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Introduction
[bookmark: _GoBack]Downlink based mobility has been in use for the cellular wireless systems for a few decades. In principle, a cell sends a cell specific reference signal (e.g., CPICH in UMTS or CRS in LTE), and UE performs cell search and measurement. More specifically, when UE is in an idle state, it performs serving cell measurement and cell reselection if required. On the other hand, when UE is in a connected state, it performs cell measurements and sends measurement report to the network if triggered. 
The downlink-based mobility faces some known challenges. For example, it could lead to late handover and frequent search in high Doppler environments like high speed train or very frequent handover and search in the ultra-dense networks. Note that performing cell search quite frequently could drain UE battery quickly while frequent handover would cause heavy RRC message exchange overhead. To resolve such challenges, NR is envisioned to support an uplink based mobility:
· UE sends uplink reference signal for measurement and UE tracking at the network. 
· In response to the uplink reference signal, network might send a downlink physical signal which carry one-bit information for the uplink reference signal acknowledgment and paging indication.


[bookmark: _Ref462920648][bookmark: _Ref462920644]Figure 1. Uplink based mobility illustration

The uplink based mobility is generically demonstrated in Figure 1. The key benefits of uplink based mobility discussed in [1][2] include:
· Reduce UE power consumption
· Improve paging miss and call setup delay
· Reduce NW resource (signal and paging) utilization
· Reduce handover failure rate
This contribution focuses on design aspects of the DL physical channels in supporting the uplink based mobility. The UL physical channels are discussed in [3].
	Physical Downlink Channel for Uplink based Mobility
For the proposal on overall mobility procedure for NR, see [1]. This contribution discusses the DL physical channels for UL based mobility.
[bookmark: _Ref458168953]Synchronization signals 
No additional synchronization channel is envisioned to support UL based mobility in addition to the synchronization channels that is already needed for DL based mobility in [4]. It is expected that all the cells within a zone are synchronized and the synchronization information is already obtained via PSS-C/SSS-C for DL based mobility.
Measurement Reference Signal for zone (MRS-Z)
The Measurement Reference Signal (MRS) is a downlink signal to support downlink measurement at the UEs. Some MRS requirements include
· MRS-Z is zone-specific (SFN from cells within a zone) where uplink based mobility is deployed.
· MRS-Z is used for radio link monitoring for a zone and also can be used for open loop power control for uplink reference signals.
· MRS-Z may follow either nominal downlink numerology or synchronization signal numerology for DL based mobility.

Physical Channel carrying Keep-Alive
To support UL based mobility, we need a physical channel (a.k.a. PKACH for simplicity) to carry one-bit information for
· Acknowledgment to uplink reference signals 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 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 uplink reference signal.
· The PKACH configuration might be signaled in system information.
· PDCCH may be used instead of introducing a new physical channel.
· When there is no paging, only PDCCH can be transmitted
· When there is a paging, PDSCH including paging info can be transmitted together.

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 might be 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 better to send the cell ID unicast to the UE via a physical channel which is named Physical Cell Identification Channel (PCICH) here for simplicity.
· PCICH payload contains serving cell ID and is CRC-protected
· PCICH should be sent efficiently to allow high user multiplexing, fast channel acquisition and flexible subframe switching
· PCICH transmission is event-triggered only (paging or MO data)
· PCICH multiplexing to support multiple UEs should be considered
· PCICH transmission could be configured in system information

One alternative to avoid PCICH is to assign a virtual PCI to the UE when UL based mobility is configured for that UE. The assigned virtual PCI can be used to decode paging signal when the NW needs to page. The virtual PCI needs to be UE specific.
	Conclusion
This contribution has discussed potential DL physical channels to support UL based mobility. Once the framework for UL based mobility is agreed, RAN1 can discuss the necessary channel to support the framework.
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