3GPP TSG RAN WG1 Meeting #69                           R1-122132

Prague, Czech Republic, 21st – 25th May 2012

Source:
ZTE

Title:
CQI definition for CoMP
Agenda Item:
7.5.1.2

Document for:
Discussion and Decision

1 Introduction
Potential specification impact of CoMP transmission has been discussed and identified in [1].  According to the discussion, CSI feedback enhancement mechanism for DL CoMP is a major issue of standardization work in Rel-11. CQI is one of the core CSI feedback elements which should be taken into account for different CoMP schemes.  
In RAN1#66bis, the following working assumption on the CSI feedback was agreed:
· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above.
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
In this contribution, we mainly focus on the CQI definition for CoMP and present our views on CQI definition for CoMP.
2 Per-CSI-RS-resource CQI for CoMP
There are two types of CQIs for CoMP, i.e. aggregated CQI and per-CSI-RS-resource CQI. Per-CSI-RS-resource CSI feedback is agreed which essentially means per-CSI-RS-resource CQI is expected to be supported in Rel-11.  However, the details like interference assumption have to be discussed.  Here we consider the case when the per-CSI-RS CQI is computed without interference from CoMP measurement set.
In this approach, UE feeds back per-CSI-RS-resource CQI corresponding to each cell in measurement set as shown below Eq.(1) . eNB decides the transmission point(s) according to the reported CQIs. However, it is not trivial for the eNB to derive the MCS for all the possible combinations of transmission points.
An example of downlink CoMP system model is shown in Figure 1 where the CoMP measurement set for UE i consists of three cells: TP1, TP2 and TP3. TP1 is the serving cell of this UE.
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Fig.1：Illustration of SU JT(left),Coordinated Scheduling/Beamforming(middle),Dynamic TP Selection
Target UE calculates individual per-CSI-RS-resource feedback using CQI without interference from the measurement cells which can be represented by the SINR equations as shown below:
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where
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 is the effective received signal power from Cell i; N is the additive white Gaussian noise and I is the interference comes from outside of the measurement set.  Note that the interference term is not the same in reality due to different receiving weights.  Here we assume the same for approximate CQI derivation at eNB side.

If post-scheduled transmit precoding/beamforming weights 
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 based on per-point PMI feedback, adjustment of CQI can be done as below:
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If the target UE only feeds back these three CQIs, it is hard for eNB to compute accurate CQI in some situation which doesn’t match with the UE assumption that all TPs are involved in coordination.  e.g. for JT transmission scheme, CoMP UE’s transmission set is TP1 and TP2 while TP3 decide to serve other UE(s) and creates interference, eNB can only derive the CQI based on these three CQIs which can cause mismatch potentially.  
For example, taking the transmission set is
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, and the interference set is 
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, blanking set is 
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,  eNB can derive CQI roughly for JT/DPS/CS/CB from the general equation below:
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For DPS and CS/CB, size of transmission set is 1.  For JT, size of transmission set is more than 1.  
Note that for coherent JT, per-point CQI can’t take into account of the inter-point phase feedback.  eNB can roughly adjust the CQI based on the phase feedback e.g. [4]. 

There are a few issues which can cause potential mismatch: 

