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1 Introduction
In RAN2#95bis meeting, it was agreed that:
· Concerning RRC driven UL-based connected mode mobility:

· 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.
In RAN1 86bis meeting [1], it was agreed that
· UL beam management is to be further studied in NR

· Similar procedures can be defined as DL beam management with details FFS, e.g.:

· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)

· Note: this is not necessarily useful in all cases

· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)

· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming

· FFS Indication of information related to Tx/Rx beam correspondence is supported

· Study UL beam management based on:

· PRACH

· SRS

· DM-RS

· Other channels and reference signals are not precluded

· Study uplink beam management procedure by considering the Tx/Rx beam correspondence

· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence
This contribution discusses further the benefits and addresses some concerns raised about UL based mobility. 
2 UL based mobility
UL based mechanism for mobility was proposed as complementary to DL based mechanism by several companies in the RAN1 86 and 86bis meetings [2]-[4]. The main characteristics and benefits of UL based measurement for mobility described in [2] can be summarized as:

· UL-based mobility is based on a single step measurement of UL transmission(s). This facilitates both power saving at the UE and reducing the mobility interruption. 
· The advantage of UL-based mobility is more prominent in scenarios where the ratio of TRPs and/or beams to UEs is large such as ultra dense network (UDN) deployment. In UDN, DL-based mobility may require a large amount of DL RS measurement and feedback at every UE. In [5], it is shown a considerable UE power saving through UL based measurement that tracks the UE by maintaining its TRP set. 
· To address the overhead and latency issues, it is proposed that in the new RAN-controlled state, RRC_INACTIVE, the network maintains UE context and keeps track of the UE serving TRP set. This enables efficient UE paging and re-entry, maintaining UL time alignment, and determining the best TRP(s) to communicate with UE when UE transitions to the active mode, achieved through the following:
· An uplink measurement reference signal (RS) for the new RAN controlled state. To further reduce the energy consumption, this signal transmission can be along a pre-assigned narrowband channel [6].
· Measurement in the RRC-connected state may be performed using the uplink measurement RS or measurement and feedback of a DL RS.
3 Considerations on UL based mobility 
In RAN1 86bis meeting, some questions and concerns were raised about UL based mobility and its effectiveness. In this section, we study and address these concerns.
3.1 UL based mobility for multi-beam scenarios such as high frequency bands

UL based mobility for multi-beam scenarios may require beam sweeping to increase coverage. Such scenarios include analogue beamforming in high frequency deployment and digital/hybrid beamforming in low frequency massive MIMO deployment. In case of massive MIMO in low frequency, such a beam sweeping may be required only in the network side, which translates to longer or multiple transmissions of the sequence(s) at the UE (in different time slot and/or frequency bands) to allow for UL Rx beam sweeping. For HF deployment, beam sweeping would be required at both TRP and UE sides, but this requirement can be alleviated if proper LF assistance is present. One should note that while beam sweeping means longer utilization of the sequences and hence larger delay and power consumption compared to non-beam based UL measurement which increases linearly with the number of beam directions, any DL based measurement technique also requires a higher and linearly increasing overhead of DL scanning, feedback and probably higher power consumption by the power-constrained UE devices. 
Observation AUTONUM  : Both DL and UL based mobility in HF may use beam sweeping in HF.
3.1.1 Beam sweeping and power consumption

UL based mobility is also applicable to high frequency, contrary to some assertions such as in [7]. One should note that: 

· Both DL and UL based measurement at high frequency deployment may need beam sweeping. As shown in [6], UL based measurement is more energy efficient than DL. And, it is applicable to beam-based scenario too, where it scales by the number of beams. 
· Power consumption is proportional to the amount of “on-time”. UL based measurement reduces the amount of on-time of a UE for scanning compared to DL beam sweeping measurement time. 
· Reference [5] shows that reduction in the receiving time and short transmit time of the UE reduces the power consumption of UL based measurement compared to DL based. Similar logic and conclusion can be seen in [8] though which is for LF only. 
· From the UE perspective, the energy consumption due to modem power on/off duty cycle and frequency and measurement BW are dominant for the UE in inactive state according to the analysis in [5]. For high frequency spectrum, the measurement BW is increased much higher than that of low-frequency spectrum.  Therefore, the energy consumption due to the increased measurement BW for DL-based measurement is more serious in high frequency spectrum.
· Beam sweeping in UDN: Most HF deployment is based on UDN where a UE sees a lot of TRPs in its vicinity (and each TRP sends multiple beams), the amount of time and number of DL-based measurements and feedbacks can far exceed that of UL beams. This translates to more power consumption with DL based than UL based mobility.
· In UL-based mobility, UE does not need to change the number of its UL beams with TRPs. The beam width can be fixed and narrow enough to make sure that it reaches neighboring TRPs. The number of UL Tx beams and transmission efforts does not necessarily scale with the number of neighboring TRPs and their beams but in DL-based the number of DL scanning or beam measurements scales with the number of TRPs and the beams from each TRP. 

