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1. Introduction
In RAN1 64 meeting, CoMP scenarios were further discussed in detail, especially for CoMP scenario 4, where distributed low-power RRH would have the same cell ID as macro-eNB [1]-[5]. This use of a single cell ID implies transmission points’ (TPs’) reference signals will behave differently than in the case where each TP has its own cell ID.  In general, to support this scenario, several aspects needs to be considered
1. Support of legacy UE

2. Transmit of CRS and legacy control channel

3. Control channel enhancement for new UE
4. Reference signal configuration for low power RRH

5. MIMO transmission and feedback

In this contribution, we focus on the use of reference signals in channel measurement and CSI feedback for a system with low-power RRH. 
2. Downlink CSI feedback for low power Node  
Figure 1  shows an example deployment layout of heterogeneous network with a macro-eNB and a couple of RRH spreading in the cell. The RRH covers a smaller area as compared with Macro-eNB, and therefore its transmit power would be lower. The connection between RRH and macro-eNB is assumed to be fibre optics. That leads to such a fact that delay of data exchange between RRHs and eNB would be minimal, or could be ignored in the study phase. 
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Figure 1:  HetNet with RRH

Two scenarios could be considered in this deployment layout. The first is the RRH has its own cell ID, which is different from that of the macro-eNB. That is similar to the HetNet deployment with pico cells spreading within the coverage of a macro-cell. The other scenario would be that the RRH carries the same cell ID of that of the macro-cell, which implies no new cell is created in the macro-eNB coverage. The second scenario as introduced is a new scenario, which has some merits such as there is no need to introduce new CRS, and therefore, reduce the collision chance of CRS with other channels such as data channel as seen in the previous scenario, it also converts a CoMP system into more of a MIMO system, where RRH could be viewed as the extension of antennas from the macro-eNB. However, this new deployment also introduces some issues, which we believe needs to be carefully dealt with. 
The most outstanding issue would be the configuration and usage of reference signals. For Rel-8, common RS is used for both channel measurement/feedback and demodulation. In Rel-9,  DM-RS is introduced for demodulation, and in Rel-10, CSI-RS is introduced for channel measurement/feedback and DM-RS is used for demodulation.  For a system with RRH, in order to support legacy UE, CRS need to be transmitted. There are two options to transmit CRS
1. Transmit CRS only from macro-eNB

2. Transmit CRS from macro-eNB and RRH (all TP)

As all common control channels need CRS for their demodulation, the common control channels should also be transmitted following where CRS are transmitted.  For option 1,  as CRS is transmitted from eNB only, all PDSCH for legacy UEs should also be transmitted from eNB, therefore, there is no benefit for legacy UEs in terms of RRH deployment. For option 2, as CRS are transmitted from all TPs including RRHs, legacy UEs may benefit from transmission of RRH, for example, with improved SNR.

For Rel-11 UEs, as the issue for backward compatibility does not exist, feedback based on some new design could be considered to exploit the transmission from RRH.  Several options are discussed in the following 
2.1. DL CSI feedback enhancement based on UE specific reference signals 

To facilitate flexible DL CSI feedback about an individual or a group of TPs in a cell, UE specific DL sounding reference signal (UE-DL-SRS) can be introduced, similar as uplink sounding signal.  

There are two applications of UE-DL-SRS based DL CSI measurement and feedback. In the first application, DL CSI for each of the TPs that may be used for DL transmission to a UE can be  measured  and fed back individually.   In the second application, multiple TPs can be considered together as a single transmitter with multiple distributed antennas. In this case, DL CSI is calculated jointly with a single CSI feedback from the UE. 

After the TPs that are in close proximity to a UE have been determined approximately, a CSI measurement and feedback request can be sent to the UE followed by UE-DL-SRS transmission over one or multiple of the TPs for  DL CSI measurement and feedback for the TP or TPs.   Using UE3 in Figure 2 as an example, the eNB may have determined that the macro-eNB, RRH2 and RRH3 are in close proximity to the UE and thus is interested in the DL CSI from those TPs.  
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Figure 2: CSI feedback based on UE specific RS

In one scenario, this can be done by sending individual CSI requests to the UE.  Each request would request the UE to feedback the CSI measurement and feedback of each interested TP, such requested would be followed by the transmission of UE-DL-SRS to the UE for that particular TP. In another scenario, a joint DL CSI feedback for multiple TPs could be done, which is followed by the transmission of a set of UE-DL-SRS for all the interested TP.  

Similar as uplink sounding signal configuration, each set of UE-DL-SRS configurations may include the following information:

· Number of UE-DL-SRS ports,  e.g. {1,2,4,8}

· Frequency domain locations such as starting frequency and bandwidth

· Time domain locations such as subframes  

· Periodicity and subframe offset 

· Code sequences, e.g. cyclic shifts of a predefined or semi-statically configured base sequence

· UE-DL-SRS to PDSCH power ratio

The pros of UE specific reference signal is that it could be transmitted on needed basis and may not need to be transmitted periodically. It could be transmitted on selected bandwidth where the data could be scheduled for the UE. That provides more flexibility in channel sounding.  The cons of this approach is that UE specific reference signal may only be used by a particular UE or a group of UEs, and therefore, may not benefit all the UE in the coverage. 
2.2. DL CSI feedback enhancement based on TP specific CSI-RS configuration

Alternatively, TP specific CSI-RS may be used for TP specific DL CSI feedback from a UE.  TP specific CSI-RS could be based on the CSI-RS defined in Rel-10.  In Rel-10, CSI-RS are introduced for DL CSI measurement and feedback. The number of CSI-RS ports or signals is signalled to UEs through RRC (Radio Resource Control) signaling and up to eight CSI-RS ports per cell are supported.  CSI-RS reference signals are periodically transmitted from a cell and are intended for all the UEs served by the cell.  The periodicity, subframe offset, as well as time and frequency resources within a subframe are semi-statically configured. 

