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1 Introduction
NR system needs to support low latency, seamless mobility, high area traffic capacity, high 5th percentile user spectrum efficiency and high connection density as described in TR36.913 [1]. These requirements set new challenges for system operations and procedures. To improve area traffic capacity, mechanisms will be developed in NR to support large bandwidth and high TRP density.
If the mobility mechanisms based on network-centric framework in LTE are applied in NR, it will increase the need for frequent DL measurements and frequent handover or cell selection/reselection.  Frequent DL based measurements for supporting UE mobility would decrease the energy efficiency and power efficiency of NR especially with wide bandwidths and dense TRP deployment. Frequent handover or cell selection/reselection would lead to huge number of signalling overhead and interruption delay.
To address these issues, a network controlled framework to support a true UE-cell-center-like experience was introduced and discussed for NR in the previous contribution [2].  It was agreed that in last RAN1-#85 that,

· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)

· Name of identity parameter TBD (e.g. cell ID, hyercell ID, system ID)

· Other dependencies to this identity parameter are FFS
In this contribution, we further discuss the system operations and procedures to support this UE-cell-center-like framework and consider the system design principles how to depend on this identity parameter for NR.
2 Hypercell 
In LTE, a “cell” is an association of frequency resource to be used for serving the connected UEs.  UE can receive signal from multiple cells and the Physical Cell ID (PCI) is used to differentiate the transmission from/to different cells. Almost all operations of UE are related to PCI. As a result, many data/control/reference signals and sequences are scrambled and/or identified by PCI, and PCI actually associates the downlink and uplink resources of a cell.  But this design needs to be revisited considering its big challenges on signalling overhead, transmission interruption delay and power consumption due to frequent DL measurements and frequent handover/cell-(re)selection, especially in the TRP dense deployment scenario of NR, as discussed in [3].

To eliminate the limitation of LTE cell, a new cell design without a rigid association with a physical cell or TRPs from a UE perspective, was proposed in [2].    Instead, a logical entity covering a group of TRPs, called a hypercell, can be formed to serve a UE as shown in Fig. 1.  The coverage area and boundary of a hypercell is configurable depending on the network topology, UE distribution and traffic load situation.
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Fig. 1
Hypercell Formation

Targeting to support seamless mobility, as a UE moves among the TRPs within a hypercell, there is no L3 mobility (i.e., handover or cell selection/reselection) and no mobility interruption, which is key performance requirements in NR; while as the UE moves across different hypercells, these TRPs that belong to different hypercells can facilitate “make before break” mechanism to minimize mobility interruptions.  The group of TRPs (e.g. multiple macros and picos) operate together and look like one to the UE, i.e., the actual TRPs belonging to a hypercell are transparent to the UEs.  On the other hand, network can configure a subset of TRPs within the hypercell to transmit synchronization signals and essential system information. The hypercell ID is used for synchronization purposes and entry to NR system, which impacts synchronization signals and the channel design of carrying essential system information as discussed in [4] and [5].  While the system design needs to study the UE operations with minimized dependencies to hypercell ID, in order to eliminate the cell limitation. 
Proposal 1: If TRPs are configured to transmit DL synchronization signals within the same hypercell, these TRPs should transmit the same set of DL synchronization signals associated with one hypercell ID (i.e. the ID which is associated with scrambling the synchronization signals used in initial access).
Proposal 2: Study the system design with minimized dependencies to hypercell ID.
3 UE Identification
After initial access, the UE will be assigned a UE dedicated identifier. To facilitate UE-cell-center-like operation and always-on connectivity, the UE dedicated identifier provides a unique identification across the coverage of a hypercell, i.e., a change of TRP will not necessarily imply a change of identifier. This is a step further than existing mechanism (e.g. CoMP scenario 4) where the UE identifier remains unchanged across TRPs within the macro cell area but will be re-assigned when a UE moves across macro cells.  The formation of TRP set to transmit/receive UE-specific control channels can be UE-specific and different from the TRP set to transmit/receive UE-specific data.  Within the large coverage of hypercell, to support a large number of UEs, the resources of UE-specific control/data channels and reference signals may be reused among different UEs. In order to enable the UE-specific mechanism while randomizing interference among UEs co-existing on the same resource, the UE-specific channels use different sequences, resource mapping and reference signals that are scrambled/determined by UE dedicated identifiers possibly combined with UE-specific (or shared) seeds/randomizers. Interference avoidance techniques along with mitigation using spatial/geographical separation may be used to further improve the overall UE experience. Such mechanisms reduce overhead associated with mobility within the TRPs and enable/simplify CoMP schemes. 
Proposal 3: UE-specific control, data channels and reference signals should be based, as much as possible, on a combination of UE dedicated identifiers, UE-specific seeds/randomizers and shared seeds/randomizers.
4 UL based Measurements
It is analyzed in [6] that UL based measurement has more advantages in terms of UE power consumption, signaling overhead and overall time consumption, compared to DL based measurement.  UL based measurement can be used for short-term link adaptation and frequency selective scheduling, long-term flexible TRP selection/association for the serving UE, UE position tracking, network-controlled mobility handling and even time alignment. The main purpose of an uplink sounding reference signal is for short-term measurement, while tracking signal can be used for long-term measurement. Hence the time-frequency resources and the occurrences in time will be different between the two types of uplink signals (e.g. SRS needs to cover larger bandwidth and occur more often).
Uplink SRS should be configured for UEs with on-going data transmission in a manner that the employed parameters are independent of the serving TRPs. Re-configuration is done in an on-demand basis, i.e. when two (possibly moving) UEs with potentially conflicting configurations are about to cause interference to each other’s uplink signal transmissions.

