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1 Introduction
This tdoc present Samsung’s views on the remaining issues for NR mobility.
2 Time-domain Mapping of SS-RSSI Resources
	Agreements in RAN1#90b:
· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs
· FFS details
· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.
· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED
· FFS the applicability for IDLE mode inter-frequency measurement
· FFS details



Given the complication involved with the flexible NR TDD configurations, it was argued that the default RSSI measurement resource should be configured in such a way that the resource is guaranteed to be downlink. This is indeed a network implementation choice to make sure the RSSI measurement resource to be DL. Network should be able to configure the DL region in such a way that the DL region encompasses the RSSI measurement resource, regardless of whether the resources are the default ones or configured ones. 
1 
2 
Default RSSI time-domain measurement resource
The SSB positions may always collide with neighbour cell’s SSB and hence they may not be able to represent the cell’s loading condition. Hence, it would be desired to exclude OFDM symbols with SSB from the RSSI measurement resources. 
For simplicity all the rest OFDM symbols in the slot after excluding the SSBs can be used as RSSI measurement resource. As discussed earlier, the TDD related concern can be resolved by implementation. 
Proposal 1: Default RSSI time-domain measurement resources are the rest of OFDM symbols in those slots in which SSB is detected. 
Configuration based RSSI time-domain measurement resource
For simplicity, it is proposed to use all the OFDM symbols in each slot configured by RRC as RSSI measurement resource, except for those with detected SSBs. 
Proposal 2: When RSSI time-domain resource is RRC configured, all the OFDM symbols should be used for RSSI measurement in each slot configured by RRC as RSSI measurement resource, except for those with detected SSBs
3 SMTC Details
3 
Additional SMTC window duration values
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FIGURE 1
Figure 1 shows the SSB set mapping in time domain based on the RAN1 agreements. It can be seen that the SSB mapping can be easily broken if msec level precision is adopted for the SMTC window duration. Hence, it is proposed to adopt 2, 3, 4 msec as additional candidate values for SMTC window duration, in order to maximize UE power saving when a partial SSB set is transmitted by the network. 
Proposal 3: Candidate values for SMTC window duration also includes 2, 3, 4 msec. 
SMTC window offset values
The SMTC window need to be confined within the SSB set duration (i.e., a half frame) plus small duration to cope with asynchronous network when full SSB set is used. Hence, the offset values should span 0 to 5 msec. The offset values can be indicated in terms of number of slots in the SSB numerology. For the maximal network flexibility, it is proposed to be able to configure the full precision slot-level offsets within 0 to 5 msec, as in the table below. 
Proposal 4: Candidate SMTC window offset values are as shown in Table 1.
TABLE 1
	SSB SCS (kHz)
	Candidate offset values (in slots in SSB numerology)

	15
	0 – 5

	30
	0 – 10 

	120
	0 – 40 

	240
	0 – 80 



4 Measurement with and without intra-frequency measurement gap
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 has also been discussed in RAN4 [1], and the RAN4 agreement is such that measurement gap can be introduced for intra-cell mobility as well (the RAN4 agreement can be found in the beginning of Section 2.1), for supporting inter-BWP SSB measurement and to facilitate UE’s Rx beam sweeping. 
The measurement gap configured for intra-frequency measurement has good use cases, but it seems that throughput loss could be huge especially when the configured SMTC periodicity is short. For example, if SMTC periodicity is 20msec and also measurement gap is configured for the intra-frequency measurement, UE will experience service interruption every 20 msec with 5 msec duration. Hence, it should be also allowed that the UE receives PDSCH/PDCCH during the SMTC, even though the UE is performing Rx beam sweeping. 
This issue can be analysed differently for the two cases: (1) when the network is synchronized; and (2) when the network is not synchronized. In case (1), 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), 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 would be proper for the network to configure intra-frequency measurement gap so that the UE 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. 
On the other hand, according to RAN1#90 agreements about SSB periodicity, UE may assume different periodicities for the SSB rate matching and the SSB reception (i.e., SMTC periodicity). If the periodicity configured for the rate matching is shorter than the periodicity configured for mobility, some SSB window duration is only configured for the rate matching as shown in Figure 3. In those SSB window durations not belonging to SMTC window durations, UE is not required to perform mobility measurement. Hence, the intra-frequency measurement gap, if configured, should only be applicable to SMTC window durations. 
In order to minimize service interruption and throughput loss, the network may want to operate systems without configuring the intra-frequency measurement gap. The UE assumption with and without measurement gap configuration is illustrated in FIGURE 4. The operation without intra-frequency measurement gap may be feasible if UE can perform measurement and data reception in TDM or FDM manner in the SSB window. For sub6GHz system both TDM and FDM are applicable, but for over6GHz system in which UE Rx beam sweeping is applied, only TDM seems to be a viable option. In addition, the TDM option is only applicable when the network is synchronized. If neighbour cells have different timing than the serving cell, even the TDM option is not viable, and it is likely that the network should configure intra-frequency measurement gap. 
Proposal 5: The SSB rate matching configuration in Proposal 2-5 is applicable in (1) SSB sets not belonging to the SMTC window durations. The SSB rate matching configuration may be overridden to Opt 2 in the SMTC window durations, if UE is allowed to receive PDSCH in the SMTC window durations (i.e., if intra-frequency measurement gap is not configured). 
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FIGURE 3

