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1	Introduction
[bookmark: _Toc474247438]At RAN3 #109, multiple proposals for load information enhancements or corrections were made. In this paper, we summarise proposals that we consider the most important or interesting and add some new ones.
2	Discussion
2.1	Load information per slice
This problem was originally presented in [1].
In Release 15, overload indications have been introduced between RAN nodes. However, these indications are limited to describing whether the whole node is on overload level or not and lack the detail on whether the condition is specific to certain slice(s). In contrast, periodic reports over F1 have introduced per slice details as part of the Rel. 16 SON MDT WI. This results in a gap between the event triggered (overload indication) and periodic (load) reports. 
This also creates ambiguity as to what should trigger a node to consider itself as being overloaded. Additionally, if periodic load reports between nodes have not been configured, the gNB-CU(-CP) will never become aware of whether the issue should affect only certain services/slices or whether all traffic should be avoided towards the gNB-DU/gNB-CU-UP nodes.
Current event triggered overload indications as of Rel.16 are as follows:
· F1AP: GNB-DU STATUS INDICATION from gNB-DU to gNB-CU
· gNB-DU Overload Information IE (overloaded, not-overloaded) 
· E1AP: GNB-CU-UP STATUS INDICATION from gNB-CU-UP to gNB-CU-CP
· gNB-CU-UP Overload Information IE (overloaded, not-overloaded)

For F1AP case, a gNB-DU may comprise of many cells, with resources allocated for specific slices. It will not be unusual for cases in which resources are available only for certain slices and exhausted in others (i.e. only some slices are overloaded). Hence, the gNB-DU should have the capability to provide an event triggered overload indication on slice level also in case periodic reports have not been setup. For E1AP cases, a similar situation can occur, since resources at a gNB-CU-UP may have been exhausted only for certain slices, but still be available for others.
Proposal 1-1: Extend the F1AP: GNB-DU STATUS INDICATION and E1AP: GNB-CU-UP STATUS INDICATION messages to provide information per slice.
Slice-related information will also be useful in case of the periodic reporting. The most relevant is the per slice Radio Resource Status on F1 interface.
[bookmark: _GoBack]The radio resource metric is reported per cell on F1. However, if this information is to be used by the gNB-CU-CP to anticipate on the admission control outcome within the gNB-DU, knowledge of the corresponding per slice quotas are also needed. Enabling the CU-CP to anticipate on the access control outcome in the DU and will avoid time- and processing consuming signalling in high load scenarios. Therefore, a new Radio Resource Status IE is needed where the radio resources are signaled per slice.
Proposal 1-2: Per-slice radio resources are reported, if slice information is requested.
Another option is adding the slice information to the Rel-16 TNL Capacity Indicator IE on F1 and E1 (or the IE to higher-layer slice info). The offered capacity would then correspond to the slice capacity.
Proposal 1-3: RAN3 to discuss if slice information could also be added to the periodic reporting of the TNL capacity.
2.2	Further clarification of TNL load information
This problem was originally proposed in [2] and partially resolved in [3] and [4]. 
The agreed text clarifies that the signalled TNL load shall represent the lowest capacity available for the cell. However, it is still confusing – “the lowest” suggests there are multiple values available and the lowest one shall be signalled. To clarify that, the list of relevant interfaces shall be added, as proposed originally.
Proposal 2-1: In order to clarify what “the lowest” is to be selected from, the list of relevant interfaces shall be added to the sentence added at RAN3 #109.
2.3	Load information from NR-U
NR-U was introduced in NR specification in Rel-16, with the NR  WI “NR-based Access to Unlicensed Spectrum” (RP-1912926). In Rel-16, the SON WI (“SON/MDT support for NR”, RP-191776) introduced load report on some network interfaces. Load reporting to unsilenced spectrum has not been considered then though.
In the unlicensed spectrum where NRU is standardized, the UE or the gNB would transmit data only if the considered channel is “free”. This is evaluated by measuring the RSSI of the channel. It would be considered as “free”, if received RSSI if the channel is below a given threshold. This is described in MAC Specification (38.321) and 37.213 
It would make sense to signal this load and we propose that the channel status time can be split into 3 categories: 
1) The channel is free i.e. the measured RSSI by the Cell is below the threshold 
2) The channel is used by the Node or one of the served UE: during this time, the Cell or a served UE is transmitting. This can be UL or DL. 
3) The channel is used by neighbour UE or Node, ie the measured RSSI is above the threshold. 
If we name the percentage of time T1, T2 and T3, we will have T1+T2+T3=100%. As a consequence, only 2 of the parameters need to be signalled 
Proposal 3-1: The Load of unlicensed spectrum is signalled over F1 and Xn interface. 
With this information, gNB-CU and neighbouring nodes will have a more precise information on the actual load of the radio interface of the Cell. 
The use of beam is less likely in unlicensed spectrum, because the LBT mechanism needs to be done in all directions. It is not necessary to report the load information per beam. 
Proposal 3-2: The unlicensed spectrum load information is reported per cell (not per beam) 
When gNB is scanning the cell to know where transmission can happen, this is done per channel of 20MHz. It would also make sense to signal the load per channel in the cell. 
Proposal 3-3: The unlicensed spectrum load information is reported per channel of 20MHz 
The load per slice in the unlicensed spectrum would make sense only for the load of own usage. But this should be discussed. 
Proposal 3-4: RAN2 should discuss if the unlicensed band load information is reported per slice.
2.4	Load information per BWP
This problem was originally presented in [5].
For PRB usage report and for CAC report, it has been agreed to have a report per Beam (or per SSB). We describe below some points to consider.
In NR, it is possible to use several BWPs (Bandwidth Adaptation) within a Cell. Bandwidth Adaptation is described in TS 38.300, section 6.10. The figure below shows an example of BWP configuration in a cell, for Bandwidth Adaptation.