For Rel-10 UEs configured with transmission mode 9, CRS are not required for PDSCH demodulation due to the UE specific DMRS introduced in Rel-10, thus PDSCH can be transmitted over different antenna ports from CRS.  For a UE close to a TP, which could be determined based on UL measurements, PDSCH data for the UE could be sent via only that TP. The UE can demodulate the signal using DMRS.  However, the UL channel information obtained by the eNB is generally not enough for determining the proper DL Tx precoding and MCS (modulation and coding scheme) for a UE, at least for FDD. To have precise DL channel information for Tx precoding and MCS assignment at a TP, DL CSI measurement and feedback for the TP from the UE is needed.  

Three possible configuration examples for CSI-RS in a cell with RRHs having the same cell ID as the macro-eNB are shown in Figure 3 . The advantages and disadvantages of the configurations are discussed below.  
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Figure 3: TP specific CSI-RS configuration examples
In config#1, the same CSI-RS signals are sent from the macro-eNB and the RRHs. For example, CSI-RS0 is transmitted from antenna port 0 of all the TPs.  As a result, for antenna ports 0 and 1 in the example, composite channels are seen at a UE.  So for a UE, antenna ports 0 and 1 are virtual antennas, i.e. each is combination of antenna port 0 or antenna port 1 of all the TPs.  All channels  for which CRS are needed for demodulation need to be transmitted over the same virtual antennas.   Some enhancement for Rel-10 UEs may be achieved under this configuration due to macro diversity, but DL resources cannot be reused among different RRHs.

In config#2, different CSI-RS ports are assigned to the RRHs and the antenna ports in the RRHs are treated as part of the macro-eNB.  The benefit of this configuration is that joint DL CSI measurement and feedback from all the TPs can be done to support joint DL PDSCH transmission.  However, due to the limitation of maximum eight CSI-RS ports per cell defined in the current Rel-10 spec, the number of RRHs can be supported is limited.  In addition, each UE needs to report DL CSI based on up to eight CSI-RS ports even though it may be close to only one RRH. Also, the feedback CSI does not provide eNB with information about which transmission point a UE is close to so that PDSCH may be transmitted to a UE only from a transmission point close to the UE. Therefore, similar to config#1, DL resources cannot be easily reused in different RRHs. 
In config#3, a unique set of CSI-RS is assigned to each TP, either the macro-eNB or a RRH. CSI-RS resources assigned to the TPs are mutually orthogonal in either the time or the frequency domain.  The CSI-RS resources are not to be used for PDSCH transmission from any TP in the cell, i.e.  PDSCH transmission is muted in the CSI-RS resources One of the limitations of this option is that although different UEs may be configured with different zero and non-zero transmission power CSI-RS configurations depending on the their locations, the full sets of CSI-RS configurations are the same for each UE in a cell.  When a large number of TPs are deployed in a cell,  a large CSI feedback overhead may be needed to support coordinated multipoint transmission with the existing Rel-10 signalling.

The pros of this scheme is that CSI-RS is linked to a TP and therefore , it could be used by all the UE in the coverage of the TP for the channel measurement and feedback. The cons is that as it reuse the CSI-RS defined in rel-10,  it may need to modify the design of CSI-RS if the total number of CSI-RS ports is larger than 8,  
2.3. CSI Feedback and CSI-RS configuration
To reduce the impact to the UE and the system, it is preferable to reuse the existing feedback modes developed in Rel 8-10 if possible. If such effort does not provide necessary performance gain, a modified feedback could be considered which could be  adopted in Rel. 11 or further releases. The CSI-RS should be designed such that the UE could measure all channel state information from its serving cell, other coordination points, or any interfering TP whose received signal is higher than a threshold. The UE may not need to know if a CSI-RS port is from its serving cell or from a potential CoMP transmission points. Hence, the UE should be able to measure those channels and use some existing feedback modes, such as those developed in Rel-10 or some modified  feedback schemes, to feed back  some channel indicators based on all measured  channel state information from potential CoMP transmission points, instead of sending separate channel reports to those points which drastically increases the feedback overhead. It is desirable that the UE just feed back this channel indicator to just its serving cell. It is certainly up to the backhaul to share channel information and data among transmission points for more complicated CoMP transmission such as inter-eNB CoMP. However, it could be beneficial if CoMP transmission points can share/negotiate some extra information other than data or channel state information which may allow the support of some advanced schemes for Rel-11 or future releases.
To the UE, CoMP transmission could be viewed as transmission from an extended cell which consists of multiple coordination transmission points. Different orthogonal CSI-RS ports could be configured for different transmission points. Coordination points in a CoMP transmission could be looked from a virtual cell from UE perspective. A UE could be configured in CoMP transmission or single cell transmission either dynamically or semi-statically. 

3. Conclusions

In this contribution, reference signal configuration for a system with low-power RRH are discussed, for both legacy UE and new UE.  We believe the design principle could be based on the flexibility, overhead and performance. In study phase, it would be beneficial to keep more options and leave the final decision to be made in the working phase.  Based on such considerations, we propose to use the following principle in the reference signal design for low power node  
Downlink CSI feedback based on both UE-specific and TP-specific reference signal configuration could be considered.  
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