
3GPP TSG RAN WG1 Meeting #88                                 R1-1701583 
Athens, Greece, 13th - 17th February 2017
Source:        ZTE, ZTE Microelectronics
Title:           Connected mode RRM measurements
[bookmark: Source]Agenda Item:   8.1.1.5
[bookmark: DocumentFor]Document for:  Discussion and Decision
1. Introduction
In RAN2#94 [1], it was agreed that there are two levels of mobility in RRC_CONNECTED (active), one level with zero/minimum RRC involvement and one level with RRC based mobility driven at ‘cell’ level. 
The UE should be able to identify and measure individual beams and it should be able to distinguish between serving and neighbor cell beams [2]. For the cell-level RRC based mobility, measurements of individual beams can be combined into a ‘cell’-level quantity. 
In RAN1, the mobility with zero/minimum RRC involvement is mainly discussed in the context of L1/L2 beam management. Our views on measurement RS and beam management are presented in the companion contributions [3][4][5].
The ‘cell’ level RRC driven mobility has been called ‘L3 mobility’ in RAN1. For L3 mobility in connected mode, it was agreed that at least non-UE-specific DL signals can be used for RRM measurements [6]. Furthermore, the following agreements on signals for RRM measurement were reached in the RAN1 NR_AH meeting. 
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded
· RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
· The additional RS for mobility if defined can be transmitted on multiple beams.
In this contribution, we further discuss the connected mode ‘cell’ concept and DL signals for connected mode L3 mobility.
2. Cells for Connected Mode L3 Mobility
L3 mobility is based on ‘cell’-level RRM measurements. However, the relation between the ‘NR cells’ seen by idle mode UEs and the connected mode ‘cells’ has not yet been agreed. The need to use different ‘NR cells’ (idle) or ‘cells’ (connected) is largely based on the network deployment. TRPs that are unsynchronized, connected with non-ideal backhaul and/or have limited coordination capabilities typically need to create different cells. This deployment-dependency is valid for both idle mode ‘NR cells’ and connected mode ‘cells’. From this point of view, it is reasonable to assume that idle mode ‘NR cells’ significantly overlap with connected mode ‘cells’. On the other hand, synchronized TRPs with ideal backhaul do not have to create different idle mode ‘NR cells’ or connected mode ‘cells’. For connected-mode, intra-cell mobility can be used instead. Hence, we propose the following.
Proposal 1: Idle mode NR cells are used also as cells in connected mode L3 mobility.
Note that the use of cells for L3 mobility does not mean that the same cell concept has been used for L1/L2 mobility. Instead, L1/L2 mobility should allow sufficient flexibility to use concepts such as virtual cells and beam groups. 
In some scenarios, it may be motivated to let different TRPs create different cells, even though the TRPs have sufficient synchronization and coordination capabilities and connectivity to support same cell operation. At least in such scenarios, and when the TRPs share the same MAC entity, it should be possible to employ L1/L2 mobility between the TRPs, even though they serve different cells. This is discussed in more detail in [10].
Proposal 2: L1/L2 mobility between TRPs serving different cells (for L3 mobility and idle) is supported, at least when the cells/TRPs share the same MAC entity.
3. DL RS for Connected Mode L3 Mobility
In RAN1 NR_AH, it was agreed that at least the IDLE RS are to be used for connected mode RRM measurements. However, the IDLE RS may not be sufficient for meeting connected mode requirements, in particular for handover between cells. For example, the signal coverage of IDLE RS may not match the coverage offered by connected mode data transmissions. The reason is that IDLE RS are typically beamformed with wide beams, while connected mode transmissions use highly directive beamforming. Furthermore, even if the IDLE RS coverage is sufficient, the measurement results may not accurately reflect the signal levels achievable during connected mode data transmission. For example, as shown in Figure 1, the IDLE RS with wide beams are used for IDLE mode measurement. The narrower beams are used for connected mode data transmissions. Although the IDLE RS and narrower beams can provide the same coverage as long as the number of narrow beams is sufficient, the signal quality provided by them are different due to the fact that narrower beam can bring more gain. Hence IDLE RS can not sufficiently represent the quality provided by narrower beams in connected mode. In order to address these issues, the reuse of CSI-RS for L1/L2 mobility for L3 mobility should be considered. In [3], we propose a multi-level CSI-RS design for NR, where the first-level periodic/multi-shot CSI-RS is used for measuring large-scale channel properties such as RSRP. Such measurements could form the base also for L3 mobility, in addition to the measurements on IDLE RS. 
