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1. 
Introduction
In the context of the ongoing Rel-14 RAN study, various performance KPIs and requirements have be proposed in the latest Technical Report, Study on Scenarios and Requirements for Next Generation Access Technologies [1], including UE energy efficiency, mobility and Network energy efficiency, etc. Clearly, mobility design and enhancement are one of the important areas for ensuring and optimizing those performance KPIs.

In a typical cellular communication system, to perform mobility procedure, generally speaking one part of the communication link needs to send the reference signal while the other part of the link needs to make measurement and determine when the mobility procedure is needed. Intuitively, there can be two high level categories of mobility procedure as we described in [2], namely UL based mobility where UE sends the reference while eNB performs the cell search, or DL based mobility where eNB sends the reference while UE performs the cell search, 

In a mobility challenging scenario, it is expected that UL mobility can have multiple benefits compared to DL based mobility, including but not limited to (part of benefit is also confirmed via simulation and presented in [3])

· UE power consumption reduction
· Improve paging reliability and call setup delay

· NW resource (RS and paging) reduction
· HO failure rate reduction
In this contribution, we first discuss requirements on physical channels which are needed to support uplink based mobility, and then provide the high level descriptions on physical channels 

2. 
Physical Channel Requirements for Supporting Uplink Based Mobility

This section discusses some requirements for uplink based mobility and the corresponding physical channels to fulfill such requirements. As briefly discussed in the introduction, the basic requirement for uplink based mobility is that UE needs to send a unique reference signal which the network can track.

Proposal 2.1: UE should have a uniquely identifiable reference signal which the network can track (e.g., all cells can potentially demodulate). This can be supported through an Uplink Measurement Indication Channel (UMICH). 
Another requirement is that UE should always know when it is successfully being tracked and should be pageable. In addition, UE should not need to know cell ID to receive this acknowledgement.
Proposal 2.2: Network should send a keep alive like signal in response to the UE's tracking reference signal (UMICH). This can be supported through a Physical Keep Alive Channel (PKACH). 

Upon being paged or for MO data, UE should know which is serving cell for connection setup or receiving the page
Proposal 2.3: Network should transmit the PCI of the serving cell to UE to allow connection setup. This can be supported through a Physical Cell Identification Channel (PCICH).

The other requirement is that UE should be able to measure the strength of the zone (i.e., consisting of tightly synchronized cells) for an outer-loop power control of UMICH. Furthermore, zone quality measurement could be useful in handover or reselection decisions.
Proposal 2.4: Network should transmit reference signal to allow UE zone quality measurement. This can be supported through a Measurement Reference Signal (MRS).

Based on the above discussion, we need the following physical channels to support uplink based mobility.
· Downlink physical signals and channels

· Synchronization signals (PSS/SSS)
· Measurement reference signal (MRS)

· Physical Keep-Alive channel (PKACH)

· Physical cell identification channel (PCICH)

· Uplink physical channel

· Uplink Measurement Indication Channel (UMICH)
3. 
Downlink Physical Signals and Channels
3.1
Synchronization signals 
The cell or transmit/receive point (TRP) periodically transmits synchronization signals to support time and frequency synchronization and physical cell ID detection. Associated with the uplink based mobility is the zone concept in which a zone comprises synchronized TRPs. One of the differences between uplink based and downlink based mobility:
· In downlink based mobility, UEs are required to perform the cell search and measurement to support the mobility procedures. In addition, the UE in some states such as RRC_CONNECTED might be required to send measurement report to the network for mobility support.
· On the other hand, in uplink based mobility, the UEs are not required to perform cell search when moving within a zone. The network shall provide the physical cell ID (e.g., via a physical channel such as Physical Cell Identification Channel (PCICH)) to the UEs when it is required. Furthermore, UEs shall transmit some UL reference signal such as Uplink Measurement Indication Channel (UMICH) for mobility support.

Hence, requirements of the synchronization signals should include
· Support zone ID detection as well as timing/frequency synchronization when uplink based mobility is deployed. 
· Support cell ID detection well as timing/frequency synchronization when downlink based mobility is deployed. 

Proposal 3.1: Study synchronization signals to support different mobility procedures for NR including uplink based mobility, downlink based mobility and hybrid downlink/uplink based mobility.
3.2
Measurement Reference Signal (MRS)
The Measurement Reference Signal (MRS) is a downlink signal to support downlink measurement at the UE. Some MRS requirements include
· MRS could be zone-specific to support uplink based mobility while being cell-specific to support downlink based mobility is deployed.
· MRS bandwidth could be configurable and signalled to UEs.
· MRS could use the nominal downlink numerology.
Proposal 3.2: Study Measurement Reference Signal (MRS) design to support different mobility frameworks for NR including uplink based mobility, downlink based mobility and hybrid downlink/uplink based mobility.
3.3
Physical Keep-Alive Channel (PKACH)
The Physical Keep-Alive channel (PKACH) carries one-bit information for

· Acknowledgment to UMICH (which is discussed later) for contention resolution and radio link monitoring

· Indication such as paging, on-demand SI etc.

