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1 Introduction
This contribution discusses the following remaining issues on mobility:
· Remaining details on RSRQ/RS-SINR – IMR and RMR related aspects
· SS block based mobility –inter-frequency and intra-frequency measurement related procedures
· CSI-RS based mobility – configuration details
2 Remaining Details on RSRQ/RS-SINR
In RAN1#90, the following agreements were made. Based on the agreements, RSRQ and RS-SINR are introduced in NR. This section addresses the highlighted FFS from the RAN1#90 agreements. 
	Agreements:
· In NR RRM measurement for L3 mobility, 
· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode
· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· SS block based RSRQ/RS-SINR are at least based on SS/PBCH-RSRP, and CSI-RS based RSRQ/RS-SINR are at least based on CSI-RSRP
· FFS: how to define RSRQ and RS-SINR, e.g.,
· Which time/frequency resource(s) are used for RSSI/interference measurement
· Whether/how to indicate the resource(s) for RSSI/interference measurement
· How to treat UE RX beam for RSRQ/RS-SINR measurement
· RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz



2.1 RSRQ 
In the legacy LTE, RSRQ is defined as a ratio of RSRP to RSSI. RSSI corresponds to the total power measured on a set of REs, which will include all the signal components, including the serving cell’s signals, interference, and noise. The quantity RSSI corresponds to the loading of the frequency carrier. The larger RSSI, the frequency carrier is loaded more heavily. In particular, there are cases where RSRP values are similar between two different frequency carriers when the frequency distance is small, but RSSI values are different owing to different loading conditions. In such a case, it could be said that the larger RSRQ, the frequency carrier is loaded less. Hence, when RSRQ is reported, the network can trigger inter-frequency handover for some UEs in order to balance the load among frequency carriers. For the RSSI measurement, either CRS OFDM symbols or a designated set of OFDM symbols were used; it seems that these resources can represent the load condition of the frequency well. 
For NR, RSRQ is decided to be introduced according to RAN1#90 agreements, based on a similar motivation as legacy LTE, for UE to provide the network necessary information for the inter-frequency handover. According to the NR decisions, RSRP can be measured using either SS block or CSI-RS, but more discussion needs to take place regarding the resources to be used for the RSSI measurement. In addition, for over6GHz when Rx beamforming is applied at the UE, care should be taken to define the RSRQ, as the RSRQ values will differ depending on whether the same Rx beam or different Rx beams are used for the RSRP and RSSI measurement. Extending the definition of the RSRQ for the multi-beam case, it seems reasonable to measure both RSRP and RSSI using the same Rx beam, so that the network can understand the frequency loading seen by the UE when a specific beam used for deriving the RSRP is used as a serving beam. To facilitate this, UE shall assume that an SS block and a corresponding RSSI measurement resource (RMR) is QCL’ed in spatial parameters. 
According to the discussions during RAN1#90, RAN1 common understanding to provide cell specific RSRQ seems to be to first define beam-specific RSRQ, and cell-specific RSRQ is correspondingly defined, similarly to beam-specific vs. cell-specific RSRP defined in NR. In order to fulfil this, RMR also needs to be provided beam-specifically so that the UE shall apply the same Rx beam on the RMR as the one used on the RSRP measurement resource. In other words, for each RSRP measurement resource (i.e., a CSI-RS resource or an SS block), an RMR needs to be associated. 
To allow UE to measure both RSRQ and RSRP in the same time duration so that UE can save power for measurements, it is preferred to configure the RMR in the SMTC measurement window. Based on these principles, two alternatives can be considered for allocating the RMRs corresponding to the SS blocks. In a first alternative, the beam-specific RMR locations are hard-coded in the spec, and each beam-specific RMR time location is an offset different from the SS block time location. In a second alternative, the network can flexibly configure multiple beam-specific RMR locations. Neither alternatives sound very attractive. The first alternative introduces inflexibility/restrictions in terms of the beamforming on those fragmented left-over REs in the SS-block slots, and hence not sure these resources make a good representation for the loading. The second alternative may introduce more complicated signalling and potentially the measurement duration is increased. If RSRQ is introduced with SS block RSRP measurements, it is currently FFS which alternative to take. On the other hand, it seems possible to configure RMRs for CSI-RS based RSRQ measurement more flexibly as CSI-RS is a non-always-on signal that can be flexibly mapped. For example, RMRs may correspond to the REs in those OFDM symbols for which CSI-RS are mapped; in such a case, UE may naturally use the same Rx beam to measure CSI-RSRP and RSSI, and the REs may still be able to represent the cell loading condition because the other cells may use those resources for PDSCH/PDCCH transmissions. Hence, it seems more straightforward to introduce RSRQ with CSI-RS than with SS blocks. 