Figure 1: Example of BWPs in a Cell
The figure 2 above illustrates the case of different BWPs configured in a cell. BWP0 is the initial BWP. BWP1 and BWP2 are a BWP used for heavier traffic usage. The BWPs belong to the same cell and are located within the total cell bandwidth.
Note that the BWP are overlapping which is considered as the most probable use of BWP in NR. As a consequence, both BWP can use the CD-SSB from the initial BWP for beam forming. However, in current specifications, it is only possible to report the load of the whole cell.
On the other hand, a UE may not be able to use all the available BWPs. Therefore, a DU may manifest sufficient resources to support a UE, but it is still unsure if the UE may use the BWP where the resources are available. 
Observation 4-1: The current resource reporting mechanism still has gaps that may result in rejections of UE Context Setup in a DU.
Resource reporting per SSB, as already available, or per slice, as proposed for Rel.17, does yet solve the problem – the only option is to enable reporting per BWP, too. This may be particularly relevant if BWPs are linked with specific services.
Proposal 4-1: It should be possible to indicate the load of the different BWP independently 
This information could be delivered as PRB usage or Composite Available Capacity 
2.5	MLB for multi panel UEs
When using mmWave in NR, the need arises to compensate for pathloss at these higher frequencies and thus it was proposed to use antenna arrays at the gNB and UE.  Patch arrays for mmWave at UE level are very directive and lead to having multiple array panels covering multiple spatial directions 
When the UE has multiple panels (referred to as MPUE), it may use one or more antenna panels at the same time according to the assumptions agreed in RAN1#AH1901: 
· 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 Tx. 
· 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 Tx 
In MPUE-Assumption 2 and 3, the UE can perform measurements simultaneously on multi-panels whereas in MPUE-Assumption 1 the UE can perform measurement only on one panel at a time. 
Although an MPUE is equipped with multiple panels, there will be only one serving panel at a time on the UE side for MPUE-Assumption 1 and 3. The serving panel is defined as the panel that receives the serving cell/beam with the highest quality.
The level of inter-cell interference depends on the UE antenna architecture and its orientation. This is illustrated in Figure 1 which shows three different cases: 
a) UE with omni-directional antenna - both serving and target cells are received in the same omni-antenna creating a maximum level of interference
b) Multi-panel UE with best UE orientation with respect to inter-cell interference minimization - serving cell is received with high signal power on panel 1 and weak power on panel 2 and the target  cell is received with high signal power on panel 2 and weak power on panel 1
c) Multi-panel UE with bad orientation with respect to inter-cell interference - signal of target cell received on panel 1 will have similar antenna pattern/beamforming attenuation of serving cell signal, creating again high level of interference, similar to case a).
Note that the current assumption in 3GPP is that the panel architecture, the orientation on the UE side and thus the spatial separation among the panels is not visible or reported to the network. Moreover, the switching of the active panel (i.e. the panel where the UE receives the serving beam), which can be triggered by changes in orientation of the UE, which can occur very suddenly and often, is left up to UE implementation.
[image: ]
Observation 5-1: The level of inter-cell interference depends on the UE’s antenna architecture and orientation; however this is not known to the network.
