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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction 
UL-based mobility has been proposed and discussed for NR in the past meetings and currently some agreements are related to the UL beam management aspect [1]-[3]. It was also agreed that considerations of UL-based mobility to supplement the DL-based mobility to be evaluated further. These agreements are listed here for reference. From [1], [2]:
“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…”

and from [3], it was agreed in RAN2#95bis: 

"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.”

It was also proposed in a WF that [4]:
 “UL measurement for mobility is supported in NR for UEs at least in RRC Active state, in addition to DL-based mobility”.

In this contribution, we summarize the different discussions and studies thus far in RAN1and provide our views on the status of the discussions. 

Overview of Discussion 
UL-based RRM measurement for mobility, in addition to DL-based, has been discussed in multiple documents [5]-[15]. In particular, UL-based measurements for L1/L2 mobility such as beam management within a NR Cell have already been agreed. This L1/L2 mobility facilitates support of Tx/Rx beam pair for a moving UE, and beam optimizations such as further beam refinement or substitution with a new pair of beams. 
Various benefits of UL-based mobility have been described and studied [6]-[8], [11]-[15] that support its benefit as a complimentary technique to the DL-based mobility approach. In [16], it has been shown that UL RS can be used to assist DL-based RRM measurement to satisfy the measurement requirement in CONNECTED state. In [17], it has been discussed that LTE handover for RRC Active UEs has three phases of handover trigger, handover preparation, and handover execution and UL-based mobility has impact only on the handover trigger phase. The same document also indicates that RAN2 LTE procedures and messages for RRC Active UEs seem to allow the support of UL-based mobility, at least in certain scenarios. Analysis comparing UL-based mobility with DL-based mobility has also been studied in [9] and [10], offering different perspectives and observation. Furthermore, numerous simulation evaluations of the available RS options for DL mobility have been conducted, one of which can be found in [18]. An overview of the various aspects studied in these contributions is as follow: 
· Power consumptions and efficiency: UL-based mobility is based on a single step UL beacon/RS transmission. In [7], power consumption of such a single step transmission can be less than that of the measurement and feedback required in the DL-based mobility. However, an analysis, with different assumptions, has observed that UL based mobility consumes more power than DL based mobility [9]. 
The relative power saving of UL-based mobility can be more substantial in dense networks wherein each UE may receive many DL beams with relatively similar powers. In such cases, DL-based mobility may require a large number of measurements and feedback. In turns, the number of UL-based mobility’s RS transmissions does not increase in dense networks; making the UE power consumption of UL-based mobility independent from the TRP/beam density at the network side. 
· Reduced mobility interruption/latency: DL-based mobility is based on a two step measurement-feedback procedure at the UE while its UL-based counterpart is comprised of a single-step UE transmission. This translates into a less interruption time and latency in UL-based mobility. Mobility management efficiency can make non-negligible contribution to system performance especially in dense networks where UE can move in and out of the coverage area of multiple DL beams in a short time interval.
In [10], it was shown that DL based mobility still provides low paging miss rate (<2%) at 120 km/h. It should be noted that depending on the number of TRPs involve in paging, paging miss rate can always be low, at the expense of paging overhead in the network. Paging delay is determined by the paging/DRX cycle. Therefore, cannot be artificially made longer even with UL based measurement. In [18], simulation studies showed that for a given paging/DRX cycle, UL based provides a lower paging miss rate than DL due to more up-to-date UE-TRP association. 

· Signaling overhead: The signaling overhead of UL-based and DL-based mobility are in general comparable. Analysis in [9] showed that the signaling overhead of UL measurements is higher than DL based mobility. However, our analysis in Annex A shows that when rate of transmitted UL tracking signals is adapted to the UE speed and TRP deployment, a substantial backhaul signaling overhead reduction may be achieved when UL-based mobility is used for network entry. 

