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1 Introduction
In the 3GPP RAN1#82bis meeting, discussions on measurement restriction were agreed to reduce CSI-RS overhead for beamformed CSI-RS as follows [1]:
· For classes A and class B and all values of K, 

· MR is independently configurable for each subframe set, when legacy measurement restrictions with two subframe sets are also configured in a CSI process

· One RRC parameter for channel measurement (for class B only) and one RRC parameter for interference measurement (for classes A&B) are provided to enable/disable MR

· FFS at RAN1#83 whether it applies to both periodic and aperiodic CSI reporting or only to aperiodic reporting (i.e. with MR never enabled for periodic reporting)

· For classes A and class B with K=1, Alt 1 (with X=Y=1)

(Description of Alt 1 copied from RAN1#82 Chairman’s Notes:

· Alt.1: Fixed MR ON or OFF via higher-layer configuration

· X/Y are fixed to a single value respectively in specification)

This contribution discusses periodic CSI reporting with measurement restriction (MR) considering above alternatives.
2 Possible mismatched beam assumption in periodic CSI reporting
According to FD-MIMO TR [2], beamformed (BF) CSI-RS is defined such that (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage. Due to such characteristics of BF CSI-RS, port-resource combinations have different beam directions and this combination may lead to increase CSI-RS overhead of eNB. Specification enhancement of MR may reduce CSI-RS overhead of BF CSI-RS and help to achieve more performance benefits from BF CSI-RS.

For periodic CSI reporting, UE reports its CSI components (e.g. rank, beam group selection, beam/co-phasing selection and channel quality indication) separately due to the limitation of payload size for PUCCH. Furthermore, in the current LTE specification, periodic CSI reporting is designed to report rank and beam group selection with larger periodicity than beam/co-phasing selection and channel quality indication to reduce feedback overheads and computational efforts of UE. According to such characteristics of periodic CSI reporting, benefits of MR would be different with CQI feedback type and RI/CRI periodicity. In case of wideband CQI feedback with short RI period, MR can reduce CSI-RS overhead of BF CSI-RS. Examplary reporting structure is shown in Fig.1.
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Figure 1. Benefits of MR.

In contrast to wideband CSI reporting with short RI periodicity, benefits of MR would be different for subband CSI reporting with large RI periodicity. In case of subband CSI reporting, reporting interval of RI would be multiple of the wideband CQI/PMI period. Since the wideband CQI/PMI period already includes multiple CQI/PMI reporting instances (e.g. 5 instances with 100 RBs), such reporting characteristics may induce mismatches between CSI components as shown in Fig.2. Since agreed CRI period is also multiple of RI reporting interval, such mismatches in periodic CSI reporting with CRI would be much severe. Considering discussed benefits and mismatches, independent RRC parameter to enable/disable MR for periodic CSI reporting should be provided in addition to parameter for aperiodic CSI reporting.
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Figure 2. Example on mismatch of rank and beam group selection for beam/co-phasing selection and channel quality indication.
Based on the above discussions, following observations and proposals can be made:


Observations:
· Benefits of measurement restriction on periodic CSI repoting would be different considering CQI feedback type, CRI period and RI period.

· In case of wideband CSI reporting and short RI period, measurement restriction on periodic CSI reporting would reduce CSI-RS overhead of BF CSI-RS.

· In case of subband CSI reporting with long RI period, periodic CSI reporting with measurement restriction may induce mismatches of rank/beam group selection for beam group/beam/co-phasing selection and channel quality indication.
· With CRI, mismatches would be much severe.


Proposals:
· Support MR in periodic CSI reporting.

· Independent RRC parameter for periodic CSI reporting should be provided to enable/disable MR. 
3 Schemes to resolve mismatched beam assumption
In addition to independent switch for periodic CSI reporting, following alternatives can be considered to prevent or resolve the mismatches between CSI components:
· Scheme 1: Restricted measurement window configuration for periodic CSI reporting.
· Scheme 2: Provide new assumptions for rank and beam group selection.
Scheme 1 is a way to prevent the cases that can result mismatched reporting. If measurement window and RI/CRI period is aligned, such mismatches may not occur. For this operation, measurement window should be multiple subframe since most of configurable RI/CRI period is multiple subframe. However, supporting multiple subframe MR is not preferred since RAN1 already agreed use of single subframe MR in class A and class B with K=1. Considering such agreements, scheme 1 can be used only for class B with K>1.
Alternative 2 is a scheme to resolve such mismatches by using predefined or configured assumptions. In this scheme, UE can consider different assumptions for mismatched rank and beam group when UE realizes mismatches between CSI components or eNB indicates mismatches to UE. Since no dependency is required between configurations of periodic CSI reporting and measurement window, UE can fully achieve the flexibility and benefits of MR. 

Observations:
· Mismatches between CSI components may be prevented or resolved by using restricted configuration or predefined assumptions.

· Scheme 1 is not preferable since RAN1 already agreed use of single subframe MR in class A and class B with K=1.
· Scheme 2 can fully achieve the flexibility and benefits of MR.
Proposal:
· Support scheme 2 to resolve mismatches between CSI components in periodic CSI reporting.
4 Conclusions
This contribution has discussed issues regarding periodic CSI reporting with MR. The observations and proposals in this contribution are summarized as follows:

Observations:
· Benefits of measurement restriction on periodic CSI repoting would be different considering CQI feedback type, CRI period and RI period.

· In case of wideband CSI reporting and short RI period, measurement restriction on periodic CSI reporting would reduce CSI-RS overhead of BF CSI-RS.

· In case of subband CSI reporting with long RI period, periodic CSI reporting with measurement restriction may induce mismatches of rank/beam group selection for beam group/beam/co-phasing selection and channel quality indication.
· With CRI, mismatches would be much severe.

· Mismatches between CSI components may be prevented or resolved by using restricted configuration or predefined assumptions.

· Scheme 1 is not preferable since RAN1 already agreed use of single subframe MR in class A and class B with K=1.

· Scheme 2 can fully achieve the flexibility and benefits of MR.
Proposals:
· Support MR in periodic CSI reporting.

· Independent RRC parameter for periodic CSI reporting should be provided to enable/disable MR. 

· Support scheme 2 to resolve mismatches between CSI components in periodic CSI reporting.
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