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Introduction
Concerning RRC driven UL-based connected mode mobility, RAN2 agreed:
· For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.
· For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied
· Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis. 
This paper discusses use case and analysis for UL measurement based mobility (UMM) in connected mode.
Discussion
Use Case for UMM
It is expected in NR, to meet the ever increasing traffic demand, and with higher frequency used; dense network scenario will become popular. Large amount of network TRPs or beams come into existence. 
Nevertheless, by DL measurement based mobility (DMM), there would be large amount of reference signalling broadcast from dense TRPs or beams for the purpose of measurement. And since number of signal patterns is limited, interference among signals of neighbouring TRPs or beams would increase. This results in bad DL RS SINR, making it difficult for UE to detect TRPs or beams. As a result, more measurement samples are required before UE is capable to report back reliable measurements reports. This leads to delayed TRP switch or handover. In addition, such amount of reference signals will also bring burden to UE detection, calculation and measurement reporting procedure. 
To sum up, issues of DMM rises in NR UDN scenarios include:
1. Large amount of DL RS transmission in networks
2. Delayed handover due to bad DL SINR and delayed measurement reporting, leading to degraded mobility performance, including mobility failure
3. Significant power consumption for UE to perform cell search, detection and measurement reporting
Observation 1: In the deployment scenario of dense TRPs or beams, downlink measurement based TRP or Beam changing will bring severe burden to reference signals transmission, prolong TRP/Beam switch/handover latency and cause burden to UE.
On the other side, given UL signal can be coordinated among multiple beams/TRPs, UL measurement based mobility (UMM) can well address above issues:
1. By UMM, number of UL measurement signals is proportional to number of users rather than number of network nodes. Denser network will not bring more DL RS transmission. This is because, with adequately synchronized network nodes and well-designed UL measurement signal, one shot of UL signal transmission can often be received by several network nodes. This is especially effective in dense network deployment scenarios. In this way, number of measurement signal will not be impacted by network density.
2. By mitigating air interface “measurement and report” pattern, UMM is likely to achieve faster mobility decision and better mobility performance. This can be explained as follows: first, while it is difficult to coordinate DL RS for dense TRPs, more flexibility can be applied to resource allocation of UL measurement signal. This guarantees relatively high UL SINR. And reliable detection and measurement can be achieved with less measurement samples, reducing measurement latency. Second, all signal detection, measurement, and computation are completed in the more powerful network side, without need to wait for UE computation and report.
3. UMM is probable to reduce UE power consumption under dense network deployments. All measurements are performed in network side; UE is free from performing frequent cell search, measurement and reporting, which is quite a burden to UE in case of dense network. And although UE is required to transmit UL measurement signal, the signal can be very much optimized on demand of each connected UE, for example, by enhancing existing SRS of a connected UE. UE power consumption would not be noticeably increased and even be reduced since DMM is not implemented. 
Apart from above benefits of UMM, smoother mobility could be achieved by UMM in case of dense network. Since coverage of each TRP is relatively small, UL measurement signal could also be used to cover minor timing alignment adjustment. RACH-less handover can therefore be applied, which reduces handover interruption time.
Proposal 1: UL measurement is beneficial to improve connected mobility performance in case of dense network deployment.
Analysis of UMM
So far, two main concerns are brought to application of UMM:
1. Whether uplink measurement signal transmission would introduce even more power consumption for UE?
2. Would uplink measurement based handover or TRP/beam switch timely and reliable enough?
Both of the two concerns have been touched in chapter 2.1. In this chapter, procedures of DMM and UMM will be drafted, then further analysis regarding the second concern can be better elaborated. 