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Proposal 3: NR supports connected mode L3 mobility based on RRM measurements on CSI-RS (e.g. a first-level CSI-RS) defined in the L1/L2 beam management framework.
In LTE the CRS used for connected mode measurement is tightly coupled with the cell ID. This is beneficial since a UE can perform the inter-cell measurement based on the detected SS (cell ID) of the target cell, without having to receive any further measurement configuration from the serving cell or having to receive SI from the target cell. This keeps down measurement configuration signaling in the serving cell, as well as reduces the need for excessive inter-gNB communication of measurement configurations. Therefore, CSI-RS configuration based on cell ID should be the default. This includes the CSI-RS signal sequence, in which the cell ID should be embedded. However, in order not to restrict deployment flexibility, configurable CSI-RS could also be considered. For instance, a CSI-RS configuration overriding or complementing the default configuration could be obtained by RRC signaling from the serving cell, from SI in the target cell or by blind detection. For example, such a configuration could override the default number of CSI-RS antenna ports or increase the default CSI-RS periodicity. It is important to note that the CSI-RS discussed above refers to CSI-RS for L3 RRM measurement and not to CSI-RS for beam management. However, as discussed below, they may partly overlap by implementation.
Proposal 4: A default CSI-RS configuration for L3 RRM measurement on a cell can be determined from the cell ID and the cell ID is embedded in the CSI-RS signal sequence. However, a UE may optionally obtain a CSI-RS configuration that complements the default CSI-RS configuration, e.g. from the serving cell or from the target cell SI. 
Below, the CSI-RS used for connected mode L3 mobility is called MRS (mobility RS). As discussed above, the MRS consists of CSI-RS with configuration/parameters derived from the cell ID, optionally complemented by further configuration, e.g. in SI or obtained from a serving cell.
In general, sharing of RS for multiple measurement purposes is beneficial since it reduces the overall RS overhead. Therefore, it should be possible to share RS resources between MRS and CSI-RS for beam management. In other words, it should be possible to configure CSI-RS for beam management to, at least partly, overlap with the CSI-RS whose configuration is determined from the cell ID, as also discussed in [3].
Proposal 5: Resource sharing between CSI-RS for beam management and CSI-RS for L3 RRM measurement (MRS) should be possible by implementation. 
The beam-level measurement results based on the MRS available in L1/L2 needs to be translated into a cell-level quantity, as discussed in detail in [8]. Normally, a UE can detect more than one beam but some of them cannot be used for communication due to the weak link quality. Therefore, the candidate beams to derive cell level quality should be the beams with a quality above a threshold. Furthermore, another issue related to cells with different beam granularity should be considered. For a cell with overlapping beams, several correlated beams experiencing similar gain could be selected as candidate beams. But for another cell with less overlapping beams, the number of candidate beams would be smaller than for the first cell. This may obviously be unfair for cell reselection, depending on the translation from beam to cell level quantity. Therefore, the translation from beam level measurement result to cell level is a joint optimization issue with how to select candidate beams in a cell (e.g. above a threshold) and a translation formula. A feasible solution for beam selection could be to choose candidate beams with low correlation or from different beam groups. More details on beam groups are presented in our companion contribution [4].
