3GPP TSG-RAN WG1 Meeting #56bis
R1-091221
Seoul, Korea, March 23 – 27, 2009
Source:
NEC Group
Title:
CQI-RS for LTE-Advanced
Agenda Item:
15.1
Document for:
Discussion and Decision
1 Introduction
The way forward agreement on downlink reference signal (DL RS) for LTE-A in RAN1#56 meeting specifies that there will be two types of RS [1], namely:

· RS targeting PDSCH demodulation

· RS targeting Channel State Information (CSI) generation (for CQI/PMI/RI/etc reporting when needed)

RS targeting CSI generation is also known as CQI-RS. 

On the CQI-RS, it is further agreed that [1], CQI-RS for LTE-A operation are
· Cell specific

· Sparse in frequency and time (mainly motivated by the need of low overhead)

In this contribution, we discuss and present our views on some further issues on CQI-RS.
2 Further considerations on CQI-RS
2.1 Reuse of LTE Rel-8 CRS as CQI-RS
In order to enable efficient reuse of LTE Rel-8 CRS and at the same time minimise CQI-RS overhead for LTE-A UEs, CQI-RS to be monitored by LTE-A UEs can consist of LTE Rel-8 CRS and LTE-A only CQI-RS [3]

 REF _Ref224388031 \r \h 
[4][8]. This seems to be a sensible approach since Rel-8 CRSs of up to 4 layers are anyway always present in every subframe. However, a cell supporting 8 layers of transmissions (8 virtual antenna ports) may not necessarily have 4 Rel-8 CRSs available to allow for the flexibility to minimise the CRS overhead from Rel-8 by providing the capability to turn off some of the Rel-8 CRSs. In addition, it should be possible that LTE networks deployed with 2 TX antennas for Rel-8 can skip upgrading to 4 Tx (Rel-8) and be allowed to upgrade to LTE-A (for up to 8 transmission layers). Hence, in our view, the following combinations of Rel-8 CRS and LTE-A only CQI-RS can be considered for the case of 8 transmission layers:
· 4 Rel-8 CRSs + 4 LTE-A only CQI-RSs
· 2 Rel-8 CRSs + 6 LTE-A only CQI-RSs

2.2 Backward compatibility

We support the view that CQI-RS must not cause interference to signals important for basic system operation for LTE Rel-8, namely Rel-8 CRS, Rel-8 DRS, PBCH, PDCCH, PSS, SSS  [2]

 REF _Ref224388172 \r \h 
[5]. CQI-RS should have limited negative impact to PDSCH transmission for LTE Rel-8 UEs, including PDSCH transmission scheduling and PDSCH reception performance [7].

To this end, a candidate design is presented in Figure 1, where the CQI-RS of a transmission layer is located in the last OFDM symbol of a subframe, assuming 2 CQI-RS REs per resource block. 
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Figure 1: Candidate CQI-RS design

When there are multiple layers, LTE-A only CQI-RS for multiple layers can be multiplexed in a FDM fashion or in the mix of CDM and FDM fashion as shown in Figure 2and Figure 3, respectively.
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Figure 2: Example of FDM of 4 CQI-RS
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Figure 3: Example of FDM+CDM of 4 CQI-RS
In addition, we think that the PDSCH transmission for the Rel-8 UE shall be allowed to be assigned the resource blocks that carry CQI-RS LTE even though Rel-8 UE doesn’t know the location of the LTE-A only CQI-RS. In this case, PDSCH symbols that collide with the LTE-A specific CQI-RS can be punctured. Performance degradation for LTE UE expected but can be alleviated through eNB action by assigning lower Modulation and Coding Scheme (MCS) level IMCS to reduce the code rate, or by simply avoiding scheduling the LTE Rel-8 UE to the resource blocks that contain CQI-RS [6]
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[7].
2.3 Wideband and “Sparse” CQI-RS

