[bookmark: _Toc193024528]3GPP TSG RAN WG2 Meeting #96	R2-168567
Reno, Nevada, USA,14-18 November 2016

Agenda item:	9.3.1.3
Source: 	Huawei, HiSilicon
Title: 	Uplink based mobility in high frequency RRC_INACTIVE state
Document for:	Discussion and Decision
Introduction
Currently a “new state” or RRC_INACTIVE state is being investigated in order to balance between power consumption, mobility/idle mode wake-up latency, and signalling/context overhead, etc., in particular for light connection and possibly NR MBB scenarios (FFS) too. Generally speaking, for a UE in RRC_INACTIVE state, the network maintains UE context and keeps track of it, while the UE stays connected and RAN-controlled—whether or how it can be RAN paged and use RACH for data communication is still being studied. In RAN2 95bis meeting [13, 14], below were agreed:
1	Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.
2: 	A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.
3: 	Limit number of radio network identifiers
4:	In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network.

Additionally in [4, 11], more agreements were reached regarding UL data transmission in the “new state” as below, but (UL/DL) “UE mobility shall be evaluated” which involves especially RACH, paging, identification, and saving of signalling overhead/latency and UE power. 
Agreement
1: 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.

Agreements for how progress the study:
1: 	For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.
1a	We need to discuss and determine the use case for data transmission
1b	Determine the latency requirements from the RAN TR that apply for the "new state".

2	2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)
b) Transmit data together with initial RRC message for transition to connected
c) Transmit data in "new state"

3	 Questions for be answered for any proposal:
- whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?
- contention resolution, at which step (depends on exact procedure)?
- grant size, what are the supported sizes and how to perform size selection?
- whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?
- usage of HARQ/ARQ?
- how to perform UE identification/(authentication/context fetch)?
- how to configure U-plane for transmission?
- for b)
	- when does the UE start full connected operation, e.g. RLM, CSI/RRM measurements, etc.
	- how to determine whether to move to "full connected" or not
	- whether data would always be concatenated in order to establish the RRC connection, and whether that would affect the coverage by deteriorating the successful rate of RRC connection establishment/resume
- for c), how to decide when to use c) rather than a)

On the other hand, UL mobility for connected inactive state so far was mainly for low frequency (LF).
· We proposed UL based mobility [2, 3] using an UL tracking signal, termed UL beacon here, to save power and reduce latency for inactive state LF mobility, particularly for small data and/or densely deployed small cells. 
· Similar proposals [4, 5, 7, 9] were given but mainly for the LF macro/micro-cell with high-speed UEs. 

In this contribution we try to progress the study items as listed in the agreement, but with a focus on UL based mobility for NR high frequency (HF) scenarios in particular. In companion proposals, we are also contributing UL mobility for active state in both HF [16] and LF [17], for inactive state in LF mainly [15], and in both RAN1 [6] and RAN2 [15~17]. 


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Traditional DL and UL synchronization in time/frequency/code in LF needs to be extended with an extra dimension in HF, i.e., the space or beamforming, which implies much more complexity in (UL/DL) synchronization, paging, and connection maintenance, and takes a toll on saving power and signalling overhead as well. A short break of services, e.g., DRX OFF period of 10s of ms, may cause the UE and serving TRP(s) to lose synchronization and suffer from beam misalignment, while even a long blockage duration in-between UE-TRP(s) may cause the same problem. 
We consider the exemplary scenario as in Figure 1, where densely deployed HF TRPs are synchronized under the management of the same gNB, while a UE in this area may move in RRC_INACTIVE state. Regardless of DL or UL based mobility, such a system involves very complex, time/power-consuming, yet mission critical L1 and L2 synchronization and beam management actions, such as beam alignment between UE and specific serving or target TRPs, beam refinement, and beam tracking for any scenarios below:
· In case UE needs to do a TA update, and in case there is no communication between UE-gNB, UE has to search around to (re-)align with specific HF TRP(s) first before it can communicate with gNB and the network. 
· Given the same setup, if a gNB/TRP needs to locate a UE in RRC_INACTIVE state, paging within the TA may be needed, while any paging demands UE-TRP re-sync and beam realignment, with the extra complexity to ensure PF/POs and spatial beam alignment happen in the same time/frequency/code.
· In case cell reselection happens in inactive state DL mobility, UE cannot communicate with the previous serving TRP(s) any more due to RLF, it then needs to discover, synchronize, and beam-align with candidate target TRP(s) under the same gNB, the same complexity exists.   
· Even though cell reselection could be saved (FFS) in inactive state UL mobility, to finish RRM measurement, UE may still need constant beam (re-)alignment and spatial synchronization with the serving TRP(s), and/or search a stored list of target TRP(s) under the same gNB.. Therefore the same complexity exists. Furthermore, even if RACH used in this process could be non-contention based, i.e., with reserved PRACH opportunities in code/time/frequency,  spatial synchronization and the associated complexity cannot be avoided.). 
· For inter-gNB mobility in inactive state, the same complexity exists at the TRP level but may involve additional L3 HO messaging.

