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1. Introduction
So far, noticeable progress has been made on the CSI-RS issues including time/frequency density, independent configuration from Rel-8 CRS and so on. In RAN1 #60 meeting, further progress was also made on inter-cell CSI-RS configuration and power allocation as follows:

· Full-power utilization is the design target.

· Send an LS to RAN4 asking about the feasibility of 9 dB boosting. 

· Drafted by George Jöngrenｘ (Ericsson) and Moon-il Lee (LGE). Revisited on Friday – R1-101691 – approved in R1-101692.
· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe

· Resource elements (REs) of CSI-RS are configured and/or tied to system parameters for inter-cell orthogonality, i.e, no collision between CSI-RS.
                   - Partial collision of CSI-RS for inter-cell randomization is not precluded.

· CSI-RS pattern for {2,4,8} CSI-RS ports
- Port 0 is fully configured (subframe, OFDM symbol, frequency location) by L3 signaling and/or tied to system parameters 

- The other ports follow port0 (implicit)

- FFS if all ports have the same shift or different shift in time and frequency

- For intra-cell CSI-RS, FDM/TDM/CDM/CSM needs further study.

· Study RE muting, i.e., no collision between CSI-RS and data, for multi-cell CSI measurement

· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE

· Power reallocation of muted REs is FFS

     From the agreements, we see that the power allocation of the CSI-RS will be controlled by the eNB implicitly so that the power offset indication used for Rel-8 CRS is not needed for the CSI-RS. That is mainly because the CSI-RS is not used for demodulation purpose. In addition, inter-cell CSI-RS orthogonality is also agreed to support in Rel-10 so that a UE may measure inter-cell interference from PDSCH REs from neighbor cell, thus avoiding pessimistic CQI reporting which has been considered as a major problem in low loading cell scenario. However, further details are still remained as open such as the exact CSI-RS patterns, CSI-RS reuse and so on.
        In this contribution, we further discuss on the remaining CSI-RS issues from intra-cell and inter-cell viewpoints to finalize the CSI-RS design in Rel-10.
2. Remaining CSI-RS issues

A. Intra-cell CSI-RS design

It has been agreed to employ time/frequency sparse CSI-RS granularity to minimize legacy impacts and overhead since the CSI-RS will be transmitted by replacing PDSCH REs. From the intensive studies on legacy impact from CSI-RS transmission, it is agreed that 1RE per antenna port per PRB as tolerable CSI-RS overhead. In addition, the wideband CSI-RS transmission with uniform spacing is also agreed as a baseline. Given this assumptions, the exact CSI-RS pattern is only remained to finalize the CSI-RS design from intra-cell CSI-RS design perspective.
· CSI-RS ports multiplexing

      So far, several CSI-RS ports multiplexing schemes [1]-[4] have been proposed such as FDM/TDM, FDM/TDM/CDM (CDM-T with OCC=2), and CSM. In RAN1 #60 meeting, it was discussed that 9dB power difference between PDSCH RE and CSI-RS in an OFDM symbol may result in problematic situation since 6dB power difference is defined as a maximum tolerable power difference in Rel-8. Therefore, it is agreed to send an LS to RAN 4 to check whether 9dB power difference is feasible. The 9dB power difference only occurs when 8Tx CSI-RS is used without CDM port multiplexing so that the multiplexing schemes based on CDM can avoid this problem. Therefore, the discussion of CSI-RS port multiplexing issue can be revisited with the response from RAN 4.

In [4], we discussed the pros and cons of the multiplexing schemes and we concluded that FDM/TDM is preferred in order to avoid inter-code interference of CDM-based multiplexing and keep flexible UE implementation. Hence, it is preferred to employ FDM/TDM if 9dB power difference is feasible. Otherwise, we recommend further evaluating multiplexing schemes within CDM-T and CSM.

· Available OFDM symbols for CSI-RS transmission

     The CSI-RS is transmitted by puncturing PDSCH REs so that it would be good to define which PDSCH RE can be punctured in order to avoid critical problems from CSI-RS puncturing. It is obvious that the OFDM symbols containing PDSCH RE only can be used for CSI-RS transmission. However, following OFDM symbols should be discussed further whether it can be used for CSI-RS transmission.
· OFDM symbols containing Rel-8 CRS
The Rel-8 CRS exists in PDSCH region in all subframes except for LTE-A subframe due to backward compatibility support. Since the Rel-8 CRS can borrow powers from adjacent PDSCH RE in the same OFDM symbol, there would be no available power for CSI-RS transmission if Rel-8 CRS is boosted. Therefore, the OFDM symbols containing Rel-8 CRS are better to be avoided for CSI-Rs transmission.
· OFDM symbols containing antenna port 5