Observation 5-2: Switching of the active panel (i.e. the panel where the UE receives the serving beam) is left up to UE implementation and may be triggered by changes in orientation of the UE, which can occur very suddenly and often.
The orientation of the UE thus impacts the special separation of the cells and brings benefits of intra-frequency load balancing. In case b), where there is a large difference between measurements of the same cell on DIFFERENT panels, the offloading opportunities from serving cell to target cell are greater as compared to cases a) and c). 
The challenge is thus to exploit the large difference in RSRP between cell associated with certain orientations of a multi-panel UE for achieving better load balancing in the network. 
Observation 5-3: The orientation of the UE thus impacts the special separation of cells and brings benefits of intra-frequency load balancing.
Proposal 5-1: RAN3 to consider load balancing solutions which exploit the large spatial separation of cells associated with multi-panel UEs. If needed, RAN2 shall be consulted.
3	Conclusions
In this contribution, we’ve reminded some proposals related to load management and add new ones. We make following observations and conclusions:
Load information per slice
Proposal 1-1: Extend the F1AP: GNB-DU STATUS INDICATION and E1AP: GNB-CU-UP STATUS INDICATION messages to provide information per slice.
Proposal 1-2: Per-slice radio resources are reported, if slice information is requested.
Proposal 1-3: RAN3 to discuss if slice information could also be added to the periodic reporting of the TNL capacity.
TPs to address these proposals are in [6] and [7].
Further clarification of TNL load information
Proposal 2-1: In order to clarify what “the lowest” is to be selected from, the list of relevant interfaces shall be added to the sentence added at RAN3 #109.
TPs to address this proposal are in [8] and [9].
Load information from NR-U
Proposal 3-1: The Load of unlicensed spectrum is signalled over F1 and Xn interface. 
Proposal 3-2: The unlicensed spectrum load information is reported per cell (not per beam) 
Proposal 3-3: The unlicensed spectrum load information is reported per channel of 20MHz 
Proposal 3-4: RAN2 should discuss if the unlicensed band load information is reported per slice.
Load information per BWP
Observation 4-1: The current resource reporting mechanism still has gaps that may result in rejections of UE Context Setup in a DU.
Proposal 4-1: It should be possible to indicate the load of the different BWP independently
MLB for multi panel UEs
Observation 5-1: The level of inter-cell interference depends on the UE’s antenna architecture and orientation; however this is not known to the network.
Observation 5-2: Switching of the active panel (i.e. the panel where the UE receives the serving beam) is left up to UE implementation and may be triggered by changes in orientation of the UE, which can occur very suddenly and often.
Observation 5-3: The orientation of the UE thus impacts the special separation of cells and brings benefits of intra-frequency load balancing.
Proposal 5-1: RAN3 to consider load balancing solutions which exploit the large spatial separation of cells associated with multi-panel UEs. If needed, RAN2 shall be consulted.
References
[1] R3-204982, RAN3 #109e
[2] R3-204978, RAN3 #109e
[3] R3-205771, RAN3 #109e
[4] R3-205772, RAN3 #109e
[5] R3-204981, RAN3 #109e
[6] R3-205955, RAN3 #110e
[7] R3-205956, RAN3 #110e
[8] R3-205953, RAN3 #110e
[9] R3-205954, RAN3 #110e

image1.emf
frequency

BWP

2

80MHz

Total Cell 

Bandwidth

BWP

1

40MHz

BWP

0

20MHz


Microsoft_Visio_2003-2010_Drawing.vsd
frequency


BWP2
80MHz



BWP0
20MHz



image2.png
Serving

(a) Omni UE Q
Serving

(b) Multi-panel UE, /—~
best orientation

Serving

(c) Multi-panel UE,
bad orientation

Omni

L)\ Target

9

®

Panell  Panel2

)\ Target

afs

o~/

=

@

)\ Target

9

Panel2




