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Introduction

In 3GPP TSG RAN1#98bis meeting, the following agreements were reached [1].

Agreements:


The configured per-BWP DL max MIMO layer value is expected to be less than or equal to the per-cell configured DL Max MIMO layer value (if configured).

Agreements:

-
No spec change for TS38.212 is needed .
-
When maximum number of DL MIMO layers per BWP is configured for all configured DL BWPs for a serving cell,

o
At least one BWP is configured with per-BWP configured maximum number of DL MIMO layers value equal to the per-cell configured maximum number of DL MIMO layers value (if configured).

According to the agreements, for downlink MIMO layers adaptation, one or more BWP will have the same maximum number of DL MIMO layers as the serving cell. If there are two or more BWPs for a UE, one or more BWP (e.g., the initial BWP / default BWP) will have a value of maximum number of DL MIMO layers which is smaller than that of its serving cell. For the BWP configured with a smaller value of maximum number of DL MIMO layers, the impact on CSI reporting should be considered.
In this contribution, the aspects of CSI reporting when UE adapts to maximum number of MIMO layer are discussed.

On CSI measurement & configuration

Generic CSI measurement procedure for MIMO

After receiving the CSI-RS with multiple antenna ports, the UE will generate a channel matrix H. As illustrated in the following Figure 1, a general CSI measurement for a NT by NR MIMO system has a channel matrix H containing NT by NR elements (where NT=4 and NR=4 in this example). If the number of CSI-RS ports to be measured (i.e., NT) goes larger while the the number of receiving antennas keeps unchanged, the number of elements of the channel matrix H will become high. That is, the memory complexity will be increased with the number of CSI-RS ports to be measured (i.e., NT).

After forming the channel matrix H, the UE will perform a singular value decomposition (SVD) of the channel matrix H to determine the rank, PMI and SNR of each layer (where, SNR is used for computation of CQI). As it is known, the SVD is a time consuming computation (e.g., a 4x4 matrix will consume about double computation time of a 2x2 matrix. A 4x2 matrix will consume about 1.3 times of computation time of a 2x2 matrix), especially for a large matrix (for CQI calculation and PMI determination). As a result of that, the smaller the channel matrix is, the less the UE consumes its energy. 

More importantly, in order to derive RI/PMI/CQI in a CSI reporting, RI values from 1 to 4 will be traversed to see which one is used for the maximum capacity. If the maximum number of DL MIMO layers for one BWP is 2, only RI values from 1 to 2 will be traversed to see which one is used for the maximum capacity. Therefore, only half calculation complexity is needed to derive a CSI reporting, meanwhile more power saving gain can be obtained.

Hence, we have the following observation.

Observation 1: If the per-BWP maximum number of DL MIMO layers is limited, the RI/PMI/CQI in a CSI reporting should be restricted to significantly reduce power consumption and computation complexity for CSI measurement .
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Figure 1   General CSI measurement for MIMO

On RRC parameters configuration for CSI measurement

According to [2], there is a rank indicator restriction when UE reports the CSI.

	CodebookConfig ::= SEQUENCE {

...

typeI-SinglePanel-ri-Restriction            BIT STRING (SIZE (8))

...

ri-Restriction                            BIT STRING (SIZE (4))

...

typeII-RI-Restriction                      BIT STRING (SIZE (2))

...

typeII-PortSelectionRI-Restriction          BIT STRING (SIZE (2))

}


According to [3], take “typeI-SinglePanel-ri-Restriction” as an example, if the configured “ri” is zero, the PMI and RI reporting are not allowed as the following.

	For UE configured with higher layer parameter codebookType set to 'typeI-SinglePanel', the bitmap parameter typeI-SinglePanel-ri‑Restriction forms the bit sequence 
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For example, if the per cell configuration of the maximum number of DL MIMO layers is 4 but the maximum number of DL MIMO layers for one specific BWP (such as initial/default BWP) is 2, the settings for the rank indicator restriction for this BWP should be carefully configured to save UE’s power consumption. In this example, the rank indicator restriction (e.g., 
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) for this BWP should be configured as 
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={0011}. In the view of UE’s power consumption and less complexity, the rank indicator for three layers or four layers for this BWP are not necessary.

On the other hand, if the rank indicator restriction is not properly configured, the UE might traverse several ranks to find a proper value for a CSI report (e.g., from rank one to rank two, then to rank three, then to rank four). This will not only consume more power consumption, but also it will cause more computation complexity. Hence, we have the following proposal.

