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1 Introduction

In RAN1 #82bis meeting, the following way forward regarding measurement restriction was obtained:

Way forward for Class B with K>1: 

· For class B with K>1, FFS until RAN1#83 between Alt1(with X=Y=1) & Alt3, on the understanding that existing RRC parameters (e.g. reset period is equal to BI period; offset fixed) may be reused for Alt3

· Proponents of Alt3 to provide as much detail as possible. 

· Consideration of aperiodic reset is also not precluded. 

Description of Alt3 (copied from RAN1#82 Chairman’s Notes):

· 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.
In this contribution, Alt3,  i.e., CSI measurement is periodically or aperiodically reset, is further analyzed.
2 Discussion of Alternative 3 
Figure 1 illustrates an example of Alt3 from a UE point of view. Only the signal measurement part is shown here; the interference measurement part can be done likewise. For simplicity, most of the descriptions assume the measurement reset is performed periodically and according to the BI period/reporting; however, this can be easily generalized to cases with aperiodic reset and/or according to some triggering signaling (which may be independent for signal/channel measurement and interference measurement).
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Figure 1. An example of Alt3
The UE behavior is characterized as follows:
1) The UE receives the BI periodicity (or duration, together with subframe offset) information indicated as the subframes UE reporting BIs. 

In Figure 1, a BI period starts on the subframe when the UE reports BI1 and ends on the subframe when the UE reports BI2.
2) The UE assumes the CSI measurement reset period is equal to the BI period, with potentially an offset with respect to the BI reporting subframe. The offset may be specified. 

In Figure 1, the new BI (i.e, BI1) starts to be applied in DL transmission/reception on a subframe later than the BI1 reporting, and the UE shall reset its CSI measurement process on this subframe.
3) The UE selects a value X between 1 and Zx where Zx is the number of CSI-RS subframes between the measurement reset subframe and the reference resource.
In Figure 1, two CSI reporting instances are shown. For the first instance, Zx is smaller, whereas Zx is larger for the second instance. The same X value or different X values may be selected by the UE. 
The benefits of Alt3 include better measurement accuracy as more averaging is applied to the measurement process of the same characteristic. For example, in a network with time-invariant beamforming (as opposite to time-varying beamforming) within each BI period, the UE can perform averaging across the subframes within each BI period, and this can lead to higher measurement accuracy. Therefore, Alt3 should be adopted.

The value of X does not need to be specified in the standards. From the UE perspective, the UE only needs to know when the reset shall be done and where the reference resources are located. Based on these, the UE knows Zx, and the UE can flexibly select X accordingly and autonomously. The X value may be same or different for different Zx, and may be same or different for different reset periods, etc. In addition, the UE filtering behavior may resemble the legacy filtering behavior (which has no measurement restriction) except for the measurement reset once in a while. Therefore, how the filtering is done is a UE implementation issue. That is, no mentioning of X is needed in the standards, and it is sufficient to capture in the standards that the UE shall reset it measurement process according to the reset timings. This also helps minimize standards impact.
3 Measurement restriction comparison

A UE may support the following behavior:

· Alt1 (with X=Y=1), i.e., restricting the measurement based on only one subframe
This alternative is suitable for the cases with rather dynamic beamforming, or cases where the UE may not have sufficient knowledge about how/when the (serving or interfering) eNB beamforming is changing.
This alternative provides the highest flexibility for the network to adapt the beamforming while not considerably increasing the signaling overhead.

· Alt3 (measurement reset), i.e., resetting the measurement process according to network indication/triggering, for example by BI reporting.
This alternative is suitable for the cases with semi-static beamforming, or cases where the UE has sufficient knowledge about on which subframes the beamforming remains constant, or cases when longer-term measurement is useful (e.g., in interference measurement for some BI reporting). 
This alternative may offer higher measurement accuracy than Alt1.

· No measurement restriction, i.e., legacy measurement behavior

This is already supported and used for legacy measurements, such as CSI based on non-precoded CSI-RS.
Therefore, Alt1, i.e., one subframe measurement restriction (i.e., with X=Y=1), should be supported, and Alt3 should also be considered in order to provide more options to the network/UE operations to strike different tradeoffs between flexibility (flexibility to changing beamforming) and  measurement accuracy.

4  Conclusion

 In this contribution, measurement restriction (especially Alt3) was discussed in details. The following are proposed:

Proposal 1:  Support Alt1 (with X=Y=1) and Alt3 (measurement reset) for Class B with K>1.
Proposal 2:  For Alt3 (measurement reset), specify only the reset event and instant, i.e. BI reporting, and the rest can be left for UE implementation. 
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