illustrating the implementation of the above three alternatives is given in Fig. 1 [1].
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Fig. 1: Possible methods for handling the orphan REs.
· Alt-1:  No spec change

In this option, the SFBC symbol pairs will be mapped to all available data REs following the rule as in Rel-8, namely to map to the REs of the same OFDMA symbol (i.e. in the frequency domain), and then map to the next OFDMA symbol. This option provides a clean and straightforward solution to the orphan RE issue and requires no change of current specifications.
· Alt-2:  Rate matching

In this option, the available PDSCH REs for SFBC transmission will be rate matched, leaving two orphan REs unused at the end of the two OFDMA symbols. Obviously, this will result in waste of the two REs that could have been utilized in the other two options.
· Alt-3:  Puncturing

In this option, all available data REs will be exploited as in Alt-1. However, two data samples associated with the two edge SFBC symbol pairs have to be punctured, respectively, resulting in degradation of the achievable performance.
Comparing the above three options, we recommend that:

Proposal 2: Alt-1 (no spec change) is accepted as solution to the orphan RE issue.
2.3 DCI format for 1-port CSI-RS
As discussed at the RAN1#63 meeting, two options may be possible for supporting the scenario, when the UE uses only 1 CSI-RS port for channel estimation for all CSI feedback modes [1]:
·  Alt-1: DCI format 2C is used in transmission mode 9
It was agreed at the RAN1#62BIS meeting [2] that a unified signaling table with 8 maximum number of layers regardless of the number of antenna ports or UE capability will always be used in DCI Format 2C. In line with this agreement, Alt-1 ensures that the specific case of 1-port CSI-RS signalling is unified with the 2-, 4- and 8-port cases, which reduces the implementation complicacy. The disadvantage of Alt-1 in comparison to Alt-2 is the higher overhead.
·  Alt-2: DCI format 1 and antenna port 7 for demodulation

This option allows a reduction of signalling overhead, thanks to the less number of bits needed in DCI Format 1 compared to DCI Format 2C in the case of 1-port CSI-RS. However, the employment of Alt-2 implies that the UE has to differentiate the number of CSI-RS ports before it can proceed with PDCCH detection, which appears to be cumbersome under the current specification and inevitably complicates UE implementation.
Considering the Rel-10 timeframe, it is suggested that Alt-1 is adopted, though in future releases further optimizations may be needed. For example, 1-port CSI-RS in Rel-10 may be considered as a corner use case due to its limited applicability. However, when CoMP is introduced, for example, it is possible that the UE monitors only one CSI-RS port of each of the eNBs in the collaborative set. In that case, the overhead issue may become more critical and further optimization may be considered.
Proposal 3: Alt-1(DCI format 2C is used in transmission mode 9) is adopted in Rel-10.
2.4 Whether muting can be configured in a cell without CSI-RS
The introduction of CSI-RS provides an efficient way for enhanced feedback facility in LTE-Advanced networks. However, it is also possible that CSI-RS is disabled in some scenarios. When CSI-RS is not configured in a LTE-A cell, PDSCH muting may still be needed in that cell for the sake of benefiting CSI measurement in its neighboring LTE-A cells, where CSI-RS is configured. On the other hand, when both LTE and LTE-A networks co-exist at the same frequency band, for instance LTE for Marco and LTE-A for Femto, then the Femto-cell may disable its CSI-RS for reducing interference to the data REs of Macro-UEs (MUE).

Proposal 4: PDSCH muting can be configured in a cell without CSI-RS.

3 Conclusion

In this contribution, the remaining issues of CSI-RS signalling and muting design are discussed. Our proposals are summarized as follows:
Proposal 1: The same sequence is applied to different antenna ports.
Proposal 2: Alt-1 (no spec change) is accepted as solution to the orphan RE issue.
Proposal 3: Alt-1(DCI format 2C is used in transmission mode 9) is adopted in Rel-10.
Proposal 4: PDSCH muting can be configured in a cell without CSI-RS.
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