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1 Introduction
In LTE-Advanced system, CSI-RS is introduced for channel measurement and for deriving the feedback on channel quality and spatial properity. In RAN1 #59bis, the agreement on the common CSI-RS density of 1 RE per port per PRB was achieved.Till  RAN1#60bis, there are some remaining issues need to be further discussed:
· Reuse factor per subframe for 2,4,8 ports

· Available resource elements for CSI-RS location
· Necessary signalling
· Pattern

In this contribution, we present our views on some of the remaining issues for CSI-RS design.
2 Available resource elements for CSI-RS location
Considering available resource elements for CSI-RS, it has come to an agreement in previous meeting that,  CSI-RS mapping pattern should avoid OFDM symbols with Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and PDCCH (1-3rd OFDM symbol) in the case of normal CP subframe. In addition, CSI-RS should not collide with the control region, namely PBCH, PSCH and SSCH. For Rel-10 UEs, CSI-RS is used for channel state information measurement and DMRS is used for data demodulation; therefore, the collision between CSI-RS and Rel-10 DM-RS shall also be avoided. However, unlike CRS and DRS in Rel8/9, the time/frequency position of Rel-10 DM-RS is fixed and no frequency shift is introduced, then there are 24 REs available for CSI-RS transmission in the OFDM symbols containing DM-RS. 
it is raised whether or not CSI-RS can be allocated in the OFDM symbol containing Rel-8 DRS when discussing on the possible resource available for CSI-RS. It is specified that the Rel-8 DRS is employed for single layer beamforming transmission in Rel-8, and the cell-specific frequency shift (v-shift) has been introduced, therefore, CSI-RS will collide with the R8 DRS if it is transmitted in the 4th, 10th OFDM symbol of normal CP subframe. 
· For the FDD system, since some views think that single layer beamforming transmission in R8 is an optional feature not worthy of more standard effort on introducing certain compatible mechanism for it, different schemes allowing CSI-RS located in the OFDM containing R8 DRS are presented. In that case, there are 60REs available for the flexible CSI-RS design, which are illustrated in Fig. 1(a).
· For the TDD system, single layer beamforming with DRS is a mandatory feature, which will be an important mode to be deployed in our work plan on Rel8/9. 
· At the initial stage of TD-LTE-Advanced evolution, there are large numbers of legacy R8/9 UEs using single user beamforming with DRS and few R10 UEs. In order to guarantee smooth evolution, CSI-RS should avoid collision with R8 DRS, i.e., we should consider some mechanism compatible with R8 DRS without impact more on the experience of R10 UE (Though the number of R10 UE at this stage will not be a big one) Therefore, CSI-RS should be optimized in the available resource elements limited 24REs illustrated in Fig. 1(b). 
· At the latter stage of TD-LTE-Advanced evolution, it not be a big problem any more to rule some subframes out from DRS transmission candidate subframes when there are few R8/9 UEs using single user beamforming with DRS, CSI-RS could could be optimized with larger freedom without considering the DRS..
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   (a) FDD system and TDD system with few R8 UEs      (b) TDD system with large numbers of R8 UEs
                          Fig. 1 Available Resource Elements for CSI-RS allocation
Proposal 1
· To smooth the transition from R8/9 to R10, two CSI patterns should be considered, one is designed based on R8/9 DRS compatible mechanism, another one is designed based on non R8/9 DRS compatible mechanism
3 Reuse factor of Inter-cell CSI-RS
In RAN1#60, inter-cell orthogonality is agreed for CSI-RS design. In Fig. 2, different reuse factors are illustrated in cell topology. The cells with same color are configured same CSI-RS pattern, and the cells with different color are configured different CSI-RS pattern. As reuse factor increase, the interference of CSI-RS from neighbor cells those configured as same CSI-RS pattern will decrease. In Fig. 2(a), reuse factor=3 can enable that there is no inter-cell CSI-RSs collision between adjacent cells. 
In this section, different inter-cell CSI-RS reuse factors are evaluated by system-level simulations. The ratio of CSI-RS signal to interference and noise (SINR) at CSI-RS RE is defined as:
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                          Fig. 2 Illustration of reuse factor in cell topology
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Fig. 3 SINR seen at REs carrying CSI-RS
In the simulation, full-power utilization on CSI-RS ports is supported. The curve of (RF=3, a=1) is exactly fitting to the curve of (RF=7, a=1), due to both of them are just like the case of reuse factor of 1. From the results, compared with RF=1, RF=3 can obtain about 3dB gain and 8dB gain when load factor a=0.5 and a=0.1, respectively. As the network load becomes lower, the RF=7 can obtain more gain over RF=3, but the gain is marginal especially in medium load case. 
Inter-cell orthogonality which enables no collision between multi-cell CSI-RSs is beneficial for LTE-A UE to obtain more accurate channel estimation when system work under low to medium load, and of much value to obtain multi-cell channel estimation for future proof. Though the larger reuse factor has more benefits, , the gain will decrease with the increasing of reuse factor especially in relatively higher load, so the reuse factor should be a tradeoff of required resource and potential impact on other aspects. 