· Per-CSI-RS-resource CQI is derived based on the single cell assumption of PMI and RI which can lead to inaccuracy of final MCS determination at eNB side:
· Per-CSI-RS-resource CQI doesn’t take into account inter-CSI-RS-resource information like inter-point phase.  
· When interference information is derived from per-point CQIs, it would be similar to the case of the worst companion PMI which represents the case of the highest interference among all possible precoders in the codebook.  This leads to more conservative CQI.  
· CQI computation is based on post-receiver SINR calculation according to receiving weights which are different when different transmission point is assumed.  Hence the CQI accuracy can be affected when different combiner is assumed.  
· CQI is a quantized value corresponding to a combination of modulation scheme and transport block size. Non-zero CQI values can provide some rough SINR information but problem exists when it is out of range. When CQI is out of range, it means the link is not strong enough to support the lowest combination of modulation scheme and transport block size. However, when we view it in interference perspective, it doesn’t necessarily mean that it is sufficiently weak to be ignored.  Zero CQI provides no interference information to eNB. In this case, it is hard for eNB to adjust CQI.
Observation:  Per-point CQI assuming no interference from measurement set can enable approximate CQI computation for different CoMP schemes at eNB side.  However, the accuracy is not always good enough.
3. Potential enhancements 
In this section, we discuss some potential enhancements to the per-point CQI assuming no interference from measurement set.  It certainly adds UL overhead to do the enhancements on top of per-point CQI.  Note that there can be a lot of possible combinations of transmission points and interfering/muting points.  It is hard to fit into the UL overhead especially considering PUCCH if all the hypotheses are considered.  PUSCH has a more flexible overhead to accommodate different feedback payloads. Therefore we should consider these enhancements mainly on aperiodic feedback on PUSCH.  In [5], we illustrate the idea of reporting per-point CSI on periodic PUCCH so that the network can decide which CoMP scheme should be used.  Once it is decided, aperiodic feedback on PUSCH is triggered to get more detailed CSI for particular scheme.  With this in mind, we discuss the enhancements in more details below.
3.1 Aggregated CQI

Aggregated CQI refers to CQI computed based on CSI measurement aggregated across multiple CSI-RS resources.  Therefore, it is based on the hypothesis of which transmission points (corresponding to which CSI-RS resources) will be involved in the CoMP joint transmission. If the hypothesis of transmission points at the UE is not aligned with the actual transmission points, it can be tricky for the eNB to determine the accurate CQI for actual CoMP transmission scheme setup and provide reliable link adaptation.  On the other hand, if the hypothesis of transmission points is aligned with the actual transmission, aggregated CQI is more accurate.  Also, aggregated CQI computation can take inter-point phase into account. Hence aggregated CQI can be seen as a complementary to per-point CQI.  

Simulations [6][7] have been shown that aggregated CQI provides meaningful gain (5-10% on cell edge) for both non-coherent JT and coherent JT.  To realize full JT gain, aggregated CQI should be supported.  Inter-point phase can be supported transparently as described in [7]
Proposa1 1:  Aggregated CQI should be standardized as it provides meaningful gain on JT.  
If aggregated CQI is supported on top of this transparent approach, it can be either derived from based on two PMIs corresponding to the two TPs, i.e.
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or based on three PMIs where PMI3 represent inter-point phase:
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which basically represent aggregated CQI for non-coherent JT and coherent JT respectively.

The function F includes port-mapping to form the aggregated channel and forming the final precoder based on the multiple PMIs.  This relationship is needed to be added to the new definition of CQI if aggregated CQI is supported.  

3.2 Per-point CQI with multiple interference hypotheses
Instead of deriving CQIs with different interference conditions based on per-point CQIs at eNB side, eNB can configure UE to feed back multiple CQIs with different interference hypotheses.  For example, the UE feeds back two CQIs corresponding to each point for DPS with blanking and without blanking respectively.  Interference measurement scheme [2] needs to be flexible enough for UEs to measure different interference conditions.  
In order for the CQI definition to support multiple interference hypotheses, we can make the modification based on definition of the Rel-10 eICIC resource-restricted measurement.  For example, for aperiodic feedback, the IMR set which is closest to the time of triggering can be the interference reference resource to reflect certain interference hypothesis.  More details on configuration are described in [8] and simulation results are shown in [9].
Proposa1 2:  Per-point CQI with multiple interference hypotheses should be considered at least for aperiodic feedback in which more feedback overhead is available. 

3 Conclusion
CoMP CQI definition is discussed in this paper.  Our observation and proposal can be summarized as follows:
Observation:  Per-point CQI assuming no interference from measurement set can enable approximate CQI computation for different CoMP schemes at eNB side.  However, the accuracy is not always good enough.
Proposa1 1:  Aggregated CQI should be standardized as it provides meaningful gain on JT.  
Proposa1 2:  Per-point CQI with multiple interference hypotheses should be considered at least for aperiodic feedback in which more feedback overhead is available. 
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