Procedure of DMM
Figure 1 Procedure to support DMM

Figure 1 illustrates a typical procedure of DMM when UE is connected: 
1. UE is informed of DL RS configuration of related TRPs
2. UE detects and measures the DL RSs
3. UE sends measurement reports back to serving TRP
4. Serving TRP makes mobility decision
5. Handover request is delivered from source TRP to target TRP
6. Handover ACK is delivered from target TRP to source TRP
7. Mobility decision is delivered to UE from source TRP
Procedure of UMM
As a starting point, the figure below illustrates the architecture and procedure to support UMM:




Figure 2 Architecture and procedure to support UMM
In the figure, mobility decision function (MDF) is a logical function, which can be located in TRP or upper control unit. MDF is utilized to coordinate UL measurement signal (e.g. UL RS) and UL measurement among multiple TRPs.  
The procedure to support UMM includes following steps:
1. MDF configures UL RS to UE for measurement and informs the configuration to related TRPs
2. TRPs detect UL signals
3. TRPs send the UL measurement reports back to MDF
4. MDF makes mobility decision
5. Mobility decision is delivered to source TRP, and possibly target TRP
6. Mobility decision is delivered to UE via signalling connection to source TRP
Reliability Analysis of UMM
As illustrated in Figure 1, latency of DMM step 7 mobility decision includes latency of DL RS synchronization, latency of DL measurement (which depends on frequency of DL RS and required number of DL measurement samples), latency of two air interface signals (i.e. UE measurement reports and mobility decision to UE), latency of two sequential inter-TRP signals (i.e. handover request and handover ACK), and processing time of above interacting signals. 
For UMM, as illustrated in Figure 2, measurements from several nodes are gathered at MDF; those measurements are then compared and used together to make an educated decision about nodes selection. In this way, UMM reliability can be at least comparable to DMM reliability.
The latency of UMM step 6 mobility decision includes latency of UL RS synchronization, latency of UL measurement (which depends on frequency of UL measurement signal and required number of UL measurement samples), latency of one air interface signals (i.e. mobility decision to UE), latency of two MDF-TRP interactions, and processing time of above interacting signals.
UMM is likely to reach faster mobility decision compared to DMM from following perspectives:
1. As described above, in dense network, UMM can reduce latency of UL measurement, e.g. by per UE optimized RS frequency, more flexible UL RS resource allocation (compared to DL RS), and more powerful measurement computation in network. As a simple example, assuming both frequency of DL RS and frequency of UL RS are 5ms, if UMM saves 4 measurement samples (e.g. DL, 8 samples; UL, 4 samples), then measurement latency is reduced by 20ms.
2. UMM saves latency of measurement reporting over air interface and the corresponding processing time. If with 1ms transmission time interval (TTI) and 4ms processing time, 5ms can be saved.
Note: Latency of TRP-TRP interface and latency of MDF-TRP interface are supposed the same,
With above example, UMM could in total save 25ms compared to DMM. An exemplified implementation data shows that DMM requires 60-80ms latency before mobility decision. This means UMM is capable to reduce the latency of mobility decision by 30-40%. UE can switch or handover to appropriate TRP(s)/beam(s) more timely. This lowers number of mobility failures. In this sense, UMM is even more reliable compared to DMM by shortening latency of mobility decision.
Proposal 2: UL measurement is feasible from RAN2 point of view.
Since DMM and UMM can be complimentary for different network scenarios, for example, UMM is very suitable for dense network. However, if UE density is growing even faster, benefits of UMM would be weakened. Solutions should be designed for flexible usage of DMM and UMM.
Proposal 3: Coexistence and flexible usage of DMM and UMM should be studied.
Conclusions
This paper discusses use case and analysis for UL measurement based mobility (UMM) in connected mode. We propose:
Observation 1: In the deployment scenario of dense TRPs or beams, downlink measurement based TRP or Beam changing will bring severe burden to reference signals transmission, prolong TRP/Beam switch/handover latency and cause burden to UE.
Proposal 1: UL measurement is beneficial to improve connected mobility performance in case of dense network deployment.
Proposal 2: UL measurement is feasible from RAN2 point of view.
Proposal 3: Coexistence and flexible usage of DMM and UMM should be studied.
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