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1 Introduction

Per-BWP MIMO adaptation has been introduced in Rel-16 UE power saving WI. The following descriptions in TS 38.331 [1] reflects this feature.
    [[

    maxMIMO-Layers-r16                      INTEGER (1..8)                                                      OPTIONAL,   -- Need M

    minimumSchedulingOffsetK0-r16           SetupRelease { MinSchedulingOffsetK0-Values-r16 }                   OPTIONAL,   -- Need M

	maxMIMO-Layers

Indicates the maximum MIMO layer configuration for a DL BWP. If present, this value overrides the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig when the UE operates in this BWP. If absent, the UE uses the maxMIMO-Layers configuration in IE PDSCH-ServingCellConfig when the UE operates in this BWP. The value of maxMIMO-Layers for a DL BWP shall be smaller than or equal to the value of maxMIMO-Layers configured in IE PDSCH-ServingCellConfig (if present).


This paper aims to clarify the relationship between maximum MIMO layer and antenna port.
2 Discussion
At the beginning, the meaning of the following terminologies in this contribution are clarified:

· Rx antenna: the hardware to receive DL signal, which has the same meaning as Rx chain, RF port, RF chain and antenna connector.
· MIMO layer: data transmitted on a layer is a data stream that is independent with the data with other layers.
In MIMO theory, if UE wants to successfully receive a DL data with N layers (or N independent data streams), at least N Rx antennas are required. In other words, if UE use N antennas to receive DL signal, at most N layers of data can be decoded. Based on this knowledge, it is only specified that UE can reports maxNumberMIMO-LayersPDSCH instead of reports its antenna number. In the WID [2], the relationship is also assumed, which is shown as the following.

	b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]
NOTE: Switching on/off the RF is part of the evaluation


Thus, there is an underlying relationship between maximum DL MIMO layers and Rx antennas.
On the other hand, the intention of per-BWP DL MIMO layers configuration is that UE adaptation of the number of Rx antennas provides power saving gains. For example, if per-BWP DL MIMO layers are re-configured to 2 layers from 4 layers, the power consumption is reduced if UE switches to 2 Rx antennas from 4 Rx antennas. In [3], it is shown in Table 21 that 2Rx power is 0.7x 4Rx power for FR1. During the discussion in RAN1, all the simulations showing power saving gain assumed UE would turn off some Rx antennas. If UE cannot turn off Rx antennas, then UE cannot get the expected power saving gain.
Therefore, UE should be allowed to turn on the same number of Rx antenna(s) (or antenna connector(s) used in RAN4 spec) in a DL BWP as the maximum number of DL MIMO layers indicated per BWP, and this is expected to be captured in the spec to provide an instruction for UE implementation. For example, the following NOTE is preferred to be added in the field description for maxMIMO-Layers:
NOTE: When the maximum MIMO layers configured for a DL BWP is N, the UE may use N antenna connector(s) for the reception of PDSCH on the DL BWP.
Proposal 1: RAN2 to confirm that when the maximum MIMO layers configured for a DL BWP is N, the UE may use N antenna connector(s) for the reception of PDSCH on the DL BWP.

Proposal 2: If Proposal 1 is confirmed, to add a NOTE in TS 38.331 to clarify the understanding in Proposal 1.

The corresponding TP is provided in [4].
3 Conclusion and Proposals
In this contribution, relationship between maximum MIMO layer and antenna port is discussed with the following proposal:
Proposal 1: RAN2 to confirm that when the maximum MIMO layers configured for a DL BWP is N, the UE may use N antenna connector(s) for the reception of PDSCH on the DL BWP.

Proposal 2: If Proposal 1 is confirmed, to add a NOTE in TS 38.331 to clarify the understanding in Proposal 1.
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