Uplink tracking signals should also be configured for UEs that are not in the active mode (e.g. in an energy conserving mode). This is important since it allows for the network to continue keeping track of the locations of the UEs, allowing efficient paging, maintain uplink timing alignment and determining UE-TRP association.
Signature sequences such as Zadoff-Chu (ZC) with good auto- and cross-correlation properties allow the reuse of the same tracking signal resources for transmission by different UEs and still allow the ability to reliably detect and identify each tracking signal at reception.  To enable UL tracking for uniquely identifying a UE within a hypercell, the sequence design with different roots and cyclic shifts of the same root could be used for different UEs (e.g. based on UE dedicated identifier).  The allocated bandwidth, periodicity as well as minimum cyclic shift and roots can be used based on UE type, channel variations, etc.
Proposal 4: Support the introduction of UL tracking signal to assist in long-term UE-TRP association. 
Proposal 5: The design of UL tracking signal should take energy consumption into account. UL tracking signal is transmitted when UE is either in energy conserving mode or in connected mode.

Proposal 6: Study UL SRS design and UL tracking signal that are dependent on UE dedicated identifier and not tied to the identity parameter used for synchronization/broadcast.
5 DL based Measurements 
Although UL based measurements have obvious advantages as discussed in Section 4.  DL based measurements are still necessary for beam management and CSI acquisition, and also for hypercell (re)selection if the UE is in an IDLE state.  Within a hypercell, a UE may be exposed to multiple TRPs or multiple beams from one or different TRPs.  The UE can be instructed to measure and report back their channel quality and/or channel state associated with different CSI-RS ports.  Thus the mapping of TRPs and their antenna elements to CSI-RS ports is transparent to the UEs. The main goal of the design of CSI-RS ports and their mapping is to provide a UE-cell-center-like experience of measurement ports which strikes a right balance between CSI-RS resource overhead, UE measurement complexity, feedback overhead and overall system performance. The design methods of CSI-RS should take some issues including UE mobility, network density and traffic load into account. In the following we discuss different variations for CSI-RS design from the network perspective. 
1) In the shared design approach, a group of UEs residing in the same vicinity sharing the same or overlapping CoMP sets (or traveling together) share the same set of CSI-RS ports. Such an approach is suitable in a system with relatively high UE to TRP antenna ports ratio. In general, similar to LTE, the TRP can transmit a common CSI-RS for a group of sharing UEs, to reduce the overall overhead of CSI-RS. The set of CSI-RS ports are semi-statically designed and assigned to the UE while the set of CSI-RS is still suitable for the UE. As the UE moves away and its CoMP set evolves away from the rest of the UEs sharing the same set of CSI-RS, it may be assigned to a different set of existing shared CSI-RS and if not available, a set of new CSI-RS is created. Such CSI-RS ports may be released if the load associated with the corresponding TRP set decreases.

To deploy shared based CSI-RS, different groups of UEs that are good candidates for RS sharing can be identified. For instance, one TRP or a group of TRPs transmit CSI-RS to the first UE group and the other TRP or TRPs transmits CSI-RS to the second UE group. These associated CSI-RS may form different beams of the same TRP set or associated to overlapping TRP sets. Moreover, any UE may be associated with a set of different UE groups. A scrambling common to the group of UEs can be used, that covers the CSI-RS ports associated for each group. Thus, UE group is a (re)configurable entity which is defined within hypercells. 

