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Introduction
During the RAN4#101-e meeting, a way forward on FR2 HST RRM requirements [1] was approved, capturing some agreements and remaining open issues on network signalling. In this contribution, we address the open issues and provide our views. 

Discussion
Signalling of uni- and bi-directional operation modes
According the WF [1], whether network should indicate uni- or bi-directional mode to UE is still an open issue.  
	Way forward:
Discuss further a need to introduce network signaling:
· Option 1: Network signals type of deployment (uni- or bi-direction) to UE.
· Option 2: Signaling of uni-/bi-directional operation is not needed.



During the last meeting, RAN4 agreed to have the same RRM requirements for uni- and bi-directional modes for each of the deployment scenarios [1].
	 Agreements:
No separate requirements for uni-/bi-directional deployments are needed.


   
Observation 1: For deployment Scenarios A or B, uni- and bi-directional modes have the same set of RRM requirements. 
As a consequence of the observation, potential benefits of signalling the uni- or bi-direction mode to UE are not obvious. With reference to the e-mail summary [2], some argue that the network signalling is useful to reduce UE RX beam refinement. However, we believe signalling the operation mode alone is not sufficient without knowing the pointing angle of each RRH TX beam. However, such an RRH TX beam pointing angle is discussed in the network assistant signalling in the next section. As there is no obvious benefit, we prefer not to define signalling for indicating uni- or bi-directional mode, but we are open to discuss should potential benefits are identified. 
Observation 2: No obvious potential benefits in defining network signalling to indicate uni- or bi-directional mode.
Proposal 1: Network signalling of uni- or bidirectional is not needed.  

Potential mobility issues in unidirectional scenarios
A potential mobility issue when UE is moving in the direction opposite to the RRH TX beams is documented in the WF [1].
	Way forward:
· RAN4 to consider solutions to potential mobility issue when UE is moving in the direction opposite to the RRH TX beams in Scenario A are not precluded.
· FFS whether 80 ms DRX cycle length can be supported in Scenario A for UE moving in the direction opposite to the RRH TX beams
· Other solutions are not precluded



In [3], a detailed analysis of uni directional Scenario A was carried, where the UE is moving in the direction that is opposite to the pointing direction of RRH TX beams as shown in Figure 1. 


Figure 1: Direction of RRH TX beams is opposite to the UE moving direction for unidirectional scenarios
In unidirectional scenarios, a handover is expected to occur at the switching point Ds_offset, which is defined as the point where UE switches from the serving RRH beam to the target RRH beam based on maximizing SNR among the detected beams. In our system simulations, event A3 is used to trigger handover when the target cell is better than the current serving cell by a 0 dB offset as depicted in Figure 2. In this analysis, the same handover triggering condition is used. Hence, the event is triggered if the following condition is satisfied:
 
where 	 = SNR of the beam in the target cell
 = SNR of the current beam in the serving cell  
Let  and  be the line of sight propagation distance from the serving RRH and target RRH to the switching point, respectively, then the above SNR equation becomes 
  
The height of RRH and UE, inter-RRH distance and  are given in Table 1.
Table 1: Deployment parameters
	Parameter
	Value

	 
	15 m

	 
	5 m

	 
	700 m

	 
	10 m (Scenario A)



For Scenario A,  = 10 m according to agreement in [4]. Using this value and the parameters in Table 1, we get  and .
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Figure 2: Handover occurs at the switching point in unidirectional scenarios
At the switching point, the difference between the target SNR and serving SNR is huge and is significantly smaller than the 0 dB offset. As the A3 Event condition is not satisfied, handover will not be triggered at the switching point. Our analysis is substantiated by simulation results as shown in Figure 3. In our simulation, a realistic PDCCH model was used. 
[bookmark: _Hlk92732178]As shown in Figure 3, the RSRP traces of the serving (RRH1) and target (RRH2) RRHs are shown with different zoom levels. One can observe how good is the signal level from target RRH already much earlier than handover happens. However, the signal level drops drastically as the UE is approaching the serving RRH. In this trace, the handover happens early enough to transmit control messages even with realistic PDCCH model. It is also obvious that even slight delays in handover initiation will cause source RRH to drop to unreachable levels (e.g., RSRP below -120 dBm).
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Figure 3: RSRP traces of serving and target RRHs at two different scales. Vertical lines show A3 trigger coordinate, HO complete, and source RRH location
In Figure 4, we present the simulation results for time-of-outage and mobility failure. There are significant rates of failures which happen much more often when backlobe is completely suppressed. There is some help from having very robust PDCCH transmission level. With planned SSBs, even in case of suppressed backlobe cases without DRX and DRX 40 work well, but DRX 80 has clearly too long delays to provide robust mobility.
Time-of-outage rates follow closely the mobility failure rates in relative results between cases.
The sharp edge of main lobes of the serving RRH beams cause very long tails to RSRP, which is emphasized with longer DRX and non-ideal PDCCH modelling (due to failed HO commands CPE can stay in serving cell too long).
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Figure 4: Mobility failure rates (left) and time-of-outage (right) for different DRX cycle length and PDCCH models.
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Figure 5: Serving cell RSRP CDFs
Observation 3: With planned SSB without DRX and DRX 40 ms work reasonably well, but already DRX 80 ms has clearly too long delays to provide robust mobility.
Observation 4: For unidirectional Scenario A, the DRX upper bound is set to 40 ms for UE moving in the opposite direction to the RRH TX beam pointing direction and 80 ms for UE moving in the same direction as the RRH TX beam pointing direction. 
It is worth noting Observation 4 would lead to 2 different requirements depending on the UE moving direction. For simplicity, we prefer to define one common requirement for unidirectional Scenario A and set the DRX upper bound to 40 ms but we are open to discuss. 
Proposal 2: For unidirectional Scenario A, set the DRX upper bound to [40 ms].

Conclusion
The document has discussed the network signalling open issues. Based on our discussion, we have made the following proposals:
Observation 1: For deployment Scenarios A or B, uni- and bi-directional modes have the same set of RRM requirements.
Observation 2: No obvious potential benefits in defining network signalling to indicate uni- or bi-directional mode.
Proposal 1: Network signalling of uni- or bidirectional is not needed.
Observation 3: With planned SSB without DRX and DRX 40 ms work reasonably well, but already DRX 80 ms has clearly too long delays to provide robust mobility.
Observation 4: For unidirectional Scenario A, the DRX upper bound is set to 40 ms for UE moving in the opposite direction to the RRH TX beam pointing direction and 80 ms for UE moving in the same direction as the RRH TX beam pointing direction. 
Proposal 2: For unidirectional Scenario A, set the DRX upper bound to [40 ms].
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