CQI-RS should be “wideband”, i.e. able to cover the entire system bandwidth (within a component carrier) [3]. At the same time, the CQI-RS should be sparse in frequency. 
To this end, we propose to introduce the concept of subband for CQI-RS. CQI-RS subband can be defined in the similar way as the CQI-reporting subband for LTE Rel-8 (Section 7.2 of [9]).  There is only one resource block in a CQI-RS subband that contains CQI-RS. The total number of resource blocks that contain CQI-RS is determined based on the system bandwidth for a single component carrier. An illustration of the CQI-RS subband concept for 20Mhz bandwidth is shown in Figure 4. The resource block within a subband that contains CQI-RS can be either configurable by the higher layer (shown as RBoffset in Figure 4) or can be cycled in a round-robin manner.
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Figure 4: Illustration of CQI-RS subband concept for 20MHz bandwidth

The advantages of such approach are:
· The resource blocks containing CQI-RS is uniformly distributed over the system bandwidth, hence fulfilling the “wideband” and “sparse” requirements
· Configurable offset parameter or the round-robin method ensures all resource blocks can be used to carry CQI-RS.

· Minimise the impact on legacy UEs (LTE Rel-8) by minimising the number of resource blocks that contains CQI-RS within a subband
2.4 Transmission period configuration of LTE-A only CQI-RS

It has been proposed that the transmission period or duty cycle of CQI-RS can be configurable in time [8]. A convenient approach is to define the transmission period in a similar way as the CQI reporting period. However, the transmission period of CQI-RS is cell-specific but the CQI reporting period is UE-specific. An illustration of 2ms configuration is shown in Figure 5.
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Figure 5: Illustration of CQI-RS transmission period of 2ms
2.5 CoMP CQI-RS interference mitigation

To allow LTE-A UE to measure and report sufficiently accurate CSI of the CoMP cells to enable high-performance CoMP operation, the interference among the CQI-RSs of the CoMP cells should be minimised [2].
To allow for robust CQI-RS intercell interference avoidance/mitigation, a set of higher-layer configured cell-specific offsets, namely subcarrier offset foffset, resource block offset RBoffset and subframe offset SFoffset can be considered. Examples of how subcarrier offset foffset, resource block offset RBoffset, and subframe offset SFoffset are shown in Figure 6, Figure 7, Figure 8 , respectively.
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Figure 6: Illustration of CQI-RS intercell-interference mitigation with cell-specific foffset
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Figure 7: Illustration of CQI-RS intercell-interference mitigation with cell-specific RBoffset
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Figure 8: Illustration of CQI-RS intercell-interference mitigation with cell-specific SFoffset
2.6 Collision between PDSCH for LTE-A and CQI-RS from other cells

PDSCH transmission for LTE-A UE from the serving cell (anchor cell) may interfere with CQI-RS transmission from the neighbouring cells participating in the CoMP transmission. In this case, puncturing data REs of serving cells if weak CQI-RS from neighbouring cells and data of serving cells collide can be considered as proposed in [2].

3 Conclusions
In this contribution, we considered further issues with CQI-RS and present our views on these issues, in particular:

· Reuse of LTE Rel-8 CRS should be supported, considering the following combinations:
· 4 Rel-8 CRSs + 4 LTE-A only CQI-RSs

· 2 Rel-8 CRSs + 6 LTE-A only CQI-RSs
· Backward compatibility

· We support the view that CQI-RS must not cause interference to signals important for basic system operation for LTE Rel-8, namely Rel-8 CRS, Rel-8 DRS, PBCH, PDCCH, PSS, SSS. CQI-RS should have limited negative impact to PDSCH transmission for LTE Rel-8 UEs, including PDSCH transmission scheduling and PDSCH reception performance. Candidate design is provided.
· Wideband and “Sparse” CQI-RS

· We propose to introduce the concept of subband for CQI-RS. CQI-RS subband can be defined in the similar way as the CQI-reporting subband for LTE Rel-8. In addition, there is only one resource block in a CQI-RS subband that contains CQI-RS to minimise the impact on legacy UEs
· Transmission period configuration of CQI-RS

· A convenient approach is to define the transmission period in a similar way as the CQI reporting period.
· CoMP CQI-RS interference mitigation

· To allow for robust CQI-RS intercell interference avoidance/mitigation, a set of higher-layer configured cell-specific offsets, namely subcarrier offset foffset, resource block offset RBoffset and subframe offset SFoffset can be considered. Examples of how these parameters can be used were provided.
· Collision between PDSCH for LTE-A and CQI-RS from other cells

· Puncturing data REs of serving cells if weak CQI-RS from neighbouring cells and data of serving cells collide can be considered as proposed in [2]
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