Finally, to facilitate the network to compare the RSRQ values from two different frequency carriers apple-to-apple, it seems beneficial that beam-specific RSRQ values are reported for the same set of Tx beams using the same set of Rx beams at the UE side. To this end, UE may be configured to report RSRQ values of another frequency carrier for a same set of SS block indices for which the UE reports RSRP/RSRQs in the serving frequency carrier. UE may be configured with a spatial QCL assumption for the same indexed pairs of an SS block and RMR across the carrier frequencies, so that the RSRQs are used for making a decision for the inter-frequency handover for the same beam. In this case, the UE does not need to update the Rx beam to receive PDSCH/PDCCH when the UE is configured to hand-over to another carrier frequency. 
Proposal 1-1: The following should be supported in NR:
· Cell-specific RSRQ is defined as an average of the beam specific RSRQs, for which the corresponding RSRP values are above the configured threshold. 
· Beam-specific RSRQ is defined as a ratio of beam-specific RSRP (i.e., SS-RSRP or CSI-RSRP) to beam-specific RSSI. 
· UE may be configured to report cell-specific RSRQ and/or beam-specific RSRQs on N beams (SS blocks).
· When RSRQ is measured using CSI-RS, the REs on the OFDM symbol containing a CSI-RS resource is used as a RSSI measurement resource (RMR).
· When RSRQ is measured using SS blocks, one RMR is provided per SS block
· The timing relation of RMR with respect to each SS block is either pre-configured by the specification or configured by SIB. 
· All the RMRs corresponding to SS blocks to derive beam specific RSRQs should be contained within a measurement duration of the SMTC.
· The UE is configured to assume that an SS block and a corresponding RMR are QCL’ed in spatial parameters. 
· UE may be configured to measure beam-specific RSRQs of an inter-frequency cell for a same set of SS blocks that the UE has reported RSRQs in the serving carrier. In this case, the UE is configured to assume QCL relation between the pairs of SS block and RMR of the same SS block index in the two frequency carriers. 
2.2 RS-SINR
The main motivation of introducing RS-SINR was to provide a target cell’s throughput estimate to the network. During the LTE Rel-13 discussions, it was found that neither RSRP nor RSRQ was sufficient for this purpose, and RS-SINR is introduced. For NR, similar motivations may still be applicable, and it was agreed in RAN1#90 to introduce RS-SINR in NR. Similarly to the discussion in Section 2.1, it seems easier to define RS-SINR when CSI-RS is configured for RSRP measurement than when SS blocks are configured for RSRP measurement. When SS blocks are configured for RSRP measurement, it seems necessary to configure interference measurement resource (IMR) per SS block. One natural candidate for the IMR could be explicitly configured ZP CSI-RS. However, multiple ZP CSI-RS may need to be provided for multi-cell RS-SINR measurement, one ZP CSI-RS per cell, because ZP CSI-RS is cell-specific, i.e., a different ZP CSI-RS seems to be necessary for measuring interference in a target cell’s perspective. 
Proposal 1-2: For the interference measurement for RS-SINR, the following shall be supported.
· When CSI-RS is configured for channel measurement of RS-SINR, interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped
· When SS block is configured for channel measurement of RS-SINR, interference is measured on a ZP-CSI-RS, configured per SS block
3 SS block Based Mobility
The following a few issues need to be further discussed, to finalize the NR specs regarding the SS block based mobility. 
· Fixed power offset value
· SMTC configuration details
· Intra- and inter-frequency measurement details
This section addresses these issues identified above.
3.1 Fixed Power Offset Value
In RAN1#NR-AH2, the following agreement was made:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band

One candidate choice is 0 dB fixed EPRE power ratio. This is implying that the total power used for SSS could be more than 3.5 dB (=log2(288/127)) less than PBCH, as the total number of subcarriers used for SSS is 127, but that used for PBCH is 288. In our previous evaluation results on SS sequences [1], it was found that given this shorter sequence length of 127, the single-shot cell detection performance in single-cell scenarios without power boosting suffers from about 6 dB loss as compared to the case with power boosting to fully utilize the SS block BW (which corresponds to the PBCH BW). Hence, an EPRE power offset value of 3.5dB will be preferred over 0 dB, to ensure good cell ID detection performance from the SSS. 

