
3GPP TSG RAN WG1 #62bis
R1-105377
Xi’an, China, 11th - 15th October, 2010
Agenda item:
6.3.1.1
Source: 
Samsung
Title: 
Remaining Issues on CSI-RS Transmission
Document for:
Discussion / Decision 
1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission. Up to now, many aspects of CSI-RS have been agreed upon, but still some issues that need resolution remain. In this contribution, following issues are discussed for resolution:
· CSI-RS configuration and signalling

· CSI-RS transmission on special subframes

· CSI-RS duty cycle
· Definition of ( (parameter that is used to control UE assumption on reference PDSCH transmitted power for CSI feedback)
· Single port CSI-RS
· Transmit diversity in CSI-RS subframes
2 CSI-RS Configuration

As agreed during RAN1#62, the parameters related to CSI-RS should be conveyed in an explicit manner to the Release 10 UEs. Therefore, the following CSI-RS related information should be conveyed to Release 10 UEs:
· Whether CSI-RS is ON or OFF

· Reuse pattern index

· Duty cycle

· Number of ports

· Subframe offset

· ( (parameter that is used to control UE assumption on reference PDSCH transmitted power for CSI feedback)
Among the above information, it has not been decided yet how ‘(’ should be defined. One possible definition for ‘(’ is to define it as the ratio of CSI-RS EPRE and CRS EPRE. The UE can use the (A and (B values to determine the expected transmission power on the PDSCH and derive the necessary CQI value for feedback.
Note that all the information listed above are cell specific parameters and therefore SiB can be used for their transmission to Release 10 UEs.

Proposal: Define ‘(’ as the ratio of CSI-RS EPRE and CRS EPRE. Convey the above CSI-RS related information in a cell specific manner using SiB.
3 CSI-RS Transmission on Special Subframes

In order to determine the CSI-RS subframe offset, RAN1 needs to determine whether to allow the transmission of CSI-RS on subframes used for special purposes. Such subframes include

· Subframes with synchronization channels or PBCH

· DwPTS subframes
The disadvantage of not allowing CSI-RS on the above subframes would be that the effective reuse factor will decrease. However, one should note that CSI-RS has already a reuse factor of at least 3 even in a single subframe when the number of CSI-RS antenna ports is at its maximum (i.e. 8). Another potential problem is that if the above subframes are not used for CSI-RS transmission, CSI-RS transmission will not be possible for TDD uplink-downlink configuration 0.

While the transmission of CSI-RS is an important feature, maintaining the Release 8 legacy channel is essential for the operation of both LTE and LTE-A terminals. Therefore, allowing the transmission of CSI-RS by puncturing the PSS, SSS, PBCH is not acceptable. On the other hand, providing the means to transmit CSI-RS for all TDD uplink-downlink configurations is also important. One possible solution to allow CSI-RS transmission on the above subframes is to only allow those CSI-RS reuse patterns that do not collide with PSS, SSS, paging, and PBCH. On a similar note, for DwPTS subframes, those CSI-RS reuse patterns that can be accommodated within the downlink portion can be used for CSI-RS transmission.
Proposal: CSI-RS can be transmitted on the above subframes with the restriction that only the CSI-RS reuse patterns which are not colliding with PSS, SSS, and PBCH be used. For DwPTS subframes, CSI-RS can be transmitted by using the CSI-RS reuse patterns that can be accommodated within the downlink portion.
4 CSI-RS Duty Cycle

During RAN1#59, it was agreed that CSI-RS should have a periodicity that is a multiple of 5msec (ex. 5msec, 10msec, 15msec, etc). Since the agreement, a number of issues were raised concerning the duty cycle of CSI-RS. Notably, the addition of duty cycles which are multiples of 4msec has been proposed [3] and the practical usefulness of a 15msec duty cycle has been discussed. The rationale behind duty cycles which are multiples of 4msec is that such duty cycles would be useful if time domain partitioning based solutions are adopted for HetNet in FDD mode.
For the duty cycle of 15msec, we do not believe such duty cycle is practically useful given there is no feedback duty cycle of 15msec. As for duty cycles which are multiples of 4msec, the benefits of such duty cycle in HetNet scenario with time domain partitioning based ICIC solutions have not been evaluated at this point. Therefore, we proposed that the adoption of duty cycles which are multiples of 4msec be kept open until more concrete evidence has been observed.
5 Single port CSI-RS
During RAN1 #62, it was decided to study whether the support of single port CSI-RS is necessary for Release 10. The main benefit of CSI-RS can be found for HetNet or CoMP scenarios. In HetNet scenarios, single port CSI-RS may be used for inexpensive HeNBs where elaborate MIMO transmission might not be necessary. In addition, single port CSI-RS may be important for CoMP scenarios where the cells in the CoMP set each has a single antenna port and uses CoMP transmission to enhance the performance for those UEs located in the cell edge. Based on the above rationale, it seems that it is reasonable to adopt single port CSI-RS in Release 10. Note however, that the main benefit of single port CSI-RS will occur when PDSCH muting is adopted as well. Without the capability to apply muting, advantage of the single port CSI-RS over single port CRS seems negligible.
In order to include single port CSI-RS as a part of Release 10, a number of issues need to be resolved. The following subsections discuss some of the essential issues for single port CSI-RS.
5.1 Single port CSI-RS pattern
RAN1 has finalized the CSI-RS patterns for 2, 4, and 8 ports for both FDD/TDD and TDD only. Rather than having another round of technical discussions on the issue for single port CSI-RS, we can reuse the existing CSI-RS pattern for 2 ports. The patterns for single port CSI-RS should nested within the CSI-RS pattern for 2 ports and can be either based on CDM or FDM/TDM. 
In the CDM approach, each single port CSI-RS reuse pattern will consist of 2 REs per PRB pair and uses one of two length-2 OCC. Therefore, each single port CSI-RS reuse pattern can be distinguished by its time/frequency location and the OCC index. The advantage of the CDM approach for single port CSI-RS is that CSI-RS transceiver operation including the rate matching of PDSCH for the 2 port CSI-RS reuse pattern can be reused. The OCC index would be in essence an indication of whether the single port CSI-RS is realized as antenna port 15 or antenna port 16.
The other alternative is the FDM/TDM approach where a single RE per PRB pair is used for CSI-RS transmission. Therefore, each single port CSI-RS reuse pattern can be solely distinguished by its time/frequency location. The advantage of the FDM/TDM approach is that only 1 RE per PRB pair and therefore has a lower overhead. However, we do not think this is a major advantage since the actual overhead decrease will be relatively small.

