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1. Introduction

The discussions on CSI RS are now starting to be more concrete, although many issues are still outstanding. In RAN1 #61 some observations were made, as well as guidelines for the further design efforts:
· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.

· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port

· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.

· A time-invariant time/frequency shift is used in a cell

From the above it is clear that some form of CSI RS re-use is supported via time/frequency shift. The details are however left for further study.
This contribution presents our views on the CSI RS design issue and in general strives for a clean design.
2. Maximizing Re-Use Factor While Keeping It Simple
In general, the CSI-RS design should strive for a high re-use factor so as to avoid CSI-RS to CSI-RS interference. Such interference would put limits on the performance particularly for low load scenarios when there is a very large difference in inter-cell interference coming from the enabled CSI-RS and the PDSCH, the latter which on average is close to being empty. In Rel-8, the CRS can be shifted in frequency to reduce the amount of CRS to CRS interference. However, there are only 3 different shifts available which limits the re-use factor. In Rel-10, there are ample opportunities to provide a much higher re-sue factor since the CSI-RS are sparser than the CRS in time and frequency.  In particular, the CSI-RS is transmitted with a periodicity of a multiple of 5 subframes and it is therefore natural to provide a cell specific subframe offset as well.
Proposal

· Support for cell specific subframe offset configured together with periodicity using higher layer signaling
The re-use factor can also be increased by supporting frequency-shifts and OFDM symbol shifts within a subframe. When doing this, the same frequency-shift and OFDM symbol shift should be applied to all CSI antenna ports so that the pattern is not distorted and remains the same regardless of the shifts, i.e., only translations of a base pattern including all antenna ports are permitted. This promotes simplicity and serves to preserve the coherency among the antenna ports and maintains their statistical relation regardless of shift and also eases ensuring orthogonality between the CSI RS of different cells. Simplicity is also favored by making the patterns for 1 Tx, 2 Tx, 4 Tx and 8 Tx nested so that the sets of REs used for patterns supporting fewer number of antennas are a subset of the sets of REs used for patterns for more antennas. 

Proposal

· Support the design of a single fixed base pattern for each number of CSI antenna ports
· The base patterns for the different number of CSI antenna ports should be nested

· The base pattern can be translated within a subframe by configuring cell specific frequency shifting and OFDM symbol shifting
A number of parameters for CSI RS need to be configured. This includes periodicity, subframe offset, OFDM symbol offset and frequency shift. This can be done in a semi-static manner by means of RCC. Since CSI RS is a cell specific feature, it makes sense to configure it using broadcast instead of sending a separate RRC message to each UE.
Proposal

· Configuration of CSI RS, including periodicity, subframe offset, OFDM symbol offset and frequency shift, is RRC based and broadcast over the cell

Some REs should always be avoided. This includes the first three OFDM symbols which are part of the control region and OFDM symbols carrying Rel-8 CRS for the antenna ports being configured in the cell. Considering likely combinations of number of CRS together with number of CSI antenna ports, it is not clear that OFDM symbols carrying Rel-8 CRS corresponding to Rel-8 cell specific antenna ports not being configured in the cell, including antenna port 2 and 3 must be avoided. So if for example only two Rel-8 CRS is configured in the cell, OFDM symbols carrying antenna port 2 and 3 should be available for increasing the re-use of the CSI RS, in case the final base pattern is such that this really increases the re-use factor. 

If UE specific RS for transmission mode 5 is not used, the corresponding OFDM symbols are available as well. In general, except for the above mentioned REs to avoid, all REs normally carrying PDSCH are candidates for carrying CSI-RS, so-called valid CSI RS REs, as long as the CSI-RS does not support explicit boosting. Explicit boosting would complicate the power allocation among the REs belonging to the PDSCH and should therefore be avoided. 
This way of adapting the set of valid CSI RS REs to the particular network deployment frees up a considerable number of REs for increasing the re-use factor of CSI-RS. At the same time, the design stays simple since the same base pattern is only translated over the resource element grid and translations are only allowed such that there are no collisions between CSI RS and non-valid PDSCH REs.
Proposal