The antenna port 5 is employed for single layer beamforming transmission in Rel-8 as a UE optional feature.  Since the cell-specific frequency shift (v-shift) is used for antenna port 5, the CSI-RS can collide with antenna port 5 if the CSI-RS is transmitted in this OFDM symbol. However, considering that the precoded DRS based transmission is also supported with dual-layer beamforming mode in Rel-9 and the antenna port 5 is optional feature, it would be beneficial to allow the CSI-RS in the OFDM symbol containing antenna port 5 since it may increase CSI-RS reuse. Note that antenna port 5 will be only used for Rel-8 UE who cannot exploit dual-layer beamforming gain if needed, thus eNB scheduler can easily solve this problem.
· OFDM symbols containing Rel-10 DM-RS
The Rel-10 DM-RS works in conjunction with CSI-RS, therefore the collision between CSI-RS and Rel-10 DM-RS shall be avoided although this doesn’t mean that the OFDM symbols containing Rel-10 DM-RS cannot be used. Since the time/frequency position of Rel-10 DM-RS is fixed regardless of the cell ID, there are PDSCH REs available for CSI-RS transmission. Furthermore, it is not allowed to borrow power from PDSCH RE to boost up DM-RS power so that there seems to be always available power for CSI-RS transmission. Keeping that in mind, the OFDM symbols containing Rel-10 DM-Rs can be also considered to transmit CSI-RS.
· Collision with P-/S-SCH and PBCH

     The P-/S-SCH and PBCH are transmitted in 1st and 6th subframes in a radio frame within 6 PRBs in the middle of bandwidth.  As agreed, the CSI-RS shall not be transmitted in these 6 PRBs containing P-/S-SCH and PBCH. In order to avoid the collision, two approaches can be considered as follows:
· Approach-1

The CSI-RS transmission is allowed in the subframe while the CSI-RS is not transmitted within the 6 PRBs containing SCH and BCH.
· Approach-2

The CSI-RS transmission is not allowed in the subframe containing SCH and BCH.
Since the CSI-RS is transmitted with a duty cycle and the minimum duty cycle is 5ms, if a CSI-RS is defined in the subframe containing SCH and BCH the CSI-RS will be transmitted in the subframe always so that the channel measurement is not possible. Therefore, it seems adequate not to allow CSI-RS transmission in the subframe containing SCH and BCH.
B. Inter-cell CSI-RS design

     It has been discussed that the inter-cell orthogonality should be supported to randomize inter-cell interference. Since the CSI-RS is transmitted with a duty cycle, the subframe offset could be used in addition to time/frequency offset within a subframe, thereby allowing much larger number of CSI-RS pattern reuse as compared with that in Rel-8. The number of orthogonal CSI-RS is related to the duty cycle considering the subframe offset is used for multi-cell orthogonality support. Since the baseline duty cycle for CSI-RS transmission is 10ms, at least 8 subframe offsets can be used assuming that two subframes containing SCH and BCH are not allowed for CSI-RS transmission. In addition, at least 3 frequency reuse or time reuse are possible in the case of 8Tx CSI-RS [1]-[3] so that 24 orthogonal inter-cell CSI-RS patterns can be configured under multi-cell scenario. Given this situation, it should be decided that whether additional quasi-orthogonal inter-cell CSI-RS patterns are needed for further randomizing inter-cell interference.
     The RE muting support for inter-cell channel measurement is agreed to study whether it provides significant gain assuming multi-cell cooperative transmission. Although the RE muting is unnecessary for inter-cell interference measurement, it seems to be beneficial to allow inter-cell channel measurement. Since the RE muting is used to the PDSCH RE in which a neighbor cell within a CoMP set transmits CSI-RS, it should be guaranteed that the inter-cell interference measurability is not degraded. Considering that the inter-cell interference is measured from the RE of the serving cell CSI-RS by cancelling the CSI-RS in which other cells are transmitting PDSCH so that the pessimistic CQI problem can be resolved, it would be better to measure inter-cell interference in the subframe without RE muting. Otherwise, it will result in optimistic CQI problem since muted RE doesn’t give any interference. Therefore, if RE muting is employed for multi-cell channel estimation, it should be ensured that inter-cell interference measurability is kept. 
3. Summary
In this contribution, we discussed on the remaining CSI-RS design issues from intra-cell and inter-cell perspective. Followings are the summary of the discussions:

· Intra-cell CSI-RS design
· If 9dB power difference is feasible, FDM/TDM is preferred for CSI-RS port multiplexing. Otherwise, further study seems to be needed within the remaining options such as CDM-T and CSM.

· The OFDM symbols containing Rel-8 CRS should be avoided for CSI-RS transmission. On the other hand, The OFDM symbols with antenna port 5 and Rel-10 DM-RS seem to be no problem to allow CSI-RS transmission.
· The subframe used for SCH and BCH is better to avoid for CSI-RS transmission.
· Inter-cell CSI-RS design
· The necessity of quasi-orthogonal inter-cell CSI-RS pattern should be discussed

· If RE muting is employed, it should be ensured that the proper inter-cell interference measurability is supported without pessimistic or optimistic CQI feedback.
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