Proposal: CSI-RS pattern for single port CSI-RS should be based on CDM using OCC length 2. Single port CSI-RS reuse pattern will be distinguished by the time/frequency and OCC index.
5.2 Signalling for single port CSI-RS
AS mentioned above, it is proposed that the CSI-RS pattern for single port CSI-RS should be based on CDM using OCC length 2. In addition to the time/frequency location of the CSI-RS reuse pattern, an indication of which length OCC to use needs to be conveyed the UEs. The additional signalling burden to indicate this piece of information on top of the existing CSI-RS related information would be 1 bit.

5.3 DM-RS antenna port
Since patterns for DM-RS are CDMed, if we apply rank 2 DM-RS pattern, we can select one of 2 antenna ports, e.g. port 7 or port 8. If we utilize DM-RS port 7 in a cell and port 8 in another cell, we can lower interference in DM-RS position to some extent. We propose the following rule for DM-RS with single port CSI-RS:
· If antenna port 15 is used for single port CSI-RS, use antenna port 7 for DM-RS with SCID=0
· If antenna port 16 is used for single port CSI-RS, use antenna port 8 for DM-RS with SCID=0
By tying the DM-RS antenna port to the CSI-RS antenna port for the case of single port CSI-RS, the DM-RS antenna port indication would not be necessary in the DCI and neighboring cells with single CSI-RS antenna ports can be allocated orthogonal DM-RS resources.
Proposal: Use above rule for DM-RS antenna port when single port CSI-RS is used.
6 Tx diversity in CSI-RS subframes
As described in [1], in a subframe containing CSI-RS, rate matching is not straight forward for Release 8 transmit diversity schemes such as SFBC and SFBC-FSTD. There are orphan REs which do not make SFBC pair in the same OFDM symbol in a PRB pair, and SFBC precoding on orphan REs induces decoding performance degradation and power imbalance among CRS antenna ports. Moreover, in RAN1 #62, we already agreed that all possible combination of CSI-RS and CRS is allowed. The decision makes the orphan symbol problem more severe, since there are much more orphan symbols for some CSI-RS/CRS combinations. For example, when 2 ports CSI-RS and 4 ports CRS are used, we cannot adopt Release 8 transmit diversity in a straight forward manner, since the available REs in PDSCH region may not be a multiple of 4. Therefore, it is recommended that RAN1 consider the modification of the transmit diversity transmission scheme for subframes where CSI-RS is transmitted.

Proposal: Modify transmit diversity scheme for subframes where CSI-RS is transmitted.
7 Conclusions
In this contribution, we summarized Samsung’s views on the remaining issues related to CSI-RS. The proposals are as follows:
· Define ‘(’ as the ratio of CSI-RS EPRE and CRS EPRE. Convey CSI-RS related information in a cell specific manner using SiB.
· CSI-RS can be transmitted on special subframes with the restriction that only the CSI-RS reuse patterns which are not colliding with PSS, SSS, and PBCH be used. For DwPTS subframes, CSI-RS can be transmitted by using the CSI-RS reuse patterns that can be accommodated within the downlink portion.
· Support single port CSI-RS transmission for Release 10
· Single port CSI-RS pattern is based on CDM using length 2 OCC
· Indicate to UEs whether to use antenna port 15 or 16
· If antenna port 15 is used for single port CSI-RS, use antenna port 7 for DM-RS and if antenna port 16 is used for single port CSI-RS, use antenna port 8 for DM-RS
· In order to address the orphan symbol problem for SFBC and SFBC-FSTD in subframes with CSI-RS, modify transmit diversity scheme in such subframes.
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