Summary  
In this contribution, we summarized the different analyses that have been done thus far and noted the differences and their observations. While the performance delta of UL based mobility versus DL based mobility are deployment scenarios specific, the benefits of UL based mobility as a complementary to DL based mobility is not disputed.  The ability UL measurement not scaling with the number of TRPs and beams is one such benefit over DL based measurements. On the other hand, steps to ensure that UL RS needed to support UL based mobility is adaptable to the different measurements need such that signaling overhead is controlled and optimized, as pointed out in [9].
Based on the above considerations and benefits of UL based mobility versus specification effort and complexity tradeoffs, we propose that UL based mobility is supported in NR to complement DL-based mobility for UEs in RRC Active state with existing UL RS that are supported for L1/L2 mobility.
Proposal 1: UL based mobility is supported in NR in addition to DL-based mobility for UEs in RRC Active state with UL RS that are supported for L1/L2 mobility.
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Annex A: Signaling overhead analysis in backhaul
In this section we analyze signaling overhead of UL and DL based mobility schemes in the backhaul in the case of UE entry to the network. 
Uplink Based Mobility
Let us assume we have an average K TRPs receiving the UL RS from a single UE.  The steps involved in UL based mobility are the following:
· The UE transmits UL RS periodically, either
· (a) during configured DTX occasions, every Tdtx [s], or with rate 1/Tdtx  [signals/UE/s]; or
· (b) based, e.g., on the average time spent in a cell (dwell time). Consider that the UE should transmit NULRS UL RS within each “visited” cell. Assuming a fluid mobility model, the average cell dwell time (given a circular cell with radius r) is tdwell = πr/2v [s/cell] with v the UE speed [m/s]. The UL RS rate then becomes RULRS = NULRS/tdwell = (NULRS·2·v)/(π·r) [signals/UE/s]. Because the UL RS rate cannot exceed the DTX occasion rate, the UL RS rate is given by min(1/Tdtx, RULRS) [signals/UE/s].
· Each of the K TRPs receiving the UL RS sends a message report over the backhaul to the (common) gNB. Given that K TRPs receive the UL RS the signaling overhead in the backhaul is:
· (a) K/Tdtx [messages/UE/s] for the case of UL RS sent every DTX
· (b) K·min(1/Tdtx, RULRS) for the case of cell dwell dependant UL RS transmission.
· Based on the received UL RS measurements the gNB sends a TRP selection message to the “best-serving” TRP for each UE:
· The signaling overhead is then 1/Tdtx per UE per second.
Then, the overall signaling overhead in the backhaul for UL based mobility results in 
	
	
 [messages/UE/s]
	(1)

	
	
 [messages/UE/s]
	(2)



Note that in case of DL data to a UE, the gNB sends to the “best” TRP control information regarding allocation for DL data to the UE. Note also that in UL based mobility there is no need for sending paging messages, unlike in DL based mobility. This is because the “best-serving” TRP is known by the gNB owing to the received UL RS. Recall that in DL based mobility, in addition to the paging message, a RACH procedure is also needed before the allocation for DL data is sent to the UE. On the contrary, in UL based mobility, such an allocation for DL data can be sent immediately and without the need for paging. This gives significant latency gains.
DL Based Mobility
The steps for DL based mobility in the case of UE entry to the network are the following:
· Paging messages arrive at a rate of Npaging [messages/s/UE]
· A central control entity (e.g. MME) sends a paging message for a UE via all the TRPs within the RAN tracking area (KTA), and in the configured paging occasion of the paged UE.
· Signaling rate is then KTA·Npaging [messages/s/UE]
· The UE receiving the paging message will in turn respond back to the MME with a RACH preamble (plus other related signaling messages which are not taken into account here). Then, the signaling overhead from this contribution is 1·Npaging. 
· 

For the tracking area update (TAU) signaling, we assume that KTA cells forming an “equivalent” tracking area of radius , with r the radius of a single cell. Then, considering the same fluid model as before, the TAU rate is given by RTAU = (2·v)/(π·) [messages/UE/s].
Then, the overall DL based mobility signaling in the backhaul accounting for all contributions yields:
	
	
 [messages/UE/s]
	(3)


In (3), it is implicitly assumed that paging and TAU occasions occur at most during DTX occasions.
Numerical Results
Figure 1a) shows the UL based signaling overhead in the backhaul, via expression (1), whereby the UE transmits UL RS at every DTX opportunity. 
Figure 1b) shows the UL based signaling overhead, via expression (2), whereby the UE transmits NULRS=10 UL RS/cell. In addition, Figure 1c) shows the UL based signaling overhead in this case with NULRS=100 UL RS/cell. 
Finally, Figure 2d) shows the DL based signaling overhead in the backhaul, as proposed in (3).
[image: ]
Figure 1: Signaling load in the backhaul for UL and DL based mobility. Tdtx= 640 ms, UL signal receiving TRPs K=3, tracking area size KTA=30. UE speed is v=3 km/h, cell radius is r=250m.

The following observation can be made.
Observation 1: Backhaul signaling overhead of UL based and DL based mobility in the case of UE entry to the network are comparable in general. 
Observation 2: The rate of transmitted UL tracking signals can be adapted to the UE speed and cell deployment in the UL-based mobility case. This may result in a substantial backhaul signaling overhead reduction with respect to the DL-based mobility case. 
Observation 3: UL-based mobility provides less backhaul signaling overhead in comparison to its DL-based counterpart when paging message rate increases.
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