3GPP TSG RAN WG1 Meeting #63bis                                                                        R1-110396
Dublin, Ireland
17th – 21st January 2011
Agenda item: 6.2.2.1
Source: LG Electronics

Title: Remaining Issues on CSI-RS in Rel-10 
Document for: Discussion/Decision
1. Introduction
So far, RAN1 has made a good progress on CSI-RS design in Rel-10. In RAN1 #63, most of remaining details of CSI-RS design were agreed [1]. However, it seems that there are still remaining issues need to be discussed in order to finalize the CSI-RS design issues as follows:
· CSI-RS sequence for different antenna ports

· Handling of orphan RE for SFBC in CSI-RS subframes

· DCI format for 1-port CSI-RS

Therefore, in this contribution, we discuss on the remaining CSI-RS design issues for Rel-10 finalization.
2. Remaining Issues of CSI-RS
A. CSI-RS sequence
In RAN1 #63 meeting, it is decided that the sequence for the CSI-RS in Rel-10 will be the same as that for the CRS in Rel-8 except that the length of the CSI-RS sequence is half as compared with that of the CRS sequence due to sparse reference signal density in frequency domain. Note that the reference signal density of the CSI-RS is half that of the CRS in an OFDM symbol.

It has been discussed that the different sequence could be used for each antenna port in CSI-RS design in order to minimize interference across CSI-RS ports when frequency error is occurred. The same discussion was taken when the sequence for CRS port was specified in LTE Rel-8 but no antenna port specific sequence mapping was agreed since no clear benefit was shown. In addition, the same sequence should be used for CSI-RS ports in a same CDM group in order to keep the orthogonality between CSI-RS ports considering that CDM-T is used for multiplexing two CSI-RS ports. Therefore, the gain would be even less as compared with CRS.

Since the cell-specific sequence is used for CRS irrespective of the number of CRS ports, it seems to be natural to reuse the same rule for CSI-RS unless significant gain is shown from CDM group specific sequence mapping. 
B. Orphan RE handling for SFBC
It has been agreed that the rate-matching is used in the subframe containing CSI-RS for the Rel-10 UEs in order to minimize the impact from CSI-RS transmission regardless of a transmission mode so that the performance loss from CSI-RS insertion could be almost avoided for Rel-10 UE. Since the rate-matching is used, the resource allocation for SFBC transmission scheme is not clearly mapped when odd number of CSI-RS port group is used in combination with odd number of RB allocation. In order to keep the orthogonality, two consecutive RE pair is needed for SFBC transmission. However, due to odd number of CSI-RS port group, the last RE in the OFDM symbol containing CSI-RS is remained as orphan RE so it is proposed to handle the orphan RE as shown in the figure 1 [1].
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Figure 1. Alternatives of orphan RE handling for SFBC transmission

Three alternatives were discussed as shown in the figure 1. The Alt. 1 shows no specific handling of orphan RE in the OFDM symbols containing CSI-RS when 2Tx CSI-RS is configured. Since the number of orphan RE is two in the allocated multiple RBs, the performance difference between alternatives would be marginal. In addition, there seem no clear pros and cons between alternatives from implementation complexity as well. Therefore, it seems to be natural to keep the current specification (Alt-1) as it is.
C. DCI format for 1-port CSI-RS
It is agreed to support 1Tx CSI-RS for better support of HetNet which implies that single port transmission can be only used in a cell. Hence, both single antenna and multiple antenna transmission should be supported within TM 9. As agreed, DCI format 2C is used for UE-specific C-RNTI based PDSCH transmission. Since DCI format 2C supports up to two transport blocks, its overhead could be burdensome for a UE configured TM9 in a cell having 1-port CSI-RS. However, keeping that DCI format is fixed in a transmission mode regardless of the number of antenna port in mind, it seems to be natural to use the same DCI format even in a cell with 1-port CSI-RS.
3. Conclusions

In this contribution, the remaining details of the CSI-RS design were discussed. From the discussions and observations, our view can be summarized as follows:

· The cell-specific sequence regardless of the antenna port number is preferred unless significant gain is shown.

· No specific orphan RE handling for SFBC transmission (i.e., Alt.1) is preferred.

· A single DCI format for TM 9 regardless of the number of CSI-RS port is preferred.
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