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1
Introduction
Our position of inter-cell CSI-RS was shown in [1, 2]. In heterogeneous network (HetNet) or sometimes in homogenous network, the actual deployments may have great impacts on inter-cell CSI-RS design. Therefore some detailed aspects of inter-cell CSI-RS design are further discussed in this contribution.
2 
Some aspects of inter-cell CSI-RS design
· Resource reuse factor 
The resource reuse factor here means time/frequency resource is re-used for CSI-RS with the number of cells. This factor gives the number of cells which generate significant ICI to a UE. The necessary reuse factor for CSI-RS has not been discussed in RAN1 so far since it is a network deployment issue. With different assumptions of reuse factor, the feasible design for inter-cell CSI-RS could be quite diverse. That is why we discuss reuse factor first before expanding to detailed design for inter-cell CSI-RS. 
In Hetnet or sometimes in homogenous network, the necessary reuse factor highly depends on the actual network deployment. In this sense, it is very hard to give a fixed value of reuse factor to fulfill all cases. Therefore, a range instead of an exact value of reuse factor can provide the best flexibility for varying deployments. Considering the typical homogenous network, we think the lower bound for this range should be 3. 
· The number of subframes to allocate CSI-RS for multiple cells
To support a range of reuse factor larger than 3, it is quite straightforward to allocate CSI-RS of multiple cells into multiple subframes. An example is shown in Fig 1. 
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Fig 1 Use multiple subframes to support reuse factor of range 3~18
However, following impacts are worthy of careful investigations:

1. Impacts on legacy UEs
If legacy UEs are scheduled to subframes with CSI-RS, data puncture due to CSI-RS will lead to some performance loss. To eliminate the negative impacts to legacy UEs, one simple solution is to schedule legacy UEs to subframes without CSI-RS. Allocating CSI-RS of multiple cells within limited subframes benefit the aforementioned scheduling strategy in two aspects:

A) With full power utilization design targets for the intra-cell CSI-RS, it is likely that CSI-RS RE has some times of power boosting to the PDSCH RE on one port, which may incur strong ICI to the legacy boundary UEs scheduled on the same subframe of the adjacent cells. If CSI-RS allocation of multiple cells are restricted into limited subframes, scheduling legacy UEs into subframes without inter-cell CSI-RS can avoid such ICI. However, if inter-cell CSI-RS are allocated into multiple subframes, the gain from the scheduling strategy may be very limited.   
B) It is indicated in [2~4] that RE muting for inter-cell CSI-RS is beneficial for CoMP and Hetnet CSI measurement. RE muting for inter-cell CSI-RS will have similar performance loss on legacy UEs as that for the intra-cell case. Scheduling legacy UE out of the subframes with CSI-RS (intra & inter) is still a simple and efficient solution in condition that only limited number of subframes contain CSI-RS.    

2. Impacts on CoMP joint transmission
If CoMP joint transmission (JT) happens in subframes with CSI-RS, PDSCH REs which overlap with CSI-RS REs of adjacent cells can not enjoy the diversity gain from JT operation. Furthermore, CSI-RS REs power boosting can produce large ICI to the data region of neighbour cell. In this case, allocating CSI-RS within limited subframes will provide eNB more flexibility to assign subframe without CSI-RS for JT operation.   

3. Impacts on CoMP measurements

On CoMP measurements, UEs need to measure CSI of multiple cells. In this sense, the computation time of feedback and UE power saving [5] both benefit from allocating CSI-RS within limited number of subframes. 

4. Impacts on relay operation
In type 1 relay, some subframes are not available for backhaul link (eNB to relay link) and some subframes are not available for access link (relay to UE link). Note that the backhaul subframe at donor eNB is not only MBSFN subframe. From donor eNB perspective, the UE connecting this eNB also can receive in this subframe. Therefore, RAN1 also needs to discuss inter-cell CSI-RS from three different aspects:

A) The UE behaviour connecting to the relay: This UE may not receive MBSFN subframes.
B) The UE behaviour connecting to the donor eNB: Some of PRB are used for the backhaul. The backhaul design should be transparent to these UE especially for CSI-RS insertion.
C) The relay behaviour connecting to the donor eNB: RN receives a certain subframes only but not only MBSFN subframes.
With these considerations, in order to have CSI-RS being useful for the relay operation and UE operation in the relay deployment, allocating CSI-RS into limited number of subframes can ease the design difficulty on the subframe usage. 
5. Impacts on non-CA based Hetnet 
As suggested in [6], one of the ICIC techniques in non-CA based Hetnet is the subframe level resource partition. In this case, the ICI situation varies with subframes. Then, limiting the number of subframes with CSI-RS allocation also benefits to improve CSI estimation.

 As a summary, with the concerns of impact to legacy UE, CoMP operation, relay operation and potential resource partition for non-CA based Hetnet, it is beneficial to allocate CSI-RS of multiple cells into limited number of subframes. 
However, limiting the number of involving subframes also limits the range of reuse factor, which decreases the flexibility of network deployment for the Hetnet scenarios. To recover the reuse factor, other multiplexing schemes, such as FDM or CDM (there may not be additional space for time domain shifting inside one subframe), can be considered as the supplements to the subframe based multiplexing.  Fig 2 gives an example where reuse factor of 3~18 is achieved with only two subframes by combing supplementary multiplexing methods. 
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Fig 2 Use CDM to support reuse factor 3~18 with 2 subframes
3
Conclusion
We discuss some aspects of inter-cell CSI-RS design. We suggest:

I. A range of reuse factor for inter-cell CSI-RS is necessary for Hetnet; and
II. It is beneficial to allocate CSI-RS of multiple cells into limited number of subframes.
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