Proposal 2-1: The EPRE power ratio shall be 3.5dB for all the carrier frequency ranges. 
3.2 SMTC Configuration Details
In RAN1#NR-AH2, the following agreements were made. 
	Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers



It seems necessary to work out a few details on top of this agreement, including:
· Issue 1) Whether one of out of the two CONNECTED-mode SMTC configurations is the same as the IDLE mode SMTC for the same carrier frequency
· Issue 2) What SSB set composition should be assumed for the SS block based mobility measurement
For Issue 1), for simplicity, it is preferred that one SMTC configuration is provided per carrier by a broadcast signalling (SIBx), which can be used for both cases of IDLE and CONNECTED. The 2nd SMTC configuration is only useful for the CONNECTED mode, and hence, it can be provided by RRC. 
For Issue 2), some networks may operate with much smaller number of SSBs than the maximally available number of SSBs in the carrier frequency. Hence, it does not seem to be necessary for UE to measure all the SS-RSRPs regardless of the network implementations; doing so may introduce unnecessary UE power consumption. To resolve this issue, an SSB set composition may be carrier-frequency specifically indicated. In particular, if the network decides to use only a subset of SSBs for over6GHz carrier frequency, the network may allow UE not to decode PBCH for mobility measurement. 
Proposal 2-2: The SMTC configuration provided for IDLE mode per carrier frequency should correspond to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 
· One SMTC is configured by SIBx, and used as IDLE mode SMTC and also as one of the two CONNECTED mode SMTCs agreed in RAN1#NR-AH2.
· The additional SMTC for the CONNECTED mode is configured by RRC.

Proposal 2-3: UE can be indicated a SSB set composition for IDLE/CONNECTED mobility measurement purpose, as a part of the SMTC configuration by SIBx. 
3.3 Intra- and Inter- Frequency Measurement Details
Similarly to legacy LTE, measurement gap can be configured for the inter-frequency measurement, and the SMTC duration can be configured for that purpose. During the measurement gap, UE does not expect to receive PDCCH/PDSCH in the serving cell. There has not been RAN1 agreements for the values of the SMTC duration, and it is proposed to finalize the candidate SMTC duration values during this meeting. The candidate SMTC duration values can be commonly applicable to both intra-cell and inter-cell mobility measurements. Determination of the candidate SMTC duration values should consider at least the following aspects.
· Minimizing UE power consumption 
· Network service interruption owing to the measurement gap 
· Full network flexibility and adaptability (synchronous vs. asynchronous operations)

Proposal 2-4: The SMTC duration values to be indicated in SMTC configuration should be determined in RAN1-NR-AH3, with considering the following aspects:
· Minimizing UE power consumption 
· Network service interruption owing to the measurement gap 
· Full network flexibility and adaptability (synchronous vs. asynchronous operations)

For intra-frequency measurement, UE has been allowed to receive PDSCH/PDCCH during the measurement duration in LTE, and the same principle is good to be maintained in NR. However, in case UE conducts Rx beam sweeping for the neighbour cell’s SSB reception, the Rx beam chosen in the SSB OFDM symbols for the mobility measurement may not be suitable for receiving PDSCH/PDCCH from the serving cell. This issue can be analysed differently for the two cases: (1) when the network synchronization is indicated; and (2) when the network synchronization is not indicated. This is related to the following RAN1#NR-AH2 agreements:
	Agreements:
· An indication related to the synchronization information is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement


In case (1) in which the network synchronization is indicated, the UE will still be able to receive PDSCH/PDCCH in the rest of OFDM symbols not being used for the SSB mapping. For this purpose, the SSB set composition indicated for the mobility measurement purpose in Proposal 2-3 should be used (not the one configured for the rate matching purpose indicated in RRC/RMSI). In case (2), in which the network synchronisation is not indicated, UE may need to try to receive neighbour cells’ SSBs in those OFDM symbols not used for the serving cell’s SSB transmissions. To allow UE’s Rx beam sweeping, it does not seem to be possible to transmit any PDSCH data during the SMTC when synchronous network is not indicated. Hence, in case (2), it is proposed for UE to treat the entire intra-frequency SMTC duration as measurement gap. 
These observations reveals that having possibility of configuring smaller SMTC duration values than the SSB set mapping duration (i.e, up to 4msec) could help to minimize the service interruption, especially for the intra-frequency measurement case. 
Proposal 2-5: The following should be supported in NR:
· If network synchronization is indicated, the scheduled PDSCH shall be rate matched around the whole BWP BW corresponding to SSB OFDM symbols in the intra-frequency SMTC durations. 
· For this purpose, the SSB set composition indicated for the mobility measurement purpose should be used (not the one configured for the rate matching purpose indicated in RRC/RMSI).
· Note: This allows UE to perform Rx beam sweeping in SSB OFDM symbols during the SMTC durations for the intra-frequency measurement. 
· If network synchronization is not indicated, UE should treat the whole intra-frequency SMTC duration as measurement gap. 
4 [bookmark: _GoBack]CSI-RS Based Mobility
According to the NR agreements so far, L3 CSI-RS is non-always-on, UE-specifically configured and requiring separate sync signals; it shares commonality with LTE discovery signals, and similar requirements/configuration properties are applicable. It should be noted that LTE discovery signals are designed to support mainly single-beam multi-TRP scenarios; hence the LTE discovery signal framework may not be able to be simply reused in NR which supports multi-beam multi-TRP scenarios. However, NR spec design can still take LTE discovery signal configuration framework as baseline, and extend it as necessary, in order to minimize the standardization efforts. 
A first step towards this direction has already been taken in RAN1#89, and the relevant points of the NR agreements in relation to the LTE discovery signal configurations and further discussion points are summarized below.