5 L3 Mobility CSI-RS 
	Agreements in RAN1#90b:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility 
· CSI-RS for L3 mobility is separately configured from that for BM
· No concensus to support additional periodicity values for CSI-RS for L3 mobility
· L3 mobility CSI-RS is based on the CSI-RS configuration framework for the BM 
· FFS the details, e.g., tailoring some or all the BM parameters (e.g., resource settings, resource sets, and resources; and corresponding parameters) for L3 mobility needs



According to the RAN1 discussions, the following scenarios for which L3 mobility CSI-RS is useful are identified. 
Scenario 1: To support LTE CoMP scenario-4 like deployments where a small number of wide-beam SSBs (SFN transmitted) and a larger number of narrow-beam CSI-RS are used. This case seems to be useful mainly for sub6GHz case. The design consideration should be similar to legacy LTE discovery signals. 


· Scenario 1-1: Wide-beam SSBs (for high speed) and narrow-beam CSI-RS (for low speed). CSI-RS periodicity can be different (i.e., longer) from SSB periodicity.

 
Scenario 2: Perform measurement on carriers/BWPs not used for initial access … this use case seems to be valid for both sub6GHz and over6GHz carrier frequency. 



4 
5 
Maximum number of CSI-RS resources 
The use cases, configuration overhead and UE complexity need to be jointly considered to determine the maximum number of configurable CSI-RS resources. 
For UE complexity, although RSRP measurement does not require much computation, the specification should provide an upper limit of the number of CSI-RS that can be configured per slot. In our perspective, it is preferable to configure up to 32-64 resources per slot. 
For sub6GHz deployments, up to 96 CSI-RS resources (for discovery RS) can be configured to support the small cell use cases in the legacy LTE. In NR, it would be good to support at least this number for sub6GHz. Considering the multi-beam support for sub6GHz, it is proposed to support 2x or 4x of the number supported in the legacy LTE. 
For over6GHz deployments, the maximum number of SSBs is determined to be 64 per cell, and hence at least 64 resources per cell need to be supported, at least for scenario 2. When the SSB beams are constructed with composite beams, the CSI-RS beams can be constructed in narrow beams, i.e., either 2x or 4x of the number supported for SSBs. Hence, it is proposed to support 128 or 256 CSI-RS resources per cell for over6GHz. 
To be able to support CSI-RS configuration for at least three neighbour cells and serving cells, it is proposed to support total of up to 512 or 1024 CSI-RS resources across all the cells. Given this total number budget, the network should be allowed to be able to distribute CSI-RS resources across cells and slots, under the UE-complexity constraint of up to 64 resources per slot. 
Proposal 6: Up to 1024 CSI-RS resources in total can be configured. 
· For each slot, the maximum number of CSI-RS resources that can be configured is up to 64. 
Configuration framework
According to the legacy LTE DRS specifications, up to 96 CSI-RS resources can be configured. When the full 96 CSI-RS resources are configured, the required number of RRC bits for CSI-RS resource configuration are about 30x96 ~ 2800 bits, which is quite large but the number may still be feasible to be configured. 
In NR, in which also supports narrow beams as well as multiple TRPs, the number of CSI-RS resources that need to be configured can be much more than LTE. For example, for over6GHz, if the NW implements 64 SSBs per cell, at least that many number of CSI-RS resources per cell should be able to be configured. To configure three neighbour cell’s CSI-RS along with the serving cell’s CSI-RS, the number of CSI-RS resources that can be configured for a UE can be already 256. The practical number of CSI-RS resources can be even more, if SSBs are transmitted in composite beams and CSI-RS are transmitted in narrow beams. To understand the consequence of configuring large number of CSI-RS resources without any information compression, a simple analysis is conducted for the number of bits to configure the CSI-RS parameters for the over6GHz case:
· Periodicity and offset … 11 bits
· Numerology … 2 bits
· PCID … 10 bits
· Scrambling ID … 10 bits
· Measurement BW … [4] bits
· Density … 2 bits
· RE mapping configuration … 7 bits
· QCL’ed SSB … 8 bits
Based on the above analysis, the total number of bits to configure one resource is [54] bits. Assuming that all the configuration parameters are configured per resource, and hence to configure 256 and 1024 CSI-RS resources, the total number of bits become ~14,000 and ~55,000 bits. Configuring all the parameters per resource is clearly infeasible, and this gives strong motivation to structure the CSI-RS resource configuration parameters. 
