Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2 NR Ad Hoc	Tdoc R2-1700541
Spokane, USA, 17th – 19th January 2017

Agenda Item:	3.3.1.1.1
Source:	Ericsson
Title:	RRC Measurement report triggering and content
Document for:	Discussion
[bookmark: _Ref462817227]Introduction
In RAN2#96 the following agreements have been made concerning measurement reports in NR for RRC_CONNECTED UEs: 
1	At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered)
FFS other events may be studied
2	Measurement report will contain cell measurements
FFS whether the measurement report contains beams measurements

This paper discusses the following issues related to measurement reports in NR:
· The triggering criteria associated to the different mobility events based on beam-specific RS, cells or other ways to group beams
· [bookmark: _Ref462918989]The content of the measurement reports i.e. whether they should contain only aggregated values per cell and/or also beam
[bookmark: _Ref178064866]Discussion
Triggering criteria based on groups of beams
In LTE, RRM measurements are triggered and reported by the UE to the serving cell so the nework has the ability to detect that a given neighbour cell that the UE might have detected is in better radio conditions than the current serving cell. Measurements thesholds are configured such a way that the UE report measurements before the network can take a handover decision without the SINR being degraded to an unnaceptable level but not too soon, otherwise that would generate too much unecessry RRC signalling. The trigering mechanism in LTE is based on the quality of cell-specific reference signals (CRSs). Once reported the network has the ability to decide whether to handover or not the UE from one cell to another. The RRM measurements should reflect the quality of the cell candidates the handover should be possibly performed.
In NR, according to the latest agreement, an RRC_CONNECTED UE will be measuring beamfomed RSs (regardless if these are the same in idle and/or connected). These beams shall also need to be distinguished by the UE. Hence, if we would have followed the exact same principle as in LTE, measurement reports, their triggering mechanisms and handovers should be defined per beam instead of per cell.

If the exact LTE principle would have been followed, measurement reports, triggering mechanisms and handovers would be defined per beam

On the other hand, with the configuration of beam-specific mobility RSs (MRSs) for RRM measurements in RRC_CONNECTED it is expected that in certain scenarios (such as in higher frequencies) the UE would detect a significant amount of MRSs at the time, and, there might be situations where performing handover based only on individual MRSs is not the most beneficial choice. One situation when handovers based on individual beam-based measurements can be problematic is when the handover decision causes ping-pong between different nodes, as discussed in [1]. An example is given in Figure 1. 
[image: ]
[bookmark: _Ref465845893]Figure 1. Example of ping pong between different nodes.
In the example, taking handover decisions based on individual MRSs, i.e. always handing over to the beam with the strongest MRS, would lead to six handovers when the UE is moving along the depicted arrow according to Table 1, here referred to as example a. As can be seen, three inter-gNB handovers are made, namely handover 1a, 2a and 4a. Whereas handover 4a is necessary as the UE continues moving between beams from gNB3, the first two inter-gNB handovers 1a and 2a are resulting in a ping-pong between gNB’s. In this case it would have been more beneficial to avoid handover 1a, and stay in gNB1. An example is given in Table 2, where only five handovers are performed. With the knowledge of which beams, represented by different active mode mobility reference signals, that belong to the same group, for example is being transmitted by the same gNB, the signal strength/quality from multiple beams within this group can be used for triggering handover events and UE reporting. This way, problems caused by only considering single beams can be avoided, also see example b.