Hence in HF mobility, particularly in RRC_INACTIVE state (and RRC_IDLE), special attentions to any needed paging/TA update/RACH and synchronization are needed compared to the active state mobility [16]. This contribution targets to clarify some high level concepts, key design details, and remaining FFS’s. 
Proposal 1: RRC_INACTIVE state mobility in NR HF deserves further investigation with respect to synchronization, page/TA update, and RACH process due to the beamforming in HF.


Figure 1.  Paging, Synchronization, and TA update/RACH, if necessary, for an inactive state UE within one “cell”

DL based mobility problems in HF


Figure 2.  Paging PF/PO and spatial synchronization (beam alignment) interactions in a standalone HF system
As shown in Figure 2, when a HF UE moves around or “wakes up” in RRC_INACTIVE, the UE and its serving TRP(s) may have to re-synchronize with each other not just in code/space/frequency but also in the beam domain, regardless if cell reselection may be needed. This is true particularly in DL based mobility, where UE has to finish DL and spatial re-synchronization in order to be “paged” in specific PF/PO/DRX ON opportunities. Then if needed, the UE has to conduct RACH or UL spatial re-synchronization with the serving TRP(s). All of them are very time consuming and very slow compared to a small PF/PO duration, and multiple POs may be needed just for UE-TRP to be beam searched and re-aligned, not to mention the high power-consumption to the UE in this process. 

Observation 1: DL mobility in RRC_INACTIVE state in standalone HF systems requires UE to conduct complex and time/power-consuming paging and beam alignment with target TRP(s).
Now let us assume network assistance or gNB based LF paging and TA update are used instead. UE’s location update and gNB’s paging can be done as in the legacy LTE. Hence the previous complexity seemingly disappeared, but when UE tries to recover its data communication with previous serving TRP(s), or with any newly searched target TRP(s), the same dilemma will happen again---UE and TRP(s) have to spatially align with each other first. Even if LF assistance may help speed up this process in a LF-assisted DL based HF mobility, this responsive re-alignment or beam/TRP search is almost certainly too slow to meet the required NR mobility latency. Without going to further details, we can imagine that the RACH process in inactive state DL mobility involves the same problem. 

Observation 2: DL mobility in RRC_INACTIVE state even with LF assistance may still require UE to conduct reactive, i.e., slow and power-consuming, beam alignment with target TRP(s).
UL based Inactive State mobility in HF
When an UL or DL service event happens and demands UE-TRP(s) data connections, the serving TRPs may not know the exact location of the UE in inactive state, or UE not aware of where it is, unless costly beam-formed synchronization is conducted. If it were still DL mobility, UE would have to wait for a PO with DRX ON to start beam sweeping and align with any TRP(s), not to mention that the TA update and RACH process all need beam alignment as a prerequisite. This responsiveness is often a very time consuming process, incurring severe power and signalling overhead.

Now let us see the benefits of UL based mobility using the key concept of proactive UL beaconing in a narrow-band HF beaconing channel. See Figure 3 and Figure 4 for example.  


Figure 3.  A pre-configured or dedicated narrow-band UL beaconing channel in UL based mobility



Figure 4.  UL beaconing process can replace the RACH and TA update
Given that a UE “wakes up” in RRC_INACTIVE state, it needs fast and power-saving recovery of any previous connection with the serving TRP(s), or UE may see RLF and have to conduct IDLE mode mobility and cell reselection. Because there may not be constant strict synchronization between UE and the network (TRPs or gNB) during this state, UE may have to re-synchronize with the TRPs with or without gNB (LF) assistance. 
Note that Figure 4 uses network (LF) assisted scenario just for example when contents in parentheses are considered. The LF assistance here can speed up the UE-TRP(s) alignment with beaconing (CH) information and beam/TRP(s) selection information, just for example. If given a standalone HF, at least the Step 1 and Step 2 in Figure 4 will have to drag on much longer for lack of real-time “best” beam information from the other side, and consequently emphasizing the benefits for having LF assistance in HF systems over the purely standalone case.
As discussed in [16], UL tracking signal may take two formats: 
· An UL beacon (which can be a preamble over the narrow-band UL CH, probably enhanced with certain UE and beam identification information), or a RACH-like design as shown in Figure 3/Figure 4, where the UE can beam sweep an HF beacon and “RACH” with surrounding TRPs without the pre-requisite of strict DL synchronization. Obviously this format meets the requirements for re-synchronization and TRP searching of RRC_INACTIVE state mobility very well.
· This beacon may be event-triggered (say, upon LF-notification of TRP existence or location trigger) or periodic (say, once per DRX ON in PF/PO). Therefore, it may proactively keep the UE-TRP(s) synchronization in time/frequency/code/space, and hence offers a fast mobility or wake-up response.
· Another format can be SRS-like, which is more used for L1 beam tracking given continuous and strict UL and DL synchronization between UE and a specific (serving) TRP. It is not necessarily useful here.