Some PKACH design considerations include:
· PKACH should be transmitted efficiently to enable high PKACH capacity, fast channel acquisition and flexible TDD subframe switching.
· PKACH could be beam-formed to a particular UE, especially in large antenna array systems like massive MIMO.
· PKACH from multiple UEs should be multiplexed efficiently. In addition, PKACH could be scrambled by UE-ID which is a part of UMICH.
· The PKACH configuration can be signaled in system information.
Proposal 3.3: Consider to introduce Physical Keep-Alive CHannel (PKACH) to support uplink based mobility in NR
3.4
Physical Cell Identification Channel (PCICH)
In uplink based mobility framework, the UE is not required to search for cell IDs of cells in a zone. Instead, UE is only required to search for zone ID and measure zone signal strength. To support spatial reuse (cell splitting gain), network could provide serving cell ID to UE when required, e.g., for connection setup when UE is paged or has MO data. 
One option is that the network could send some cell-specific reference signals so that UE could search for the serving cell ID. However, the cell ID collision could happen. One example: there are two neighboring TRPs, TRP1 sends reference signal 1 (carrying cell ID1) and PDCCH1 to UE1 and TRP2 sends reference signal 2 (carrying cell ID2) and PDCCH2 to UE2. However, due to broadcast nature of wireless medium, UE2 might detect the reference signal 1 to obtain cell ID1 and then decoding PDCCH1 successfully, causing the wrong cell ID detection.
Hence, it is highly desirable for network send the cell ID unicast to the UE via a physical channel, such as Physical Cell Identification Channel (PCICH). 
· PCICH payload contains serving cell ID 
· PCICH should be sent efficiently to allow high user multiplexing, fast channel acquisition and flexible subframe switching
· PCICH transmission is event-triggered only

· PCICH multiplexing to support multiple UEs should be considered

Proposal 3.4: Consider to introduce Physical Cell Identification channel (PCICH) to enable uplink based mobility in NR
4. 
Uplink Physical Channels
As we discussed previously, to support UL based mobility, UE needs to send UL reference signal for network to perform measurement. In this section, we discuss the physical channel to support UL reference signal, especially in a RRC inactive state. 
4.1 Uplink Measurement Indication Channel (UMICH)

UMICH is an uplink channel to allow the network measure UE signal quality for TRP or cell (re-)selection decision. The UMICH should carry at least two information elements:
· Sequence for UL reference signals 
· UE-ID

UMICH could be viewed as a RACH sequence preamble followed by a UMICH payload carrying UE-ID, which is illustrated in Figure 1.
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Figure 1. UMICH signal

UMICH design considerations include:

· UMICH should be transmitted in the UL-centric sub-frame every xth subframe, where x is configurable. 
· UMICH numerology could be different from the nominal numerology to accommodate different cell range requirements.
· UMICH configuration could be signalled in system information.
Proposal 4.1: Consider to introduce Uplink Measurement Indication Channel (UMICH) in NR to support uplink based mobility

5. 
Conclusion

In the context of the ongoing Rel-14 RAN study, various performance KPIs and requirements have be proposed in the latest Technical Report, Study on Scenarios and Requirements for Next Generation Access Technologies [1], including UE energy efficiency, mobility and Network energy efficiency, etc. Clearly, mobility design and enhancement is one of the important areas for ensuring and optimizing those performance KPIs.

In a typical cellular communication system, to perform mobility procedure, generally speaking one part of the communication link needs to send the reference signal while the other part of the link needs to make measurement and determine when the mobility procedure is needed. Intuitively, there can be two high level categories of mobility procedure as we described in [2], namely UL based mobility where UE sends the reference while eNB performs the cell search, or DL based mobility where eNB sends the reference while UE performs the cell search, 

In a mobility challenging scenario, it is expected that UL mobility can have multiple benefits compared to DL based mobility, including but not limited to (part of benefit is also confirmed via simulation and presented in [3])

· UE power consumption reduction

· Improve paging miss and call setup delay

· NW resource (RS and paging) reduction

· HO failure rate reduction

This contribution discussed some requirements on physical channels to support NR uplink based mobility framework. In particular, the proposals are summarized below.
Proposal 2.1: UE should have a uniquely identifiable reference signal which the network can track (e.g., all cells can potentially demodulate). This can be supported through an Uplink Measurement Indication Channel (UMICH). 

Proposal 2.2: Network should send a keep alive like signal in response to the UE's tracking reference signal (UMICH). This can be supported through a Physical Keep Alive Channel (PKACH). 

Proposal 2.3: Network should transmit the PCI of the serving cell to UE to allow connection setup. This can be supported through a Physical Cell Identification Channel (PCICH).

Proposal 2.4: Network should transmit reference signal to allow UE zone quality measurement. This can be supported through a Measurement Reference Signal (MRS).

Proposal 3.1: Study synchronization signals to support different mobility procedures for NR including uplink based mobility, downlink based mobility and hybrid downlink/uplink based mobility.

Proposal 3.2: Study measurement reference signal (MRS) design to support different mobility frameworks for NR including uplink based mobility, downlink based mobility and hybrid downlink/uplink based mobility.
Proposal 3.3: Consider to introduce Physical Keep-Alive CHannel (PKACH) to support uplink based mobility in NR

Proposal 3.4: Consider to introduce Physical Cell Identification channel (PCICH) to enable uplink based mobility in NR

Proposal 4.1: Consider to introduce Uplink Measurement Indication Channel (UMICH) in NR to support uplink based mobility
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