2) As a special case of the shared CSI-RS mechanism, to better handle mobility, when the UE to TRP set ratio is not high, especially in a ultra-dense network (UDN) setup, a set of CSI-RS ports may be assigned to the UE making it a UE group of size one. The TRP (and TRP antenna element) to CSI-RS port mapping is flexible and the CSI-RS resource (subcarriers, OFDM symbols, scrambling ID) moves with the UE while the UE moves within the network. TRPs in the network stop sending CSI-RS if they are no longer in the measurement CoMP set of any UE, in order to save energy and reduce interference. In this setup, nomadic UEs in the hotspots may still use the UE group based CSI-RS for reducing the CSI-RS overhead. 
3) The group of UEs sharing the same set of CSI-RS can be enlarged to cover a larger area up to the coverage area of the entire hypercell. In such a design, herein referred to as the hypercell based design, the CSI-RS ports are associated with the hypercell, using a mapping that is transparent to the UEs. These ports may be reused in geographically separated areas of the hypercell and should be engineered such that the UEs are not exposed to the duplicate RS ports. Each UE is instructed to perform measurement and feedback on a certain subset of the CSI-RS ports. The UE may be informed of the entire ports associated with the hypercell and as it is moving within the hypercell, the network instructs it of the subset it should measure and report back. Alternatively, the UE may be informed only with the subset of the CSI-RS port interesting to the UE. The hypercell-based design approach is suited for scenarios considering lots of UEs per TRP node. 

From the UE perspective, in either of these approaches, the UE is informed of the corresponding CSI-RS pattern(s) including the number of ports, density, T/F resource mapping, modulating sequence and QCL assumptions. It is also instructed to perform measurement and feedback mechanism. This information may semi-statically be derived from explicit and/or implicit (by incorporating some identifiers) signalling. With such a design, the UE may not need to know which of the CSI-RS design mechanisms is utilized. DMRS in general has a more dynamic nature, but a similar mechanism may be used for DMRS as well with possibly some information conveyed through dynamic signalling. 
It is preferred that DL based measurement mechanism in NR (i) supports different RS design approaches (such as those mentioned above), (ii) provides flexible overhead/performance tradeoff for different deployment/load scenarios, (iii) provides transparent (from UE point of view) mapping of port to TRP/antenna elements and, (iv) utilizes a unified L1/L2 signalling, feedback mechanism and UE behaviour.
Proposal 7: Study DL RS design that allows port sharing and flexible TRP to port mapping from the network perspective with unified signaling, feedback mechanism and UE behavior as much as possible.
6 Physical Layer Procedures

Based on the discussion, the physical layer procedures to support a UE-cell-center-like design can be summarized as follows:
A UE first searches for synchronization signals associated with a hypercell ID. Once the UE obtains synchronization, it can decode essential system information based on the hypercell ID. The synchronization signals and essential system information can be transmitted by a subset of TRPs within a hypercell. Then UE uses an UL random access channel to establish connection to the network. Finally, the UE obtains the UE dedicated identifier.
Once a UE gains access to the system, network can configure UL and DL based measurement mechanisms. UL based measurement can be configured for the UE either in energy conserving or connected mode for long-term UE-TRP association, UE position tracking, network-controlled mobility handling and even time alignment. DL based measurement can be configured for beam management and CSI acquisition. It can also be used for hypercell (re)selection if the UE is in the idle mode. 
7 Conclusions
In this contribution, some considerations on the NR system design principles to support UE-cell-center-like operations were discussed.  We have the following proposals:
Proposal 1: If TRPs are configured to transmit DL synchronization signals within the same hypercell, these TRPs should transmit the same set of DL synchronization signals associated with one hypercell ID (i.e. the ID which is associated with scrambling the synchronization signals used in initial access).
Proposal 2: Study the system design with minimized dependencies to hypercell ID.
Proposal 3: UE-specific control, data channels and reference signals should be based, as much as possible, on a combination of UE dedicated identifiers, UE-specific seeds/randomizers and shared seeds/randomizers.
Proposal 4: Support the introduction of UL tracking signal to assist in long-term UE-TRP association. 
Proposal 5: The design of UL tracking signal should take energy consumption into account. UL tracking signal is transmitted when UE is either in energy conserving mode or in connected mode.
Proposal 6: Study UL SRS design and UL tracking signal that are dependent on UE dedicated identifier and not tied to the identity parameter used for synchronization/broadcast.
Proposal 7: Study DL RS design that allows port sharing and flexible TRP to port mapping from the network perspective with unified signaling, feedback mechanism and UE behavior as much as possible.
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