Proposal 1: If the per-BWP maximum number of DL MIMO layers is configured, the rank values restricted by the rank indicator restriction configured for one BWP should be equal to or lower than the maximum number of DL MIMO layers configured for the BWP.

Configuration of maximum number of MIMO layers
Maximum number of MIMO layers for dormancy-like behaviour

In 3GPP TSG RAN1#98 meeting, the following agreements were reached [4].

	Agreements:

•
From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported

‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting




In 3GPP TSG RAN1#98bis meeting, the following agreements were reached [1].

	Agreements:

•
When the UE is outside Active Time, for the L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, an explicit information field for the UE is introduced to the PDCCH WUS

o
...

•
When the UE is in the Active Time, for the L1 based mechanism for transitioning between ’dormancy-like’ and ’non-dormancy like’ behaviour on activated Scells, an explicit information field is newly introduced to at least DCI formats 0-1 and 1-1 for the primary cell

o
...




According to the agreements above, a BWP in a SCell may support dormancy-like behaviour. The dormancy-like behaviour of a BWP can be implemented by BWP switching (transition between dormant BWP and non-dormant BWP). Intuitively, a dormant BWP should be in low power consumption. As a result of that, a dormant BWP can be configured with a small value of maximum number of DL MIMO layers to save power.

UE in a dormant BWP might be configured with sparse/no PDCCH monitoring. As it is captured in [5], the PDCCH-Only consumes a lot of power. A small value of the maximum number of DL MIMO layers can reduce the power consumed by PDCCH-Only.

UE in a dormant BWP should maintain CSI measurements/reporting. According to the Section 2.1 and 2.2, low computation complexity in CSI measurements is helpful for UE power saving. As a result of that, the maximum number of DL MIMO layers should be configured to be small.

In addition to power saving, the cell coverage should also be taken into consideration. That is, the maximum number of DL MIMO layers should not be configured as one. Hence, we have the following observation.

Observation 2: The maximum number of DL MIMO layers for a dormant BWP could be reduced for UE power saving.

Maximum number of MIMO layers for default/initial BWP

In general, the default/initial BWP is used for random access and small data transmission. In BWP framework, the default/initial BWP is designed for the purpose of UE power saving. For a BWP (e.g., the default BWP) with a narrow bandwidth (e.g., 5MHz) which is used for small data transmission, the maximum number of DL MIMO layers can be configured to be small to save UE’s power consumption. For a BWP with a large bandwidth (e.g., 100MHz) which is used for large data packet transmission, the maximum number of DL MIMO layers can be configured to be large to achieve high performance. Hence, we have the following observation.

Observation 3: The maximum number of DL MIMO layers for the default/initial BWP could be reduced for UE power saving.
For a UE is configured with only one BWP, there will be no DL MIMO layer adaptation according to the agreements in [1]. Hence, it always applies the value of per-cell maximum number of DL MIMO layers if it is configured.

Conclusion

In this contribution, we discuss some aspects on UE adaptation to maximum number of MIMO layers. We have the following observations and proposals.
Observation 1: If the per-BWP maximum number of DL MIMO layers is limited, the RI/PMI/CQI in a CSI reporting should be restricted to significantly reduce power consumption and computation complexity for CSI measurement.

Observation 2: The maximum number of DL MIMO layers for a dormant BWP could be reduced for UE power saving.

Observation 3: The maximum number of DL MIMO layers for the default/initial BWP could be reduced for UE power saving.
Proposal 1: If the per-BWP maximum number of DL MIMO layers is configured, the rank values restricted by the rank indicator restriction configured for one BWP should be equal to or lower than the maximum number of DL MIMO layers configured for the BWP.

References

3GPP RAN1. Draft_Minutes_report_RAN1#98b_v010.

TS38. 331-f70.

TS38.214-f70.

3GPP RAN1. Draft_Minutes_report_RAN1#98_v020.

TR38.840-g00.


1/5


_1234567893.unknown

_1234567895.unknown

_1234567897.unknown

_1234567898.unknown

_1234567896.unknown

_1234567894.unknown

_1234567891.unknown

_1234567892.unknown

_1234567890.vsd
gNB


UE


s1


s2


r1


r4


h11


s3


h22


s4


H = 


h11


h12


h21


h22


r1


S = 


s1


s2


r2


r3


R = 


r4


R = H * S + n


s3


s4


r2


r3


h33


h44


h13


h14


h23


h24


h31


h32


h33


h34


h41


h42


h43


h44



