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1 Motivation
[bookmark: _GoBack]In RAN1#82, the definitions of CSI measurement restrictions were agreed. The benefit of disabling NZP CSI-RS interpolation across subframes is that a given beamformed CSI-RS resource for one UE can be re-used for another UE in another subframe, with different beamforming weights than for the first UE.  Note that in this case, multiple UEs may report CSI based on measurement on the same beamformed CSI-RS resource but beamforming weights will not be matched to all these UEs beam directions. However, the eNB knows which UEs CSI report is valid and useful and which UEs reports can be discarded (since the beam direction was not matched for that UE).  This is known as NZP CSI-RS resource pooling and is useful to reduce RS overhead for Class B operation as multiple UE share the same resource. Note that the underlying assumption is that the UEs that share the resource do not all have data in the downlink buffer, and thus require accurate CSI feedback simultaneously, since if this was the case the pooling would not bring benefits due to the induced CSI feedback latency. However, in reality, only a few served UEs have data simultaneously in their buffers and pooling is a useful enhancement. 

Subframe averaging restrictions for CSI-IM is useful for MU-MIMO operation, as instantaneous interference estimates are used in the CSI calculation. In addition, this will reduce the problems with the flashlight effect, hence this restriction is useful for both Class A and Class B CSI reporting. Hence, the network can ensure that the UE is estimating CSI which takes the interference from a co-scheduled user into account. This may lead to quite large interference fluctuations which also impacts estimated rank. However, this is the desired effect, the whole purpose of measurement restriction is to feedback the instantaneous CSI and not the long term averaged CSI. 

Observation: The purpose of measurement restriction is to give the network instantaneous CSI measurements from the UE instead of averaged measurements. This is beneficial in combination with the network system wide knowledge of instantaneously interfering transmissions and currently used beamforming directions 

Proposal: Measurement restriction (MR) for desired signal measurements and interference measurement is configured independently and applies to both class A and class B CSI reporting. MR configuration is per CSI process. 

2 Measurement restrictions
Three alternatives for MR were prosed during RAN1#82 for further study, while additional alternatives are not precluded. These are:
· Alt.1: Fixed MR ON or OFF via higher-layer configuration
· X/Y are fixed to a single value respectively in specification
· Alt.2: Configurable MR ON or OFF via higher-layer configuration
· X={OFF, 1, … , NX} are higher-layer configurable
· Y={OFF, 1, … , NY} are higher-layer configurable 
· Alt.3: CSI measurement is periodically reset
· Reset period and subframe offset are higher-layer configured
· Note: X  is selected by the UE between 1 and ZX where ZX is the number of CSI-RS subframes between the latest measurement reset and the CSI reference resource.
· Note: Y  is selected by the UE between 1 and ZY where ZY is the number of CSI-IM subframes between the latest measurement reset and the CSI reference resource.

Alternative 1 and 2, in case X/Y>1 have the problem that there is a moving window of measurements. This will produce a lot of waste due to measurements that are windowed over an interference transient (for IMR) or CSI-RS beamforming update. The whole purpose of MR is to have an instantaneous measurement at a well-defined point in time. This can be achieved by alternative 1, with X=1 and/or Y=1. 

Proposal: Support Alt.1 “Fixed MR ON or OFF via higher-layer configuration” where X=1 and Y=1 subframes. 

If single subframe measurements are not supported, then the MR feature becomes more or less useless since the averaging across subframes is unknown to the eNB and effectively this leads to waste of resources (e.g. two subframes leads to a 100% increase in required resources). Note that the RAN4 requirements are met with a single subframe measurement; see our RAN4 evaluations in Section 3. 

However, it is also sometimes useful to allow the UE to use a longer time window for CSI estimation, as this may improve the estimate. This could be desirable for some applications where interference or beam is not expected to change rapidly. However, when a change has occurred, it would be useful for the network to be able to dynamically reset the CSI estimation buffer in the UE in the sense that the associated CSI report is not filtered together with data from any other subframe but the latest NZP CSI-RS and/or CSI-IM before or on the CSI reference subframe. Hence, the CSI measurements are aperiodically reset based on dynamic indication from the eNB. 

Proposal: Introduce dynamic signaling of an aperiodic reset of the CSI measurement of desired and/or interference signals

This can be part of the aperiodic CSI feedback triggering in DCI format 0 or 4. 

Alternatively, in case multi-subframe measurements are supported, the algorithm for how the UE performs averaging across subframes must be specified; otherwise the mode becomes more or less useless, and the purpose of MR is lost.  For instance, an AR(1) filter can be specified with a specified forgetting factor. This allows the network to know the impact of a beam change and/or change in the interference on the CSI report. 

Proposal: If multi-subframe combination of NZP CSI-RS and/or CSI-IM is supported, then the averaging filter must also be specified. For instance, an AR filter with a specified memory factor.

3 Performance and CSI reporting requirements
In Ericsson RAN4 contributions where CSI-RS based CSI reporting is used, channel interpolation was not used, and hence the requirements are met using single subframe measurements [1]. 
Observation: A UE can pass RAN4 CSI reporting requirements with a single subframe CSI-RS measurements, i.e. without subframe interpolation/averaging. 
Although the RAN4 tests are passed, we have further analyzed how much impact the single subframe CSI-RS estimation has on performance. We performed link simulations with adaptive MCS. The setup was 4 TX antennas, 2 RX antennas, and 2 CRS ports. The channel was EPA low correlation, system BW=5MHz, the mobility 5Hz Doppler, and TM9. Outer loop link adaptation was used to keep BLER at 0.1. The channel estimation on DMRS was non-ideal, and for CSI-RS it was either ideal or non-ideal without subframe interpolation. 
[image: ]
Figure 1 Throughput loss with 1 subframe CSI-RS estimation compared to ideal estimation.

The results can be seen in Figure 1, where the loss is negligible except for the lowest SNR. However, these lowest SNR points will likely not occur in practice since ZP CSI-RS is used to protect these low geometry UEs. 

Observation: Disabling subframe interpolation for NZP CSI-RS pass RAN4 tests and has negligible impact on UE throughput 
Conclusion
We observe that a single subframe CSI measurement is sufficient to meet RAN4 requirements and propose the following measurement restrictions:
Proposal: Measurement restriction (MR) for desired signal measurements and interference measurement is configured independently and applies to both class A and class B CSI reporting. MR configuration is per CSI process
Proposal: Support Alt.1 “Fixed MR ON or OFF via higher-layer configuration” where X=1 and Y=1 subframes. 

In addition to Alt.1 we propose: 

Proposal: Introduce dynamic signaling of an aperiodic reset of the CSI measurement of desired and/or interference signals

Moreover, if a windowed measurement is supported, then we propose

Proposal: If multi-subframe combination of NZP CSI-RS and/or CSI-IM is supported, then the averaging filter must also be specified. For instance, an AR filter with a specified memory factor.
References
[bookmark: _Ref426801815]R4-63AH-0080, “Frequency selective CQI requirements”, Ericsson, ST-Ericsson, RAN WG4 Meeting #63 AD HOC, Oulu, Finland, 26-28 June 2012
[bookmark: _Ref430967709]



image1.emf
SNR [dB]

0 5 10 15 20 25 30

T

h

r

o

u

g

h

p

u

t

 

[

M

b

p

s

]

0

5

10

15

20

25

30

Single subframe CSI RS chest

Ideal CSI RS chest