Proposal 2
· At least RF=3, which is also the reuse factor of R8 CRS, should be supported in CSI-RS design, and the maximum reuse factor to be supported should be carefully considered.
4 Multi-cell CSI-RS allocation

In the TDD system, the number of downlink subframes is limited by the uplink-downlink configurations, which further limit the available downlink candidate subframes for the CSI-RS transmission. There are two more considerations as follows:
· In the special subframe, there is no enough resource elements to transmit CSI-RS; 
· In the subframe #0, PBCH is located in the front 4 OFDM symbols of the 2nd slot, and SSCH is located in the last OFDM symbol. To avoid the colliding to control region PBCH and SSCH, CSI-RS could not be transmitted in the subframe #0.
Due to limited number of downlink subframes, multi-cell CSI-RSs is preferred to be allocated within one subframe.
Proposal 3 
· Multi-cell CSI-RSs is preferred to be allocated in one subframe. 
5 CSI-RS pattern design

Under the discussion mentioned above, CSI-RS pattern design should consider following proposals:
· When there are many R8/9 UEs in the network work prefer using single user beamforming with DRS, CSI-RS should avoid collision with R8 DRS, however, when there are few R8 UEs need to be supported, CSI-RS could override the R8 DRS to obtain more optimized CSI-RS pattern.
· At least RF=3, which is also the reuse factor of R8 CRS, should be supported in CSI-RS design.
· Multi-cell CSI-RSs should be allocated in one subframe.
Based on these considerations, we give some CSI-RS pattern as example in this section. Here, we consider RF=3 within one subframe for 2Tx/4Tx/8Tx in the design, though we are still thinking the necessity of configuration of 2-Tx CSI-RS in the absence of CoMP.
5.1 2Tx CSI-RS pattern for example
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Fig. 4 2Tx CSI-RS pattern with full power utilization  
5.2 4Tx CSI-RS pattern for example
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Fig. 5 4Tx CSI-RS pattern with full power utilization  
5.3 8Tx CSI-RS pattern

If RF=3, 8Tx CSI-RS pattern needs to be allocated in 24REs which exceed the number of REs in one OFDM symbol. Based on available resources discussion in section 2, two types 8Tx CSI-RS pattern could be configured. In type 1 pattern, CSI-RS should avoid collision with R8 DRS. While in type 2 pattern, it is allow the CSI-RS in the OFDM symbol containing R8 DRS to obtain more optimized pattern. 
5.3.1 Type 1 8Tx CSI-RS pattern for example
(a) Type 1 8Tx CSI-RS pattern with full power utilization. If 9dB CSI-RS power boosting level on the power amplifier is supported.
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Fig. 6 Type 1 8Tx CSI-RS pattern with full power utilization  

(b) Type 1 8Tx CSI-RS pattern with full power utilization. If 6dB CSI-RS power boosting level on the power amplifier is supported.
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Fig. 7 Type 1 8Tx CSI-RS pattern with full power utilization  

Typ 
5.3.2 Type 2 8Tx CSI-RS pattern for example
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Fig. 9 Type 2 8Tx CSI-RS pattern with full power utilization  

6 Conclusions
In this contribution, we discussed on the remaining CSI-RS design issues. Based on the consideration and evaluation, we proposed:
Proposal 1

· To smooth the transition from R8/9 to R10, two CSI patterns should be considered, one is designed based on R8/9 DRS compatible mechanism, another one is designed based on non R8/9 DRS compatible mechanism

Proposal 2

· At least RF=3, which is also the reuse factor of R8 CRS, should be supported in CSI-RS design, and the maximum reuse factor to be supported should be carefully considered.

Proposal 3 

· Multi-cell CSI-RSs is preferred to be allocated in one subframe. 
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