Table 1. LTE discovery signal configuration vs. NR agreements; and further discussion points
	Properties
	LTE Discovery Signals
	NR agreements 
	Further discussion points

	Signals provided for sync timing for CSI-RS
	PSS/SSS corresponding to the configured physical cell ID
	SS block(s) corresponding to the configured physical cell ID
	Multi-beam support, e.g., spatial (Rx beam) QCL between unit resource(s) of CSI-RS and SS block(s)

	RS timing configuration
	Periodic
DMTC periodicity and offset
CSI-RS offset (periodicity is the same as DMTC periodicity)
	Periodic
(SS block periodicity and offset)
CSI-RS periodicity and offset

	Relation of periodicity values of CSI-RS and SS block: same or different?
Offset configuration ref.: wrt. an associated SS block or wrt. frame boundary

	CSI-RS measurement unit resource
	One RSRP per single-port resource (no multi-port resource configurable)
	FFS
	Applicable configurations for L3 CSI-RS measurement and reporting, e.g., maximum number of antenna ports per resource and per-port QCL

	CSI-RS RE mapping configuration
	One configuration per resource
	FFS
	Improvement to minimize signalling overhead to configure RE mapping of multi-beam CSI-RS unit resources corresponding to a cell or a virtual cell

	Configurable BW
	N/A
	Yes
	Details

	Sequence generation parameters
	VCID
	FFS, with considering UE group ID, VCID, etc.
	Use cases and possible spec support

	Numerology
	N/A
	FFS
	Same vs. different (configurable) numerology for CSI-RS and SS blocks

	QCL
	N/A
	FFS
	Implicit vs. explicit configurations of spatial QCL between CSI-RS and SS blocks



In the subsection in the following, more details of entries of Table 1 are discussed. 
4.1 Association of SS blocks to the configured CSI-RS resources
In contrast to the LTE in which a cell is configured to transmit a single PSS/SSS/PBCH (i.e., a single SS block), an NR cell may be configured to transmit multiple SS blocks with applying potentially different beams for the SS blocks. In LTE DRS configuration, the configured physical cell ID and DMTC periodicity/offset configuration inform UE of an OFDM symbol level timing of single PSS/SSS to detect; and the CSI-RS sync timing is obtained from the detected single PSS/SSS. On the other hand, in NR multi-beam scenarios, the configured physical cell ID corresponds to multiple time locations (SS blocks) which potentially have different sync timing owing to the different beam radiation patterns. Hence, it can be beneficial to inform UE an SS block of a cell to acquire the sync timing of a CSI-RS unit resource (i.e., a port or a resource). In over 6GHz systems in which UE Rx beamforming may be used for combating high pathloss, an SS block can also be associated with a CSI-RS unit resource in spatial QCL parameters. When UE is configured with an SS block that is spatially QCL’ed a CSI-RS unit resource, the UE is allowed to use the same or spatially-correlated Rx beam(s) for receiving both the CSI-RS unit resource and the SS block, which minimizes/reduces UE latency and power consumption for measuring RSRP/RSRQ on the CSI-RS unit resource. 
Observation 3-1: An SS block associated with a configured CSI-RS resource can be used as (1) sync timing reference; and (2) QCL reference in spatial parameters.