Observation AUTONUM  : UL based mobility results in better power saving compared to DL based measurement.
3.1.2 Reciprocity and beam sweeping

In a multi-beam environment, depending on the reciprocity assumptions, the overhead and power consumption of UL based measurement can be further reduced. Note that, here by reciprocity, we mean direct relation of UL and DL only over the beam directions (and other long term statistical parameters) and not necessarily the instantaneous channel matrices.
· Reciprocal network: This can mean two-way reciprocity, UE side only, and TRP side only.
· UE side only 
· In this case, the UE receives some SS in the DL, it may reuse those directions to send the UL measurement RS. This is in effect a hybrid DL-UL based measurement with all the signaling in UL only and no UE side feedback. If the UE receives multiple directions from those sync channels, it may sweep a subset (or all) of these directions for UL transmission of RS.
· TRP side only 

· In this case, the UE is not able to use DL beams to determine the best UL directions. Therefore, the UE should do beam sweeping to contact the TRPs. In scenarios where the coarse direction of the TRP-UE link can be determined from DL measurements, the UE may limit its beam sweeping space to those around the DL beam directions. Since the TRPs maintain reciprocity, the TRPs may use the received beams as the beams for sending future correspondences (UE-specific RS, data, control, etc.). Moreover, the timing of DL beam sweeping of SS may be used to further narrow down the beam sweeping directions of the measurement at the network side. That results in fewer UL transmissions at the UE and hence lower total energy consumption.
· Reciprocity in both sides: in this case, both the above apply and the best beam sweeping pair for the initial access can be utilized for measurement. One may note that the UE may maintain multiple TRP-UE beams and potentially, transmits multiple RS’s for the different maintained beams.  

· Non-reciprocal high frequency deployment: In this case, both DL and UL based RRM need beam sweeping. The UL beam is optimized only based on UL beam sweeping and DL beam only is optimized based on DL beam sweeping and the network requires to have optimal beam set in both DL and UL direction. That being said, having UL direction may limit the search space in DL and vice versa, because a coarse UL beam direction may be derived from DL beam.

Observation AUTONUM  : Using reciprocity, the overhead of beam sweeping for UL based measurement can be further reduced.
3.2 Network synchronicity and UE UL timing 
It is understood that with a synchronized system, the implementation of different channels and mechanisms including both the DL and UL based measurement for mobility could be more robust. However, different scenarios have different levels of robustness against any timing mismatch. 

· For the case of UL based mobility, synchronization requirements are not stringent. As long as the CP of the RS sequence (as well as the least cyclic shift difference between different sequences if ZC is used) is bigger than timing mismatch between different TRPs plus propagation delay (to the significant TRPs), it works. In many scenarios, especially in small ISD deployments such as UDN, the round trip propagation delay difference is more than any timing difference. 
· In case of imperfect synchronization, the RS pool becomes smaller. One should note that the purpose of the UL based mobility is not to pinpoint the position of the UE and is merely to determine the best serving TRP set in both UL and DL directions. 
One should note that: 

· Network timing mismatch is different from the UE UL timing. 
· In a perfectly synchronous network, the UE UL timing may be off by the round trip time if no timing advance is used. This is one of the reasons that in the LTE PRACH design, a longer CP and a relatively long GT is used. 
· In a network with less than perfect synchronization, the UE may still be time aligned in UL with respect to its assigned UL TRP set as long as its propagation delay plus channel dispersion time plus any timing mismatch (with respect to its UL TRP set) is shorter than CP.

Observation AUTONUM  : Synchronicity requirements of UL based measurement are not stringent. 

3.3 Access control   
UL based measurement does not mean UE autonomously transmits UL signal. It needs to be configured by the network. The UL based measurement is in effect an extension of UL narrowband SRS to RRM and mobility handling in both active and inactive states. Even in the case of potential NR cell change, network can still control whether to allow a UE to access a particular NR cell. A neighboring NR cell can stop monitoring a particular UE's UL signal if it desires. 
Observation AUTONUM  : UL based measurement is controlled by the network. 

Following the above observations, the following is proposed.

Proposal 1: UL based measurement is observed to provide power saving, shorter on-time for measurement, better performance such as lower overhead in some scenarios such as UDN. Therefore UL based measurement should be supported in NR, in additional to DL based measurement.
4 Conclusions
This contribution discusses further the benefits and addresses some concerns raised about UL based mobility. We have the following observations and proposal,
Observation 1: Both DL and UL based mobility in HF may use beam sweeping in HF.

Observation 2: UL based mobility results in better power saving compared to DL based measurement.
Observation 3: Using reciprocity, the overhead of beam sweeping for UL based measurement can be further reduced.
Observation 4: Synchronicity requirements of UL based measurement are not stringent. 

Observation 5: UL based measurement is controlled by the network. 

Proposal 1: UL based measurement is observed to provide power saving, shorter on-time for measurement, better performance such as lower overhead in some scenarios such as UDN. Therefore UL based measurement should be supported in NR, in additional to DL based measurement.
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