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1 Introduction
One of the objectives of the UE power saving study [1] is:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
In this paper, we discuss antenna domain assistance information for UE power saving.
2 Discussion
2.1 Clarification on the terminologies: MIMO Layer and Antenna port

In RAN1’s spec TS 38.211/212/213/214, there are two terminologies, i.e. MIMO Layer and Antenna port, which have different meanings for UL transmission. 

· “MIMO Layer” represents the independent data, i.e. the number of layers means how many independent data streams to be transmitted. 

· “Antenna port” is an abstract concept coming from the hardware antenna and RF chain, which are used to radiate the electromagnetic wave with enough energy.

When a UE transmit UL signal using codebook based UL transmission, it shall first prepare the data streams, which are usually the MAC PDUs. Second, the UE shall map the data streams to baseband signals through the procedure called “precoding”. Then the baseband signal shall be amplified and “moved” to the target frequency band via RF chains. Finally the radio signal generated by the previous step shall be radiated via antennas. The procedures are shown in Fig. 1, where 3 layers of data is transmitted via 4 antenna ports. 
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Fig. 1 The procedures of transmitting UL signal using codebook based UL transmission

Observation 1: MIMO layer and antenna port are two different concepts for UL transmission.
From the shown procedures, it can be found that the preparation of data streams and precoding are performed in the baseband part of the UE. And generating and radiating radio signals from baseband signals are performed in the RF part of the UE. If the number of antenna ports is fixed, no matter how many MIMO layers to be transmitted, the energy consumption for the RF part is always the same. However, only marginal energy can be saved by reducing the number of MIMO layers, since a large portion of energy consumed by the baseband part is due to common operations to maintain the UE in a normal working state. While the energy consumption of the RF part is nearly linear with the number of the used antenna ports. The general relationship is shown in Fig. 2. 
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Fig. 2 The procedures of transmitting UL signal using codebook based UL transmission

In Rel-15, for codebook based transmission, the UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource, which is configured by the gNB with usage set to 'codebook'. And the number of MIMO layers to be transmitted for PUSCH will not exceed the maxRank, which is also configured by gNB. If the gNB only configure the UE with a smaller value of maxRank, but doesn’t change the corresponding antenna port configuration, it will be not so helpful for UE to save power.

Observation 2: Only marginal energy can be saved by reducing the number of MIMO layers without changing the number of antenna ports.
When the UE reports its radio capability, the reported maxNumberMIMO-LayersCB-PUSCH can be regarded as the number of antenna ports the UE can support. Nevertheless, when it comes to UE assistance information, clarifications are needed for how to understand UE reported “maximum MIMO layers”, since for a CONNECTED UE “MIMO Layer” and “Antenna Port” have clearly different meanings. If it is not clarified, the gNB may not know whether the UE only wants to reduce the number of MIMO layers to reduce the operation of baseband, or the UE also wants to reduce the number of antenna ports to reduce RF energy consumption. Two understandings are listed below:

· Understanding 1: the “maximum MIMO layers” means the “Antenna Port”, which is aligned with the understanding of the maxNumberMIMO-LayersCB-PUSCH in UE capability reporting. In this case, clear clarification is need in RAN2 spec, and reporting “maximum MIMO layers” can work well for the purpose of power saving.
· Understanding 2: the “maximum MIMO layers” means the maximum number of “MIMO layer”, which is understood differently with the maxNumberMIMO-LayersCB-PUSCH in UE capability reporting. In this case, reporting “Antenna Port” is need for the purpose of power saving.
Similar confusing problem can also be found in overheating topic, where the UE only report its preferred maximum MIMO layers.
Proposal 1: RAN2 to confirm which understanding is correct, and whether any clarification is needed for “maximum MIMO layers”.
2.2 MIMO layers/antenna ports related assistance information

In the power model discussion in RAN1, it was agreed that in FR1 the power consumption of 2 RX antennas is only 0.7 of the power consumption of 4 Rx antennas. More power consumption would be consumed when more number of RF chains are used. It may introduce power saving gains if the number of RF chains used by the UE can be adapted. Thus, MIMO layers/antenna ports related assistance information is useful in the power saving case.
However, as analysed in clause 2.1, there are different understandings on MIMO layer and antenna port and some clarifications may be needed. Whether the MIMO layers or antenna ports or both is introduced needs to be studied further.
Proposal 2: MIMO layers/antenna ports related assistance information needs to be introduced.
3 Conclusion

In this paper we discuss UE assistance information for UE power saving and propose:
Observation 1: MIMO layer and antenna port are two different concepts for UL transmission.
Observation 2: Only marginal energy can be saved by reducing the number of MIMO layers without changing the number of antenna ports.
Proposal 1: RAN2 to confirm which understanding is correct, and whether any clarification is needed for “maximum MIMO layers”.
Proposal 2: MIMO layers/antenna ports related assistance information needs to be introduced.
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Higher layer procedure for UE power saving

6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
MIMO layers/antenna ports related assistance information needs to be introduced.
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