One method to indicate an SS block that is associated with a CSI-RS unit resource is to individually indicate an SS block per CSI-RS unit resource. This method, however, becomes highly inefficient in terms of signalling overhead when the number of CSI-RS beams per cell is many. To see this, consider a case where 64 SS blocks are configured per cell, a composite beam comprising four (4) beams is used per SS block, and four unit CSI-RS resources are configured for the four beam. Then for each cell, total number of CSI-RS unit resources is 256. In this case, for CSI-RS measurement configuration for just 3 neighbour cells and a serving cell, up to 1024 SS block identities need to be indicated for the CSI-RS unit resources. 
Observation 3-2: Individual indication of SS block identities per CSI-RS unit resource become highly inefficient in terms of signalling overhead.

A better alternative is to indicate SS block identities in a batch per CSI-RS unit resource group, formed by a group of CSI-RS unit resources whose timing sync references are identified by a physical cell ID and whose scrambling sequences are the same. For configuring measurement of cells for which the network does not have prior knowledge, the network should be able to configure all the beams (or CSI-RS unit resources) that are associated with all the (actually transmitted) SS blocks. On the other hand, for configuring measurement of cells for which the network does have prior knowledge (e.g., based on the prior reports), the network should also be able to configure a subset of beams (or CSI-RS unit resources) that are associated with a subset of (actually transmitted) SS blocks. These two network configurations can be achieved by indicating (1) a list of SS blocks and (2) association information between the indicated SS blocks and the configured CSI-RS unit resources, for the CSI-RS configuration associated with a physical cell ID and a scrambling sequence generation. The association information (2) can be a number of CSI-RS unit resources associated per SS block. In one example, a CSI-RS resource corresponds to NP number of CSI-RS unit resources (ports); and one-to-one mapping is assumed between CSI-RS resources and indicated SS blocks. In this case, the number of CSI-RS unit resources associated per SS block is NP; and the number of indicated SS blocks and the number of configured CSI-RS resources are the same. 
Table 2 illustrates three different methods of SS block association to a CSI-RS unit resource group that have a common physical cell ID and common scrambling information. Suppose that SS block association is indicated per CSI-RS unit resource, and up to 256 unit resources can be configured per group. If an arbitrary SS block can be associated with each unit resource, the total number of bits required for the SS block association configuration can be as many as 2048 bits per group, which brings significant signalling overhead. On the contrary, if the SS block association information is provided in a batch, for the configured CSI-RS unit resources, the signalling overhead can greatly be reduced. In one alternative (batch configuration alt 1), up to 64 bit map is used for indicating on/off of SS blocks to be associated with the configured CSI-RS resources, and log2(NP) bit parameter indicates the number of unit resources per resource. In another alternative (batch configuration Alt 2), up to 64-state information is used for indicating the actually transmitted number of SS blocks, NSS, and log2(NP) bit parameter indicates the number of unit resources per resource; then the UE is configured to assume that the first NSS SS blocks are transmitted and the others are muted. In these two alternatives, NSS configured CSI-RS resources comprising NP unit resources (ports) each are associated with NSS SS blocks by one-to-one mapping.
Table 2 Configuration of SS block association to CSI-RS
	
	Configuration method
	Number of states (or bits) for the configuration

	Per Unit resource configuration
	A list of up to 256 SS block IDs
	Up to 2048 bits, i.e., 64^256 states (= 64 possible SS block IDs configured for each of 256 unit resources)

	Batch configuration Alt 1
	A 64-bit map for indicating on/off states of the up to 64 SS blocks; and a number of unit resources per SS block; NSS groups of NP unit resources are respectively associated with NSS SS blocks.
	Up to 66 bits, i.e., 4*2^64 states (= the 64-bit map; and NPmax=4 states for indicating the number of unit resources per SS block)

	Batch configuration Alt 2

	A number of SS blocks, NSS, (indicates that SS blocks 0, 1, …, NSS-1 are on and the others are off); and 4 states for the number of unit resources per SS block
	Up to 8 bits, i.e., 64*4 states (=64 possible number of SS blocks; and 4 states for the number of unit resources per SS block)



Observation 3-3: Batch indication of SS blocks to the configured CSI-RS resources can greatly reduce signalling overhead as compared to the individual indications.

