3GPP TSG RAN WG1 meeting #70




 


 
 

   R1-123137
Qingdao, China, 13th - 17th August 2012

Agenda Item:
7.5.1.2
Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

Title:
CQI Definition and Interference Measurement for CoMP
Document for:
Discussion and Decision 
1 Introduction
In RAN1 #68bis, it was concluded that 

· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

In RAN1 #69, it was concluded that 

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

During the email offline discussion after RAN1 #69 [1], it was agreed that RAN1 #70 will aim to maximize the number of configurations of the interference part of CSI while keeping realistic interference measurement accuracy and performance. We will discuss our views of IMR configurations for CoMP in this contribution. 

2 Interference Measurements in CoMP
CSI-RS-resources configured for CSI estimation are non-zero-power and are primarily designed for CSI estimation, especially for MU-MIMO and CoMP which are sensitive to the accuracy of CSI feedback.  The non-zero power of the CSI-RS in those resources does not facilitate accurate interference measurement on the same resources because additional assumptions have to be introduced by the UE, e.g. isotropic distribution of transmission from the TP transmitting the CSI-RS, and an assumed transmission power. Such assumptions are not realistic, because they do not take into account the actual patterns of precoder selection, scheduling and transmission power distribution. It is impossible for a real TP actually to make an isotropic transmission while complying with the specifications, and therefore such an assumption deviates from the established principle of CSI reporting whereby the UE’s derived CSI corresponds to actual feasible transmission schemes and real measurements. Any changes in the scheduling pattern of the neighbouring TPs would not be taken into account by such a hypothetical construction of the interference. The IMR should be designed for improved interference estimation with different transmission schemes, and therefore deriving an interference measurement from an IMR with non-zero-power CSI-RS at the UE side will not be as accurate or as useful as using a zero-power IMR to make a real measurement.
Proposal 1: Only ZP CSI-RS resources should be able to be configured as IMRs.  

Zero power (ZP) IMRs can be used to explicitly measure the interference. Therefore they provide unambiguous interference measurements.  It has been agreed to use RRC signalling to indicate the CSI-RS configuration by which the UE should measure interference when generating CQI reports. Therefore the configuration of IMRs for a UE will depend on CQI reports and CoMP schemes that are expected by the network and can be updated by RRC signalling. Therefore how to configure IMRs is an implementation issue related to scheduling design, backhaul capacity and latency, network layout, etc.  Consider a simple example of an IMR configuration as follows:
Table 1 The Configuration of CQI reports for a UE
	
	Channel Part
	Interference Part
	Comments

	CSI process #1
	NZP CSI-RS #1
	IMR #1
	Interference measurement excluding TP1

	CSI process #2
	NZP CSI-RS #2
	IMR #2
	Interference measurement excluding TP2

	CSI process #3
	NZP CSI-RS #3
	IMR #3
	Interference measurement excluding TP3


Each IMR in Table 1 will measure a total interference excluding its transmission point. This enables CoMP schemes like CS/CB and DPS to be efficiently supported.  
However CQI report feedback by using the configuration in Table 1 might be a little pessimistic for CS/CB and DPS due to the long term averaged interference observation without taking CoMP interference mitigation.  An alternative approach would be to use a common interference part measured from outside the cooperating set for all the CSI processes configured for a UE. This might result in optimistic CSI, but this could be compensated by outer-loop adjustment by the eNB. Moreover, CSI feedback enhancement by partitioning a large antenna array into a number of antenna subsets would favour using a common interference hypothesis for multiple CSI feedback processes [3]. Then the configuration of CQI processes might be as follows:
Table 2 The Configuration of CQI reports for a UE
	
