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1 Introduction

In RAN1#96, three different assumptions on multi-panel UE implementation are listed for discussion purpose, and a deadline on whether to support any of them has been set up as RAN1#96b [1]. 
	For purpose of further discussion on this topic for RAN1#96 and future meetings

Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.

· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement

If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.

· Deadline for decision: RAN1#96bis


In this paper, we present our views on these listed assumptions for multi-panel UEs and simultaneous multi-UE-panel transmission, while detailed design when applicable can be found in our companion contribution [2].

2 Scope and assumption of multi-panel UE implementation
The topic of simultaneous multi-UE-panel transmission (STxMP), which requires MPUE-Assumption2 (multiple active panels and used for transmission), has been discussed for Four meetings without reaching any conclusion, with which the progress on NW-controlled UE panel selection, which is more relevant to MPUE-Assumption1 (only one active panel and used for transmission at a time) and MPUE-Assumption3 (multiple active panels but only one used for transmission at a time), has also been jeopardized.

2.1 Why not to support STxMP and MPUE-Assumption2
First of all, in our understanding, STxMP are out of the current scope. To be specific, the last part of current objective ‘that facilitates panel-specific beam selection’ has restricted RAN1 work to specify UL beam selection that facilitates panel-specific beam selection. It is clear that STxMP itself does not facilitate panel-specific beam selection. More specifically, STxMP can benefit from panel-specific beam selection, but itself does not facilitate panel-specific beam selection.
During offline discussions, some companies mentioned that in their understanding, STxMP was in the scope of discussion when the WID was approved and this didn’t mean it was agreed as a scheme to be specified. Based on this understanding, it is clear that STxMP has not been agreed as a scheme to be specified and hence precluded by the current specifying objective. 
In addition, supporting STxMP will increase UE power consumption and implementation complexity, which is already quite large in FR2. In [3], RAN4 indicated that in order for the UE to be able to optimize power consumption (switch on/off antenna panels that are not used), the UE should be given enough time from the moment it receives a command that leads to a change in Rx beam (or multiple changes within the same slot) to the moment that the switch has happened (e.g. aperiodic CSI-RS transmission). With this input, it is clear that power consumption in FR2 is a pressing matter and should be carefully considered, with which MPUE-Assumption2 (Multiple panels activated at a time and one or more panels can be used for transmission) becomes less relevant and not urgent. 
In addition, to support STxMP and MPUE-Assumption2, there are also other UE implementation restrictions such as accuracy of inter-panel calibration and total power limitation across UE panels to be better understood, which requires RAN4 involvement. It is also expected that the related standardization efforts will be quite significant and will not fit into the limited TU(s) in Rel-16. 

Moreover, some evaluations were also performed to check the difference between RSRP(s) received from two or four UE panels, and results are provided as below (assumptions follow [4]). It can be observed that, in some cases, the difference on received RSRPs across UE panels is quite large (with a probability of ~70% of being larger than 5dB and a probability of ~40% of being larger then 10dB, with 2 panels at UE)  In such cases, the power imbalance between different panels should be considered in STxMP, such as non-constant UL codebook and imbalanced power allocation between antennas, which are also not included in the current scope of UL panel selection. 
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Figure 1. Distribution of difference between RSRP(s) received from different UE panels
Based on the discussions above, we have the following proposal:
Proposal 1: Do not support simultaneous multi-UE-panel transmission and MPUE-Assumption2 (multiple panels activated at a time and one or more panels can be used for transmission) in Rel-16.
2.2 Between MPUE-Assumption1 and MPUE-Assumption3
In general, instead of trying to extend to what has not been agreed to be specified, we think RAN1 should stick with what the current objective says, i.e., to enable gNB to select one beam on one UE panel, out of multiple panels at UE side. 
Such functionality is not well supported in Rel-15 (i.e., gNB does not know whether UE has turned off some of its panels which is possible according to RAN4 LS in [3], or whether the UE will keep the previous beam training results on panels which have been turned off, or how UE maps the configured SRS resource sets with different time domain behaviors to its panels, or how to enable panel-specific beam selection in DL-only deployment, etc). Leaving these to be ambiguous will jeopardize the interoperability in FR2. It is then suggested to focus on NW-controlled/assisted UE panel selection in Rel-16. 
On this line, between MPUE-Assumption1 (only one active panel and used for transmission at a time) and MPUE-Assumption3 (multiple active panels but only one used for transmission at a time) are relevant for discussions. RAN4 indicated in [3] that [2~3]ms is required for UE to switch on a Rx panel that has been turned off. With this input, we suggest considering similar level of latency for turning on UE Tx panel, which is of course subjected to further confirmation by RAN4.
It is understood that MPUE-Assumption3 intends to support low-latency UE panel switching and would require increased UE power consumption for keeping these panels in active status. An FR2 UE may have more than 2 panels (e.g., 4, as included in evaluation assumptions), in terms of UE power consumption, it is unreasonable to mandate UE to keep all 4 panels in active status, and the standardization efforts to enable exchange of information on more than one active panels at UE side would be quite high, and won’t fit into the remaining TUs. In addition, before agreeing to consider MPUE-Assumption3, there following two issues need to be clarified: 
1. Even if multiple panels are activated (in stand-by mode), it may still require some time for panel/beam switching  between different activated panels, similar as SRS antenna switching delay in Rel-15. The time gap may be at symbol-level, but need RAN4 to further discuss and confirm.

2. From UE perspective, when multiple panels are activated, the power consumption is a big issue. So, specification should allow UE to turn off (deactivate) some of its panels to reduce power consumption. Detailed solutions can be further discussed. 

Based on the discussions above, we have the following proposal:
Proposal 2: Support NW-controlled/assisted UE panel selection and MPUE-Assumption1 (i.e., only one UE panel active and used for transmission at a time) with panel switching/activation delay of [2~3]ms. 

3 Summary
Based on the discussions in this paper, we have the following proposals:
Proposal 1: Do not support simultaneous multi-UE-panel transmission and MPUE-Assumption2 (multiple panels activated at a time and one or more panels can be used for transmission) in Rel-16.

Proposal 2: Support NW-controlled/assisted UE panel selection and MPUE-Assumption1 (i.e., only one UE panel active and used for transmission at a time) with panel switching/activation delay of [2~3]ms. 
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