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1. Introduction

CSI-RS design is a topic with many outstanding issues. After RAN1 #60bis meeting, an email discussion was started addressing the following issues:
· Available REs for CSI-RS location

· CSI RS pattern

· Re-use factor per subframe

· How to inform UE about CSI-RS configuration

There is also an ongoing evaluation campaign for assessing muting and an LS has been sent to RAN4 [5] concerning possible impact of using 9 dB boosting on a single non-ideal PA.
This contribution presents our views on the issues mentioned in the email discussion as well as discusses the implications of muting when UEs are performing interference estimation.

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 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 constitutes a rather low 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 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 means of cell specific frequency shifting and OFDM symbol shifting

Some REs should always be avoided. This includes the first three OFDM symbols which are part of the control region and the OFDM symbols carrying CRS for antenna port 0 and 1. Considering likely combinations of number of CRS together with number of CSI antenna ports, it is not clear that OFDM symbols carrying CRS corresponding to antenna port 2 and 3 must to be avoided. So if only two 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. 

If UE specific RS for transmission mode 5 is not used, those 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 CRS for antenna ports 0 and 1

· Avoid CSI RS on OFDM symbols carrying CRS antenna ports 2 and 3, if they are configured 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. Depending on the response from RAN4 on the LS concerning the implications of such high boosting values, FDM may not be an option. 
To reduce the boosting value, it is necessary to transmit more than one antenna port on the same time-frequency resource. Hence, CDM either in time (CDM-T) or in frequency (CDM-F) is needed. A potential issue with CDM-T is that it would require at least two, preferably consecutive, OFDM symbols. By inspecting the rather crowded resource element grid it is seen that OFDM symbol 10 is completely free and that 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. Thus, a base pattern using CDM-T would fit in OFDM symbol 9 and 10 as long as there are no concerns about collisions with DMRS for transmission mode 7. 
It should be noted that a transmission from 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. Nevertheless, if such concerns regarding transmission mode 7 exists, a possibility is instead to pair wise multiplex antenna ports using CDM-F with an OCC length of 2 for the base pattern and hence being able to map all CSI RS to OFDM symbol 10 only. Assuming there is no significant performance degradation of CDM-F compared to the other designs, this appears as a very reasonable decision to take at this stage considering that it would allow progress by automatically avoiding two potential controversies:
· Need of excessive boosting for 8 Tx

· CSI RS collisions with DMRS for transmission mode 7
CDM-F on a single OFDM symbol also seems to be compliant with the resource element grid for extended CP where OFDM symbol 8 would at least be available.
Proposal

· Adopt pair wise multiplexing of antenna ports using CDM-F unless there is a significant performance degradation compared to other patterns

· Avoids the need to wait for and interpret RAN4 LS response and bypasses the controversies related to DMRS for transmission mode 7.
4. Interference Measurability

In order for the UE to send proper feedback, the channel as well as the interference needs to be estimated. The latter entity is often overlooked, with detrimental impact on the system performance. Obtaining estimates of interference implies measurements on some resources. For this to work, the interference seen on the measurement resources must be representative of the interference level that the PDSCH experiences. This principle should be up hold in high load as well as low load scenarios. Ignoring this design principle and for example allowing measurement resources to be hit by cell specific RS transmissions from other cells could have a severe detrimental impact on the performance in lightly loaded scenarios since the CQI reporting becomes highly pessimistic even though there is almost no interference on the PDSCH due to the absence of traffic in neighboring cells [1] . Measurements can be conducted on resource elements (REs) carrying cell specific RS, such as CSI RS, or on some other cell specific resources dedicated for interference measurements. Possibilities for dedicated interference measurement resources include hopping silent REs [1] as well as scheduled silent transmissions [2] 
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[3] .

Observation

· Accurate measurements of interference as seen on PDSCH crucial for efficient system operation

· Both high and low load scenarios must be taken into account

Proposal

· Ensure that REs used for interference measurements see similar interference as the REs belonging to PDSCH 

5. Impact of Muting on Interference Estimation
Muting of PDSCH REs colliding with CSI RS transmissions in other cells have been proposed [4] as a way of raising the SINR on the REs carrying CSI RS and thereby improving the channel estimates. This might be something to consider for some deployments like CoMP where the UE may need to estimate channels of non-serving cells. The underlying problem is that non-serving cells have lower received power than serving cell which may lead to unfavorable SINR levels on the CSI RS REs. The serving cell’s PDSCH as well as other cells’ PDSCH could then be muted in an attempt to raise the SINR on the CSI RS to improve the estimation of non-serving cells’ channels. On the other hand, CoMP is primarily for cell-edge UEs and for those it is not clear that the SINR is substantially lower than for normal uncoordinated system operation where only serving cell channels are needed and where muting is unnecessary. 
There is also an interesting relation between introducing muting and the possibilities for the UEs to measure the inter-cell interference. If muting is not employed, interference can be measured on CSI RS REs. But if muting is used, cell specific silent resources dedicated for interference measurements need to be introduced so that requirements on interference measurability are fulfilled.

Observation

· If support of muting is introduced, the resulting problem of inter-cell interference measurability needs to be solved as well.
· In case of muting, cell specific silent resources dedicated for interference measurements need to be introduced
6. Conclusions
This contribution discussed CSI RS design constraints as well as muting. 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 means of cell specific frequency shifting and OFDM symbol shifting

· 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 CRS for antenna ports 0 and 1

· Avoid CSI RS on OFDM symbols carrying CRS antenna ports 2 and 3, if they are configured 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 data transmission bandwidth and that no explicit boosting of CSI RS is supported
· Adopt pair wise multiplexing of antenna ports using CDM-F unless there is a significant performance degradation compared to other patterns

· Avoids the need to wait for and interpret RAN4 LS response and bypasses the controversies related to DMRS for transmission mode 7.

· Ensure that REs used for interference measurements see similar interference as the REs belonging to PDSCH

· If support of muting is introduced, the resulting problem of inter-cell interference measurability needs to be solved as well.

· In case of muting, cell specific silent resources dedicated for interference measurements need to be introduced
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