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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
RAN2 have agreed that DL-based mobility will be supported and are studying the benefits of UL based mobility compared to DL based mobility, based on performance analysis. The following agreement has been made by RAN2: 
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


Initial studies in RAN1 [1] [2] and in RAN2 have already shown significant benefits for UL mobility, increasing significant reductions in power consumption in CONNECTED_Inactive mode in high speed environments. These reductions in power consumption are of great interest from a UE vendor perspective.
[bookmark: _GoBack]The outcome of the RAN2 study will impact the work that is being carried out in RAN1 on mobility. It is important for RAN1 to have an initial design of UL mobility to allow RAN2 to fully progress their comparative study. A companion document [3] gives our opinions on some of the scenarios that RAN1 need to consider in the L1 design for UL mobility. [4] contains our opinions on scenarios and operation from a RAN2 perspective.
This document discusses some of the issues that RAN1 should consider in its initial design study work on UL mobility.
2. L1 Design Issues for UL Mobility
2.1	Identities 
As part of the UL mobility procedure, the UE sends some form of UL signal to the eNodeB. This UL signal needs to identify the UE (since the network needs to track the UE location based on the identity). In order to dimension this UL signal, RAN1 needs to determine:
· the nature of the identity (e.g. whether it is an RNTI valid over a certain area, a TMSI, or whatever)
· the number of bits that are used for the identity
· the method of encoding the identity
2.2	UL Mobility Zones 
There will be a finite pool of identities. These identities are thus assumed to be valid within a restricted geographical area (i.e. within a restricted set of eNodeBs). The identities can then be re-used according to some form of reuse scheme between the UL mobility zones. 
The eNodeBs within the UL mobility zone also need to be co-ordinated in some way in order to receive the UL mobility signal (e.g. the eNodeBs need to reserve the same resources, such as UL-RS or RACH-like resources, throughout the UL mobility area).
2.3	Transmission Channel for Identity 
The identity for UL mobility can be transmitted in either CONNECTED_Active or CONNECTED_Inactive mode. 
In CONNECTED_Active mode, the UE is timing advanced and power controlled to one of the eNodeBs. The UL mobility signal can then probably be sent in a synchronous manner using UL reference signal-like resources.
In CONNECTED_Inactive mode, the UE is not timing advanced. In this mode, the UL mobility signal should probably have PRACH-like characteristics (though it is probably not necessary to execute a full PRACH procedure: the UE has to at least send a PRACH-like preamble, where the identity that is derived from the preamble is unique within the UL mobility zone). 
2.4 	Power Control 
To control interference at the eNodeB, the UL mobility signal can be power controlled. An open loop power control scheme is probably sufficiently accurate. In CONNECTED_Active state, the UE has read system information and hence knows the parameters required in order to determine pathloss and hence operate open loop power control. In CONNECTED_Inactive state, the UE has to read sufficient information in order to be able to calculate the pathloss for open loop power control, however the UE doesn’t have to read the full SIB.
2.5	Timing Advance 
In CONNECTED_Active mode, the UE is timing advanced to the eNodeB and hence the UL mobility signal can be transmitted with the appropriate level of timing advance. A separate timing advance procedure for the UL mobility signal is not required.
In CONNECTED_Inactive mode, the UE is not timing advanced to the eNodeB. Hence in this mode, the UL mobility signal probably needs to have a PRACH-like structure, as described above.
2.6	Acknowledgement Channel 
When a UE transmits an UL mobility signal, it does not know whether that signal has been successfully received by the network. It is FFS whether the network tolerates this ambiguity or whether the UE’s transmission of an UL mobility signal needs to be acknowledged by the network. If the UL mobility signal is open loop power controlled, our view is that the UL mobility signal should be sufficiently reliable without the requirement for acknowledgement.
2.7	Paging Procedure 
The paging procedure itself is mainly a RAN2 issue. The support of UL mobility means that the network knows the TRP that the UE is close to and does not have to page over a wide Tracking Area. This means that the paging procedure does not have to support as many UEs as the DL-mobility based paging procedure does. The paging channels and procedures can hence be designed with a lower overhead (and lower capacity) than for the DL-mobility case.
3. Conclusion
This document has considered some of the L1 design issues related to UL Mobility. Based on our analysis, the support of UL mobility simplifies NR design. Our analysis shows that the following areas need to be considered by RAN1 in the design of UL mobility:
· Identities
· UL mobility zones
· Transmission channel for UL identities (UL-RS / PRACH-like)
· Power control
· Acknowledgement channel (whether such a channel is required)
· Paging procedure (dimensioning of paging-related channels for UL mobility)
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