Proposal 3-1: At least physical cell ID and scrambling ID are commonly applicable for all the resources configured in a CSI-RS resource group for L3 mobility. For configuring a CSI-RS resource group, adopt batch indication of SS blocks to associate with the configured CSI-RS at least for QCL association and sync timing association, e.g., according to Alt 1 or Alt 2 in Table 2.
4.2 Numerology for the configured CSI-RS resources
NR supports configurable numerology, and numerology settings for sync, data and CSI-RS are not necessarily the same. Hence, the L3 mobility CSI-RS configuration needs to take numerology aspects into account. A numerology setting includes subcarrier spacing, OFDM symbol duration, slot composition, etc., which may also affect signalling design for timing indication (i.e., especially timing offset). 
In the legacy LTE CSI-RS RE mapping was designed per PRB, and hence it may be natural to consider per-PRB CSI-RS mapping in NR as well. However, the numerology assumed for the CSI-RS needs to be jointly taken into account with that for the data. In one alternative, a “data numerology setting” is used as a reference numerology for CSI-RS, i.e., the CSI-RS RE mapping patterns are defined on the PRB grid defined with the data numerology. This approach, however, does seem to introduce various combinations to deal with, of a selected data numerology and a selected CSI-RS numerology as CSI-RS numerology can be chosen differently from the data numerology (i.e., sub-time units defined for beam management CSI-RS). For example, CSI-RS with numerology A is mapped on a PRB grid defined by data numerology B, where A and B are selected from the set of configurable numerology settings on each frequency band. Hence, a simpler alternative could be to define CSI-RS RE mappings on a PRB grid defined by CSI-RS numerology, without considering the interaction between data and CSI-RS numerology settings. As long as the signalling design is flexible enough for CSI-RS, possible conflicts of CSI-RS with control/data can be avoided by network signalling implementations. 
There are mainly two alternatives for the L3 mobility CSI-RS numerology setting: (1) configurable numerology; and (2) SS block numerology. Advantages of configurable numerology include flexibility and forward compatibility. It is furthermore noticed that the SS block numerology setting is just a special case of the set of configurable numerology settings, and hence it is proposed to adopt a configurable numerology for L3 mobility CSI-RS. The configured numerology setting is used for constructing PRB grid, and slot/frame structure (with 14 OFDM symbols per slot). 
Proposal 3-2: For L3 mobility CSI-RS, CSI-RS RE mapping patterns are constructed on a PRB grid defined by a CSI-RS numerology setting, irrespective of the configured data numerology.
· The CSI-RS numerology setting can be explicitly configured for the CSI-RS configured in a batch
· The CSI-RS numerology setting defines PRB grid and slot/frame structure with 14 OFDM symbols per slot
1. 
2. 
2.2 
4.3 CSI-RS timing and RE mapping configuration
For the periodic transmission/reception of legacy discovery signals, DMTC is defined to indicate periodicity and offset for both CSI-RS and PSS/SSS, and a small offset is additionally defined for CSI-RS timing relative to the PSS/SSS timing. The small offset value is allowed to be up to 5msec, so that the measurement duration taking into account both sync acquisition and CSI-RS measurement is short, and this short duration helps UE to save powers. 
A similar operation/configuration can be considered/defined for NR. The principles of mapping L3 mobility CSI-RS close to SS blocks in time and same periodicity for L3 mobility CSI-RS and SS blocks should be kept for UE power saving. It is noted that it could be still possible that the same physical CSI-RS is used for L3 mobility and BM, but the network provides two different configurations for L3 mobility and BM, so that BM CSI-RS is measured more frequently (i.e., with shorter periodicity configured) than for L3 mobility CSI-RS. 
Proposal 3-3: A CSI-RS measurement timing configuration (CMTC) is defined, comprising a periodicity and an offset that shall be used for determining timing of both L3 mobility CSI-RS and SS burst sets. A CMTC is configured for each CSI-RS resource group.
Regarding the timing reference of an individual CSI-RS resource, two alternatives can be considered. In a first alternative, the timing reference is a frame boundary; and in a second alternative, the timing reference is an SS block timing. 
The measurement complexity involved with the L3 mobility CSI-RS needs to be minimized, particularly when the L3 mobility CSI-RS is provided for neighbour cell measurement. If the frame boundary can be obtained without PBCH decoding, it could be ok to use the frame boundary as timing reference to the CSI-RS resources; however if PBCH decoding is required to obtain the frame boundary, using the SS block timing could be a better alternative for saving UE power. 
In addition, for configuring the CSI-RS RE mapping patterns of the CSI-RS resources in a batch, the two alternatives of timing references give different flavours. If the timing reference is frame boundary, it seems easier to configure the CSI-RS resources in consecutive OFDM symbols (i.e., localized mapping) that are orthogonal to the SS block mapping. On the other hand, if the timing reference is the individual SS block timing, signalling design to configure consecutive OFDM symbols for the multiple CSI-RS resources in a batch seems to be more challenging. In such a case, distributed mapping may be preferred. Examples of the localized and distributed mappings are illustrated in Figure 1. 
Observation 4-4: For UE power saving involved with the mobility measurement, it is preferred that UE does not need to decode PBCH for the measurement. If frame boundary information can be obtained without PBCH decoding, localized CSI-RS mapping configuration with respect to the frame boundary is feasible with a batch resource configuration. If frame boundary information can be obtained only after PBCH decoding, distributed CSI-RS mapping configuration, where each CSI-RS resource timing is defined with respect to a corresponding SS block can be a better alternative. 