	Handover
	-
	1a
	2a
	3a
	4a
	5a
	6a

	New Serving gNB
	1
	2
	1
	1
	3
	3
	3

	New Serving Beam
	11
	22
	12
	13
	31
	32
	33


[bookmark: _Ref465848428]Table 1. Example a) Handovers decisions based on individual active mode mobility reference signal measurements.
	Handover
	-
	1b
	2b
	3b
	4b
	5b

	New Serving gNB
	1
	1
	1
	3
	3
	3

	New Serving Beam
	11
	12
	13
	31
	32
	33


[bookmark: _Ref465849240]Table 2. Example b) Handovers decisions based on groups of active mode mobility reference signal measurements.
[bookmark: _Ref465866186]It is beneficial to trigger mobility events based on the quality of groups of beams 
What is fundamentally necessary is to group beams per TRP in order to avoid too many measurement reports and/or ping-pong handovers. Obviously a natural choice, as proposed by some companies, is to simply assume that this group of beams is defined as a cell. In simplified deployments, e.g. where each cell is defined by a TRP, this is indeed sufficient. Each UE will trigger measurements based on some combined quality of beams from the same cell i.e. from the same TRP.

In single TRP cells mobility events can rely on groups of beams per cell
On the other hand we believe this definition is not sufficient or unnecessarily too restrictive. For example, it can be beneficial to configure UEs to trigger measurement reports based on group of beams in other granularities such as beams transmitted per TRP. In deployments of large cells comprised of many TRPs the network could benefit of receiving measurement reports per TRP instead of being forced to always rely on beam management procedures that may require more configuration and might not be easily performed in scenarios where these TRPs are linked with non-ideal backhaul.

In some deployments the triggering of mobility events per cell is too restrictive
Mobility events should be configurable for groups of beams not restricted to all beams belonging to a cell e.g. per TRP

In the intra-RAT measurement report triggering events specified for LTE, measurements on serving (primary and secondary) and neighboring cells are considered (events A1-A5), but also measurements on CSI-RS (Event C1-C2). The events focus on cells (or, in the CSI-RS case, the CSI-RS resource) becoming better/worse than one or more given threshold(s), or offset better than another cell (or CSI-RS resource). The slogans of the LTE events are given below.

· Event A1: Serving becomes better than threshold
· Event A2: Serving becomes worse than threshold
· Event A3: Neighbour becomes offset better than PCell/ PSCell
· Event A4: Neighbour becomes better than threshold
· Event A5: PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2
· Event A6: Neighbour becomes offset better than SCell
· Event C1: CSI-RS resource becomes better than threshold
· Event C2: CSI-RS resource becomes offset better than reference CSI-RS resource

In RAN2#96, it was agreed that the mobility events (A1-A6) inspired in the ones defined for LTE could be used. Assuming that beam-specific RSs can be grouped in other levels of granularity in addition to the cell level new mobility events would need to be further considered. 
For example, an NR equivalent of even A1, denoted NRA1 could be “Strongest beam group of serving cell becomes better than threshold”.
[bookmark: _Ref465866249]The mobility event framework in NR should enable the network to configure the UE to trigger events based on any groups of beams (including per cell)


Content of measurement reports
Another discussion regarding measurement reports is whether the UE should report only the values per cell (and/or considering any other value per group of beams) or, in addition, per individual beam. It is crutial that the content of RRC measurement reports suffices the serving gNB to make a proper handover decision and send a handover command that contains suficient information so the UE can access a target cell. 

The content of RRC measurement reports should suffice the serving gNB to make a proper handover decision and send a handover command that contains sufficient information so the UE can access a target cell

In LTE, reporting quality values per cell is sufficient since the target cell does not have the flexilibty to decide before the handover is performed which resources will be allocated for that UE. In addition, the information required to the UE to access the target cell is defined per cell i.e. it does not change within the cell (e.g. PRACH resources and/or preamble).

In LTE measurement reports per cell are sufficient to allow the serving cell to make proper handover decisions and/or to allow the target cell to provide the sufficient information so the UE can access it
In NR, reporting only cell-based measurements could be fine in simplified deployments such as with cells defined per TRP in the same frequencies and/or antenna configurations as in LTE. That should be the case regardles if the same as in idle or one additional RSs per cel is configured for RRC_CONNECTED UEs.