In TRP implementations with analog/hybrid beamforming, it is necessary to use temporal beam sweeping for MRS to cover whole or partial space domain. Therefore, MRS transmission in bursts, like SS bursts, should be considered. SS burst sets containing always-on signals are transmitted anyway, so it is suitable that MRS can be transmitted at least in SS burst sets. 
However, MRS transmission in separate MRS bursts (outside SS burst) can also be considered. The necessity of separate MRS bursts depends on factors like the SS burst set periodicity, the required MRS periodicity, the maximum number of MRS antenna ports within an SS burst set and the required number of MRS antenna ports. With analog/hybrid beamforming at the TRP, the maximum number of simultaneous beams is limited. In case the default number of simultaneous beams/antenna ports (e.g. 8) is greater than the maximum number of simultaneous beams (e.g. 1 for analog beamforming), then the TRP can either omit transmitting on some of the antenna port or transmit the same beam on multiple antenna ports. 
Proposal 6: MRS can be multiplexed at least in SS blocks. MRS transmission outside SS blocks can also be considered if needed.
4. Triggering of MRS transmission for Connected Mode L3 Mobility
One of the important requirements of NR is to minimize the always-on signals comprising NR-SS and NR-PBCH to support forward compatibility and resource efficiency. This means that it is beneficial if MRS can be transmitted on demand. In other words, as long as at least one UE needs MRS for RRM measurement, the gNB should transmit MRS. One way to solve this is to introduce an MRS request to trigger gNB MRS transmission, using a dedicated PRACH resource shared by all UEs. This could allow fine beam searching using MRS before RRC connection is established.
Proposal 7: MRS can be transmitted on–demand. An MRS request mechanism using PRACH may be needed for UEs to trigger MRS transmission.
Alternatively, the MRS transmission can be triggered by UL signal measurements, even without standard support of UL mobility. Standalone cells that do not serve any connected UE should be able to transmit only the always-on signals, which then do not include MRS. Such cells will be discoverable and measurable by connected UEs in neighbor cells. However, these signals may not be sufficient for connected mode mobility, as discussed above. Therefore, in addition to the UE triggering of MRS, it would be useful for a serving gNB to be able to request a candidate cell to turn on the MRS, for example as part of handover preparation, in order to enable higher-accuracy RRM measurements for connected mode.
Proposal 8: A serving gNB can request a candidate cell to turn on MRS, for example as part of handover preparation.
The transmission of only always-on IDLE RS in some cells and additional transmission of MRS in other cells is illustrated in Figure 2, in which there is a single connected UE in a cell. The two closest candidate cells have turned on transmission of MRS for L3 mobility. The other cells (dashed) only transmit the always-on signals, which enable support for idle mode UEs. It also makes the cells discoverable and measureable for the connected mode UE. 
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5. Conclusions
The following was proposed above: 
Proposal 1: Idle mode NR cells are used also as cells in connected mode L3 mobility.
Proposal 2: L1/L2 mobility between TRPs serving different cells (for L3 mobility and idle) is supported, at least when the cells/TRPs share the same MAC entity.
Proposal 3: NR supports connected mode L3 mobility based on RRM measurements on CSI-RS (e.g. a first-level CSI-RS) defined in the L1/L2 beam management framework.
Proposal 4: A default CSI-RS configuration for L3 RRM measurement on a cell can be determined from the cell ID and the cell ID is embedded in the CSI-RS signal sequence. However, a UE may optionally obtain a CSI-RS configuration that complements the default CSI-RS configuration, e.g. from the serving cell or from the target cell SI. 
Proposal 5: Resource sharing between CSI-RS for beam management and CSI-RS for L3 RRM measurement (MRS) should be possible by implementation. 
Proposal 6: MRS can be multiplexed at least in SS blocks. MRS transmission outside SS blocks can also be considered if needed.
Proposal 7: MRS can be transmitted on–demand. An MRS request mechanism using PRACH may be needed for UEs to trigger MRS transmission.
Proposal 8: A serving gNB can request a candidate cell to turn on MRS, for example as part of handover preparation.
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