(a) Localized mapping


(b) Distributed mapping
Figure 1 L3 mobility CSI-RS mapping in time domain

As shown in Figure 1, different options to define the CSI-RS resource timing offset can be considered as a simpler option for the different choices of timing reference. 
· When the frame boundary is the timing reference, the timing offset can be defined in terms of the number of slots, noffset, and the individual CSI-RS resource timing can be configured in terms of OFDM symbol offsets from the configured slot boundary. 
· When the SS block timing is the timing reference, the timing offset of an individual CSI-RS resource can be configured in terms of the number of OFDM symbols, loffset, with respect to the starting OFDM symbol number of the associated SS block. 

The CSI-RS resource timing offset values may be configured individually for all the CSI-RS resources of each CSI-RS resource group; however this approach is likely to incur a large overhead in case a large number of beams are configured. A better alternative is to configure the timing offset values in a batch for the CSI-RS resources corresponding to a CSI-RS resource group. In case of localized mapping, at least the following two approaches can be considered. In a first approach, a common noffset is configured for all the resources, and the NSS CSI-RS resources (or resource sets) are mapped in consecutive OFDM symbols in time domain, one after another. In a second approach, a common noffset is configured for all the resources, and a list of OFDM symbol offsets, loffset are configured for the NSS CSI-RS resources (or resource sets). In case of distributed mapping, a single loffset value can be configured that is commonly applicable to the all the CSI-RS resource (or resource sets). 

Proposal 3-4: Consider two CSI-RS mapping methods: (1) localized mapping; and (2) distributed mapping. 
· In case of localized mapping the timing of CSI-RS mapping is defined with respect to the frame timing, and a slot offset, noffset, is configured for a CSI-RS resource group. The individual CSI-RS resources are mapped in different OFDM symbols, whose timing is with respect to the slot boundary identified by the configured slot offset. 
· In case of distributed mapping, the timing of a CSI-RS resource timing is determined by an OFDM symbol offset, loffset, with respect to the timing of an associated SS block. 
4.4 Configuration of CSI-RS ports to be mapped to a same OFDM symbol
A single-port based measurement and reporting can be preferred for reducing UE complexity, unless there is a strong necessity to allow multi-port based measurement and reporting. The configuration of L3 mobility CSI-RS resource(s) for an OFDM symbol can be done by either (1) configuring a resource set comprising multiple 1 or 2-port resources; or (2) configuring a resource comprising multiple ports. In either case, it does not seem to be necessary to configure individual ports or resources if they are mapped to a same OFDM symbol. A simple configuration that can configure multiple resources/ports is preferred, similarly to legacy LTE’s multi-port CSI-RS resource configurations. For the CSI-RS configured for BM, all the REs on an OFDM symbol in the full CSI-RS BW can be configured to be used only for the CSI-RS mapping. In such cases, the RE mapping configuration can be made as simple as configuring number of unit resources (i.e., ports comprising a resource or resources comprising a resource set), and a CSI-RS frequency domain mapping method (i.e., IFDMA port cycling vs. full RE port cycling) if both methods are adopted for the BM. A companion contribution [1] about BM CSI-RS illustrates more details of the signaling method. 
Proposal 4-5: The CSI-RS RE mapping of ports/resources that are mapped on a same OFDM symbol can be indicated in a batch, using a similar mechanism as CSI-RS resource configuration in LTE. 
5 Conclusion
This contribution discussed the remaining issues of NR mobility, and made the following proposals.
For remaining details of RSRQ/RS-SINR, the followings were proposed:
Proposal 1-1: The following should be supported in NR:
· Cell-specific RSRQ is defined as an average of the beam specific RSRQs, for which the corresponding RSRP values are above the configured threshold. 
· Beam-specific RSRQ is defined as a ratio of beam-specific RSRP (i.e., SS-RSRP or CSI-RSRP) to beam-specific RSSI. 
· UE may be configured to report cell-specific RSRQ and/or beam-specific RSRQs on N beams (SS blocks).
· When RSRQ is measured using CSI-RS, the REs on the OFDM symbol containing a CSI-RS resource is used as a RSSI measurement resource (RMR).
· When RSRQ is measured using SS blocks, one RMR is provided per SS block
· The timing relation of RMR with respect to each SS block is either pre-configured by the specification or configured by SIB. 
· All the RMRs corresponding to SS blocks to derive beam specific RSRQs should be contained within a measurement duration of the SMTC.
· The UE is configured to assume that an SS block and a corresponding RMR are QCL’ed in spatial parameters. 
· UE may be configured to measure beam-specific RSRQs of an inter-frequency cell for a same set of SS blocks that the UE has reported RSRQs in the serving carrier. In this case, the UE is configured to assume QCL relation between the pairs of SS block and RMR of the same SS block index in the two frequency carriers. 
Proposal 1-2: For the interference measurement for RS-SINR, the following shall be supported.
· When CSI-RS is configured for channel measurement of RS-SINR, interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped
· When SS block is configured for channel measurement of RS-SINR, interference is measured on a ZP-CSI-RS, configured per SS block