NR measurement reports per cell are sufficient if NR is deployed in the same frequencies as in LTE today and/or under certain antenna configurations
However, multiple beamformed RSs will be used for RRM measurements in RRC_CONNECTED at least in higher frequencies (regardles what solution will be finally selected in RAN1) and/or certain antenna configurations with many ports. We believe that reporting only cell-based measurements could limit the handover performance compared to the case where beam-specific measurements are reported. 
For example, if only cell-based measurements are reported the serving gNB would request  the target gNB to accept a handover without knowng to which beam and/or group of beams the candidate UE would be served while the knowledge of the strongest beam-specific RSs detected by the UE enables the target gNB to take into account other aspects such as load in a higher granularity than in a cell level. That might be even worse in scenarios were a cell is comprised by multiple TRPs so that the load of one TRP could be completely different from the load of another TRP although the UE might have sent a single cell-based measurement.

NR measurement reports per cell are not sufficient in higher frequencies, especially in scenarios with multiple TRPs per cell
In addition, there is another aspect related to the PRACH configuration and the way the UE accesses a target cell. In NR high freqeuncy deployments, receiver beamforming might need to be applied at the base station for PRACH premable detection. To enable that, before the UE access a cell it should know the PRACH configuration that could be defined per DL beam the cell. If in these scenarios a handover needs to be executed only relying on the cell-based measurements the target gNB would not provide PRACH information per beam so that upon the UE receives a handover command it would first need to read the system information from the target cell before the UE can access the target cell which may icnrease complexity and delay the handover procedure. 

UE would need to read system information in the target cell if beam-specific measurements are not reported by the UE. That could increase complexity and delay in the handover procedure.

In order to mitigate that effect the UE should report beam-specific measurements, possibly in addition to beam-group based information (that might have been used for reporting triggering such as the cell to beam relation). To facilitate that process, it seems beneficial to say that the beam-specific RSs carries a beam identifier (ID). Although final decision is within the scope of RAN1, it is proposed to send an LS to RAN1 with recommendations in that direction.
For example, an NR equivalent of even A1, denoted NRA1 could be “Strongest beam group of serving cell becomes better than threshold”.
NR measurement reports should carry beam-specific measurements in addition to cell-based and/or group-based measurements 
Send an LS to RAN1 explaining the benefits of encoding a beam identifier in beam-specific RSs used for RRM measurements in RRC_CONNECTED 

In a subsequent contribution we treat in more details how filtering per group of beam should be performed i.e. whether based on the average of N strongest beams, only based on the occurrence of the strongest beam per cell/group, etc. [2]. In another contribution it is also explained the implications of the different content of the handover command [3].

[bookmark: _Toc461106288]Conclusion
In this contribution, the following observations were made:
1. If the exact LTE principle would have been followed, measurement reports, triggering mechanisms and handovers would be defined per beam
1. It is beneficial to trigger mobility events based on the quality of groups of beams 
1. In single TRP cells mobility events can rely on groups of beams per cell
In some deployments the triggering of mobility events per cell is too restrictive
The content of RRC measurement reports should suffice the serving gNB to make a proper handover decision and send a handover command that contains sufficient information so the UE can access a target cell
In LTE measurement reports per cell are sufficient to allow the serving cell to make proper handover decisions and/or to allow the target cell to provide the sufficient information so the UE can access it
In LTE measurement reports per cell are sufficient to allow the serving cell to make proper handover decisions and/or to allow the target cell to provide the sufficient information so the UE can access it
NR measurement reports per cell are not sufficient in higher frequencies, especially in scenarios with multiple TRPs per cell
UE would need to read system information in the target cell if beam-specific measurements are not reported by the UE. That could increase complexity and delay in the handover procedure.

Based on these observations the following has been proposed:
1. Mobility events should be configurable for groups of beams not restricted to all beams belonging to a cell e.g. per TRP
1. The mobility event framework in NR should enable the network to configure the UE to trigger events based on any groups of beams (including per cell)
1. NR measurement reports should carry beam-specific measurements in addition to cell-based and/or group-based measurements 
1. Send an LS to RAN1 explaining the benefits of encoding a beam identifier in beam-specific RSs used for RRM measurements in RRC_CONNECTED 
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