Given the UL beaconing, we can see that the complex paging (+ RACH for TA update, etc) in Figure 2 can be replaced by the process in Figure 5 below, where the blue text in parenthesis implies (possibly gNB-controlled) LF assistance for speeding up the beam alignment and for scheduling the beaconing opportunities.

 
Figure 5.  UL beaconing and paging/RACH in (LF assisted) HF inactive state mobility
Note that the LF assistance, though good to have, is not a pre-requisite to use UL beaconing for reduced (wake-up) latency when immediate response to a page is needed. UE can control its own (event-driven) beaconing or follow a pre-configured beaconing opportunities in time/frequency/code/spatial direction (by LF assistance, for example), and hence UE can trade off the mobility/wake-up latency with its power consumption. More importantly, compared to DL mobility/scanning, such a beaconing scheme can save TA update and RACH processes, as it achieves the same purposes, and it scales up very well regardless of the number of surrounding TRP(s) in a UDN. 
In standalone HF UDN systems, where LF or gNB assistance is not available, the beaconing process is not scheduled but can still be blindly transmitted using beam sweeping even without accurate DL synchronization first. Surrounding TRP(s) will have to use beam sweeping or wide-to-narrow beams to constantly monitor the narrow-band channel and does L1 correlation in order to capture the beacon. We believe UL based mobility is still more scalable and power saving to the UE especially in a UDN than the DL mobility, though it naturally becomes less efficient and more cumbersome for the lack of network/LF assistance. See [16, 18] for more discussions.
Observation 3: UL HF beaconing for connected inactive state UE (with LF assistance or not) speeds up the paging and synchronization process,  and saves the TA/RACH process during the mobility management.
Proposal 2: UL HF beaconing in a narrow-band UL channel shall be considered a baseline for RRC_INACTIVE mobility in NR HF, and be investigated for replacing the RACH and TA update process.
Proposal 3: Network (gNB, MeNB, or LF) assistance shall be exploited whenever possible with higher priority than standalone HF in both DL and UL RRC_INACTIVE mobility management.
Discussion
[bookmark: _GoBack][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Through we analyzed the benefits of UL beaconing and UL-based mobility in HF, we acknowledge that DL mobility is still applicable in a lot of scenarios. UL and DL-based mobility may coexist or even be harmonized into one framework in future studies, same is true between the UL beaconing in LF and in HF.  In short, with respect to inactive state mobility, there are still a lot of detailed open design issues in both RAN1 and RAN2, beyond the FFSs for connected state mobility as listed in [16]:
· Numerical analysis of UL mobility in terms of saving UE power and the signaling overhead, and the feasible and beneficial scenarios for replacing RACH, TA update, etc., with UL beaconing, a RAN1 and RAN2 issue.
· Concrete application scenarios for RRC_INACTIVE state in NR HF, a RAN2 issue mainly.
· Detailed paging and RRC_INACTIVE mobility protocols given UL beaconing in HF (and/or in LF), a RAN2 issue mainly. We refer to [5, 15] as initial start points.
· Detailed beaconing (channel) format, a RAN1 issue mainly.

Observation 4: RRC_INACTIVE state UL mobility in NR HF needs concrete UL signal and mobility protocol design in both RAN1 and RAN2.
Conclusion
In this contribution, we provided some initial analysis on UL mobility for RRC_INACTIVE in HF, particularly for a UDN and regardless standalone or LF assisted. We observe and propose the following:
Observation 1: DL mobility in RRC_INACTIVE state in standalone HF systems requires UE to conduct complex and time/power-consuming paging and beam alignment with target TRP(s).
Observation 2: DL mobility in RRC_INACTIVE state even with LF assistance may still require UE to conduct reactive, i.e., slow and power-consuming, beam alignment with target TRP(s).
Observation 3: UL HF beaconing for connected inactive state UE (with LF assistance or not) speeds up the paging and synchronization process, and saves the TA/RACH process during the mobility management.
Observation 4: RRC_INACTIVE state UL mobility in NR HF needs concrete UL signal and mobility protocol design in both RAN1 and RAN2.
Proposal 1: RRC_INACTIVE state mobility in NR HF deserves further investigation with respect to synchronization, page/TA update, and RACH process due to the beamforming in HF.
Proposal 2: UL HF beaconing in a narrow-band UL channel shall be considered a baseline for RRC_INACTIVE mobility in NR HF, and be investigated for replacing the RACH and TA update process.
Proposal 3: Network (gNB, MeNB, or LF) assistance shall be exploited whenever possible with higher priority than standalone HF in both DL and UL RRC_INACTIVE mobility management.
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