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1 Introduction
During 3GPP RAN1#98 meeting, the following agreement has been agreed[1].
Agreements:

· Support per-DL-BWP configuration of maximum number of DL MIMO layers 

· Signalling details up to RAN2

In this contribution, we further discuss the remaining issues on UE adaptation to maximum number of MIMO layers and give our proposals. 
2 Discussion 

MIMO layer adaptation is beneficial for the UE’s power saving. Based on the current RAN4 specification [2], when the UE works in bands n7,n38,n41,n77,n78 or n79, the UE needs to be equipped with a minimum of 4 antenna ports. For the sake of power saving, it has been agreed to support per-DL-BWP configuration of maximum number of DL MIMO layers while the signaling details is up to RAN2 discussion.
One remaining issue is whether the maximum number of UL MIMO layer should be adapted. In our view, the power consumption of uplink RF chains is different from that of the downlink RF chains. For the downlink, the UE needs to open sufficient number of RF chains all the time to guarantee the reception of data scheduling with the maximum number of DL MIMO layers, irrespective to  whether there is actual scheduling or not. Therefore, maximum number of DL MIMO layers would be beneficial for the case of light traffic load. But for uplink, there would be transmission by the UE only when data is scheduled or other uplink transmission is triggered. For PUSCH transmission, if the UE’s channel condition is good enough, the network could schedule the UE with high uplink MIMO layer and the UE’s transmission duration may be reduced with high data rate. Therefore, there is no power waste for uplink due to large maximum number of DL MIMO layers and potentially in some case, there may be power saving with high uplink MIMO layer scheduling.
In addition, with respect to the UE RF implementation, we see there is no dependency between the maximum number of the uplink MIMO layer and the maximum number of the downlink MIMO layer. For example, for a UE with 2T4R, the UE can be configured to work on 2T2R with only the maximum of the downlink MIMO layer reduced. In TDD system, the following RF architecture as shown in figure 1 can be used.  It is noted that DL RF chain 2 and DL RF chain 4 can be closed for 2T2R mode. The reciprocity can be maintained between UL RF chain 1 and DK RF chain 1 and between UL RF chain 2 and DK RF chain 3.
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Figure 1 UE works with 2T2R

Therefore, based on the above discussions, we propose that the maximum  number of uplink MIMO layer is not adapted for power saving.

Proposal 1: The maximum number of uplink MIMO layer is NOT adapted.

Another aspect needs to be considered is whether it is necessary to introduce power saving signal/channel to trigger the MIMO layer adaptation. Based on the above discussion, the existing DCI based and timer based BWP switching methods is to be used for MIMO layer adaptation. However, these BWP switching methods can be used only during the active time. For outside the active time, when there is traffic volume change, there is no way to switch UE’s BWP and adapt the MIMO layer. Therefore, we proposed to use power saving signal to trigger BWP switching and MIMO layer adaptation outside the active time. It has at least the following merits:

1) Fast adaptation to the UE’s traffic change outside the DRX active time and the UE is ready to enter the “high performance” mode to handle the data transmission at the beginning of DRX on and then fall back to power saving mode when data transmission is completed.

2) The BWP switching could be completed outside the DRX active time, i.e., during the GAP between power saving signal and the beginning of the DRX on duration.  

Proposal 2: Power saving signal is used to trigger BWP switching and MIMO layer adaptation outside the active time.

3 Conclusion

In this contribution, we discussed for the remaining issues on UE adaptation to different numbers of MIMO layers. Based on the discussion, we have the following proposals:
Proposal 1: The maximum number of uplink MIMO layer is NOT adapted.

Proposal 2: Power saving signal is used to trigger BWP switching and MIMO layer adaptation outside the active time.
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