	Channel Part
	Interference Part
	Comments

	CSI process #1
	NZP CSI-RS #1
	IMR #1
	Interference outside cooperating set

	CSI process #2
	NZP CSI-RS #2
	IMR #1
	Interference outside cooperating set

	CSI process #3
	NZP CSI-RS #3
	IMR #1
	Interference outside cooperating set


Note that switching the configurations of Table 1 and Table 2 is conducted by reconfiguring multiple CSI processes for the UE through RRC signalling.  This means that interference hypotheses that are suitable for different CoMP schemes can be switched semi-statically. In the examples shown in Table 1 and Table 2, the maximum number of IMRs needed for a UE, and the maximum number of CSI processes, do not exceed the size of the CoMP Measurement Set. Such a number can be a reasonable compromise between the number of IMRs that is needed for supporting reasonable CoMP schemes in Rel-11 and the number of IMRs that could in theory be configured by the network to support dynamic switching between arbitrary CoMP schemes. CoMP schemes are primarily for the UEs with slow mobility, and we cannot see strong motivation support dynamic switching of all possible CoMP schemes, which would require the configuration of many IMRs and would quickly consume resources with limited benefit. Moreover, configuring same number of IMRs as the size of CoMP measurement set would be straightforward conceptually. It will avoid the complexity of introducing the concept of “IMR subset”.  
Proposal 2: The maximum number of IMRs that can be configured for a UE is equal to the size of CoMP Measurement Set. 
Observation 1: Different interference hypotheses of CoMP schemes that the network wants to operate can be supported by updating IMR configurations through RRC signalling.
The IMR configuration is UE-specific. However a ZP CSI-RS resource configured as an IMR should be reusable for all UEs if those UEs need to measure the same interference hypothesis.  For example, IMR #1 in Table 1 aims to support CS/CB with a single interference hypothesis. Such IMR #1 can be used by all UEs within the coverage of a CoMP cooperating set.  The exact configuration of IMRs depends on which CoMP schemes the network wishes to support and which CQI reports the network wishes to collect from a UE.
Observation 2: The IMRs can be shared by multiple UEs within same CoMP cooperating set. 
It has been agreed that an IMR will occupy a subset of REs that can be configured as Rel-10 ZP CSI-RS. The simplest solution is to reuse a Rel-10 ZP CSI-RS configuration and define similar signaling so that an IMR has a granularity of 4REs/PRB by default. Some concerns raised from the previous meeting are about the maximum number of configurations of IMRs supportable by the network to give a sufficient reuse factor, since an accidental collision between two IMRs would result in a lower interference estimate than should be the case. However, we do not foresee that this will be a major limitation of CoMP. Firstly, as discussed above, 3 IMRs per CoMP cooperating set should be sufficient, and these IMRs can be shared by UEs within the same CoMP cooperating set. Secondly, even if an accidental collision between IMRs does occur, the consequences in terms of slightly underestimated interference (which will be compensated automatically by outer-loop CQI correction) are much less serious than the corruption of channel estimates for demodulation that occurs if there is an accidental collision of Cell IDs.  
The reuse factor for IMRs is given by the number of IMRs that can be configured per subframe multiplied by the periodicity of the IMRs. So with 4 REs per IMR, a reuse factor of 100 can be achieved if a 10ms periodicity is configured. 

If this is not considered sufficient, either the periodicity can be lengthened (20ms periodicity would give a reuse factor of 200), or a Rel-10 ZP CSI-RS could be split into 2 IMR configurations so that the granularity of an IMR becomes 2REs/PRB and the total number of IMRs is doubled compared to the granularity of 4REs/PRB. The loss of interference estimation accuracy due to the reduced number of REs per IMR might be compensated by following ways:
· Interference estimation from the IMR may be combined with the interference estimation from the CRS for some CoMP schemes, for example CS/CB. 
· A longer interference averaging window could be used by the UE.
Proposal 3: If considered necessary, the granularity of IMR can be 2REs/PRB by considering Rel-10 CSI-RS corresponding to 2 ports. 
Observation 3: The network is able to configure four, six or more ZP REs per PRB for a UE for better interference estimation by aggregating and indicating two or more 2-ports CRI-RS resources to the UE for each IMR, if sufficient resources are available. 
3 Conclusions

The exact configuration of CoMP measurement set and IMRs are a more or less network implementation issue depending on CoMP transmission schemes supported by the network, available NZP CSI-RS and IMR resources, scheduling design etc. Above proposals represents comprise between complexity of dynamic CoMP scheme switching and required signaling/measurement support. 

From our analysis, following observation and proposals are made:

Proposal 1: Only ZP CSI-RS resources should be able to be configured as IMRs.

Proposal 2: The maximum number of IMRs that can be configured for a UE is equal to the size of CoMP Measurement Set. 
Observation 1: Different interference hypotheses of CoMP schemes that the network wants to operate can be supported by updating IMR configurations through RRC signalling.
Observation 2: The IMRs can be shared by multiple UEs within same CoMP cooperative set. 
Proposal 3: If considered necessary, the granularity of IMR can be 2REs/PRB by considering Rel-10 CSI-RS corresponding to 2 ports. 
Observation 3: The network is able to configure four, six or more ZP REs per PRB for a UE for better interference estimation by aggregating and indicating two or more 2-ports CRI-RS resources to the UE for each IMR, if sufficient resources are available. 
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