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1 Introduction
Following discussions on the SID objective of studying the power savings achievable with adaptation in antenna domain [1] in RAN1, the TR makes the following observation [2].
The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to 3%-30% power saving gain for the dynamic antenna adaptation and 6%- 30% for the semi-static antenna adaptation with some impact to the system performance, such as 4% latency increase for dynamic antenna adaptation,  when reduced antenna operation is used mainly during periods of low scheduling activity and additional network resources are used for the compensation of the loss of multi-antenna processing gain.  
In this document, we take a look at how adaptation of MIMO layers can be modelled for power savings.
2 Discussion
The intention of reducing the maximum number of MIMO layers is to allow the UE to reduce the number of RX antennas in use, thereby reducing its power consumption. However, the downside with such a reduction is the corresponding loss in spectral efficiency. When used in correct set of circumstances, these two considerations do not conflict with each other. For the case of no data scheduling, the gNB transmits no PDCCH or PDSCH to UE, and therefore a reduction in RX antenna number has no impact to spectral efficiency. However when there is data to be scheduled, the UE should be able to support a higher number of MIMO layers in order to transfer as much data as possible in a spectral-efficient manner. Being able to dynamically adapt the maximum MIMO layer number based on activity is the key to achieving both power savings and spectral efficiency.
In [3], BWP-based adaptation on maximum number of MIMO layers is evaluated, with the corresponding results quoted in Table 1. The additional CSI feedback delay when the UE recovers from a 2-RX antenna to 4-RX antenna setting is examined. Since it’s only the packet(s) that are received before the CSI report that suffer from the feedback delay, the average latency increase is within 4%. As the data scheduled by the BWP switch indication still applies a reduced number of MIMO layers, more physical resources may be required for its transmission. However, the corresponding increase in terms of resource utilisation (RU) ratio is within 2%. As around 15% power saving gain can be realised at the expense of small increases in latency and RU, a means of BWP based adaptation of the maximum number of MIMO layers can help reduce the UE’s power consumption.
Observation 1: BWP-based adaptation of maximum number of MIMO layers can achieve around 15% power saving gain with minor increases of 4% and 2% in per-packet latency and resource utilization, respectively.
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Table 1: System level evaluation of BWP-based adaptation on maximum MIMO layer number
	Metric
	FTP/Video
	IM

	Latency (ms)
	61.72
	150.69

	Latency increment (w.r.t. baseline)
	3.36%
	1.79%

	Resource Utilization (RU; %)
	32.59
	1.57

	RU increment (w.r.t. baseline)
	-0.43%
	1.95 %

	Power consumption  (relative unit)
	44.81
	9.18

	Power saving ratio (w.r.t. baseline)
	14.37%
	15.70%



In Rel-15, maximum number of MIMO layers to be used is a cell-specific parameter, defined as part of the PDSCH-ServingCellConfig IE as shown in the excerpt below from the RRC specification [3]. By switching from a cell-specific parameter to a BWP-specific parameter, adaptation of maximum number of MIMO layers based on activity can be performed to reduce the UE’s power consumption as described above.
PDSCH-ServingCellConfig ::=             SEQUENCE {

...<irrelevant text ommitted>...

    [[
    maxMIMO-Layers                          INTEGER (1..8)                                          OPTIONAL,  -- Need M
    processingType2Enabled                  BOOLEAN                                                 OPTIONAL   -- Need M
    ]]
}
	PDSCH-ServingCellConfig field descriptions

	maxMIMO-Layers
Indicates the maximum MIMO layer to be used for PDSCH in all BWPs of this serving cell. (see FFS_section, section FFS_Section)



Proposal 1: The maximum number of MIMO layers are defined per BWP.
3 Conclusion
In this contribution we make the following observation:
Observation 1: BWP-based adaptation of maximum number of MIMO layers can achieve around 15% power saving gain with minor increases of 4% and 2% in per-packet latency and resource utilization, respectively.
[bookmark: _GoBack]Based on this observation, we propose:
Proposal 1: The maximum number of MIMO layers are defined per BWP.
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