For SS block based mobility, the followings were proposed:
Proposal 2-1: The EPRE power ratio shall be 3.5dB for all the carrier frequency ranges. 
Proposal 2-2: The SMTC configuration provided for IDLE mode per carrier frequency should correspond to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 
· One SMTC is configured by SIBx, and used as IDLE mode SMTC and also as one of the two CONNECTED mode SMTCs agreed in RAN1#NR-AH2.
· The additional SMTC for the CONNECTED mode is configured by RRC.
Proposal 2-3: UE can be indicated a SSB set composition for IDLE/CONNECTED mobility measurement purpose, as a part of the SMTC configuration by SIBx. 
Proposal 2-4: The SMTC duration values to be indicated in SMTC configuration should be determined in RAN1-NR-AH3, with considering the following aspects:
· Minimizing UE power consumption 
· Network service interruption owing to the measurement gap 
· Full network flexibility and adaptability (synchronous vs. asynchronous operations)
Proposal 2-5: The following should be supported in NR:
· If network synchronization is indicated, the scheduled PDSCH shall be rate matched around the whole BWP BW corresponding to SSB OFDM symbols in the intra-frequency SMTC durations. 
· For this purpose, the SSB set composition indicated for the mobility measurement purpose should be used (not the one configured for the rate matching purpose indicated in RRC/RMSI).
· Note: This allows UE to perform Rx beam sweeping in SSB OFDM symbols during the SMTC durations for the intra-frequency measurement. 
· If network synchronization is not indicated, UE should treat the whole intra-frequency SMTC duration as measurement gap. 

For CSI-RS based mobility, the followings were proposed:
Proposal 3-1: At least physical cell ID and scrambling ID are commonly applicable for all the resources configured in a CSI-RS resource group for L3 mobility. For configuring a CSI-RS resource group, adopt batch indication of SS blocks to associate with the configured CSI-RS at least for QCL association and sync timing association, e.g., according to Alt 1 or Alt 2 in Table 2.
Proposal 3-2: For L3 mobility CSI-RS, CSI-RS RE mapping patterns are constructed on a PRB grid defined by a CSI-RS numerology setting, irrespective of the configured data numerology.
· The CSI-RS numerology setting can be explicitly configured for the CSI-RS configured in a batch
· The CSI-RS numerology setting defines PRB grid and slot/frame structure with 14 OFDM symbols per slot
Proposal 3-3: A CSI-RS measurement timing configuration (CMTC) is defined, comprising a periodicity and an offset that shall be used for determining timing of both L3 mobility CSI-RS and SS burst sets. A CMTC is configured for each CSI-RS resource group.
Proposal 3-4: Consider two CSI-RS mapping methods: (1) localized mapping; and (2) distributed mapping. 
· In case of localized mapping the timing of CSI-RS mapping is defined with respect to the frame timing, and a slot offset, noffset, is configured for a CSI-RS resource group. The individual CSI-RS resources are mapped in different OFDM symbols, whose timing is with respect to the slot boundary identified by the configured slot offset. 
In case of distributed mapping, the timing of a CSI-RS resource timing is determined by an OFDM symbol offset, loffset, with respect to the timing of an associated SS block.
Proposal 3-5: The CSI-RS RE mapping of ports/resources that are mapped on a same OFDM symbol can be indicated in a batch, using a similar mechanism as CSI-RS resource configuration in LTE. 
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