· Always avoid CSI RS at least on

· OFDM symbols belonging to a potential control region

· Normally first three OFDM symbols except when system bandwidth is such that four OFDM symbols for control is supported

· OFDM symbols carrying Rel-8 CRS for antenna ports configured in the cell
· Avoid CSI RS on those OFDM symbols carrying Rel-8 CRS antenna ports in the cell
· All other REs carrying PDSCH are valid CSI RS REs

· Translations of the base pattern can use all valid CSI RS REs conditioned on that the translated base pattern only maps to valid CSI RS REs for all RBs over the entire data transmission bandwidth and that no explicit boosting of CSI RS is supported
3. CSI RS Base Pattern
Many proposals on pattern design have been presented. Basic techniques include FDM, TDM, CDM and CSM and combinations thereof. A potential problem with pure FDM is that for the case of 8 Tx is that a boosting value of 9 dB would be required. This may be a problem for practical PAs which have a non-negligible EVM. For this reason, it has been decided to perform CDM among pairs of antenna ports so as to achieve a reduction in boosting values. 
Upon inspecting of the resource element grid, it is apparent that it is rather crowded and that only OFDM symbol 10 is completely free. OFDM symbol 9 would be available as well as long as a PDSCH using transmission mode 7 is not scheduled in the same subframe as the CSI RS transmission. However, not all REs in OFDM symbol 9 are occupied by antenna port 5 and those free REs can be used for CSI RS. In this context, it deserves to be mentioned that the frequency shifting of antenna port 5 among different cells does not present a problem for exploiting the free REs. Since antenna port 5 is UE specific and does not support boosting the interference level mimics the level found on data REs making the frequency shifts of other cells irrelevant for the placement of CSI RS.
Observation

· Antenna port 5 is UE specific and does not support boosting, making the frequency shifts of non-serving cells irrelevant in the placement of CSI RS
· Free REs in OFDM symbol 9 can be used even if antenna port 5 is configured

It should also be noted that transmitting to a UE using transmission mode 7 in the same subframe as a CSI RS transmission should probably in any case be avoided since the UE will then experience strong interference from the CSI RS transmission, thus significantly hampering the performance in that particular subframe. In fact, the same goes for all different kinds of Rel-8/9 transmissions, including the use of antenna port 5. For this reason, it also makes sense to not enable frequent use of CSI RS until a substantial portion of the UEs are supporting Rel-10 so that scheduling Rel8-/9 UEs around the CSI RS subframe does not present a problem. 
Observation
· In general not attractive to schedule Rel-8/9 kind of transmissions in subframes containing CSI RS

· This includes transmissions using antenna port 5

· Use of CSI RS not attractive until a substantial portion of Rel-10 UEs are being deployed

· Plenty of Rel-10 UEs to chose from for scheduling in subframes using CSI RS so performance impact of mainly restricting  Rel-8/9 UEs to other subframes should be small
4. Conclusions
This contribution discussed CSI RS design guidelines. According to the discussion above we conclude as follows:
· Support for cell specific subframe offset configured together with periodicity using higher layer signaling

· Support the design of a single fixed base pattern for each number of CSI antenna ports

· The base patterns for the different number of CSI antenna ports should be nested

· The base pattern can be translated within a subframe by configuring cell specific frequency shifting and OFDM symbol shifting
· Configuration of CSI RS, including periodicity, subframe offset, OFDM symbol offset and frequency shift, is RRC based and broadcast over the cell

· Always avoid CSI RS at least on

· OFDM symbols belonging to a potential control region

· Normally first three OFDM symbols except when system bandwidth is such that four OFDM symbols for control is supported

· OFDM symbols carrying Rel-8 CRS for antenna ports configured in the cell
· Avoid CSI RS on those OFDM symbols carrying Rel-8 CRS antenna ports in the cell
· All other REs carrying PDSCH are valid CSI RS REs

· Translations of the base pattern can use all valid CSI RS REs conditioned on that the translated base pattern only maps to valid CSI RS REs for all RBs over the entire data transmission bandwidth and that no explicit boosting of CSI RS is supported