Observation 1: Configuring all the CSI-RS parameters in the resource level results in huge configuration overhead, about ~55,000 bits to configure 1024 CSI-RS resources.
The structuring of CSI-RS resource configuration parameters may be done utilizing the RAN1#90b agreements copied below, i.e., using the BM configuration framework comprising three levels. 
Agreements:
· L3 mobility CSI-RS is based on the CSI-RS configuration framework for the BM 
· FFS the details, e.g., tailoring some or all the BM parameters (e.g., resource settings, resource sets, and resources; and corresponding parameters) for L3 mobility needs
The BM CSI-RS is configured for the serving cell only, and hence blind reusing the BM framework for the mobility purpose is not possible. For the mobility measurement, UE should be able to derive both cell-level and beam-level measurement quantities. Hence, it seems natural to adopt cell-level configuration as the highest level for L3 mobility CSI-RS. This is indeed similar to the legacy DRS configuration structure, where the cell level parameters, e.g., DMTC, are located in MeasDS-Config. 
To begin with, it is proposed to first identify those parameters that can be configured per cell. Our proposal is summarized below.
Proposal 7: The highest level to configure NR mobility RS parameters is a cell. 
· At least the following L3 mobility CSI-RS parameters are configured per cell:
· Physical cell ID … 10 bits
· Numerology (i.e., SCS) … 2 bits
· Measurement & transmission BW… [4] bits
· RE mapping density (REs per RB per port) … 2 bits
This proposal allows to greatly save the resource configuration overhead, although there is some network implementation flexibility loss. Based on the proposal 1024*(10+2+4+2) = 18,432 bit payload becomes 4*(10+2+4+2) = 72 bits to configure 1024 resources corresponding to 4 cells. However, even with this proposal, the total payload is still ~37,000 bits. Hence additional signalling compression is necessary. 
Scrambling ID
Similarly to the legacy LTE, CSI-RS frequency reuse within a cell can be achieved by applying different scrambling IDs to different areas. Again, configuration of scrambling ID per resource is too costly and the additional flexibility gain is not much. Hence, it is proposed to configure the scrambling ID one level under than the cell, i.e., resource setting level. In other words, a resource setting may correspond to a “virtual cell,” and virtual-cell specific parameters need to be configured per resource setting. 
CSI-RS measurement timing configurations
If fully flexible CSI-RS resource configuration and mapping need be supported without any restriction, the CSI-RS timing configuration should be done per resource. However, it is expected that this will incur huge overhead. A simple analysis is conducted to understand the impact of fully configuration timing configurations. There are four periodicity values agreed, which are 5, 10, 20 and 40 msec. If slot based offset is signalled, the worst case signalling overhead to be able to indicate a slot in 5, 10, 20 and 40 msec duration with 240kHz SCS is (640 + 320 + 160 + 80) = 1200 states (11 bits) per resource. To configure 1024 resources, the fully flexible CSI-RS timing configuration will require 11,264 bits. 
For mobility CSI-RS to be able to be used for neighbour cell measurement in case serving cell’s time/frequency sync cannot be used, UE needs to first acquire sync from neighbour cell’s PSS/SSS. In such a case, the time difference between CSI-RS and SSS should not be long, and this possibly motivates reduction of the mobility CSI-RS resource mapping window size. The reduction of resource mapping window size can also help to reduce the configuration overhead. For example, if the CSI-RS mapping window size is limited to be within 5 msec, then the slot offset may be configured by two numbers: (1) a first offset with respect to a frame/half-frame boundary, which is configured per cell; and (2) a second offset with respect to the first offset, which may be configured lower level than the cell-level. For the first offset, fully flexible offset configuration may be necessary, in which case 11 bits will be used per cell. The second offset only need to be able to indicate up to 80 states (corresponding to number of slots in 5msec with 240kHz SCS). The periodicity can also be configured per cell. Hence, if the signaling is conducted this way, to configure timing for 4 cells and 256 resources per cell, the payload now becomes 4*(11+2) + 7*1024 = 7,220 bits, which has saved ~4,000 bits than the baseline. 
To further reduce the configuration overhead of CSI-RS timing, a bitmap to indicate time slots within the CSI-RS measurement window can be considered instead. The bitmap size will be up to 80 bits, and the bit positions with ‘1’ will correspond to the slots with CSI-RS. Based on this proposal, the configuration payload becomes 4*(11+2+80) = 372 bits per cell only. 
In order to allow for frequency reuse within a cell using virtual cells, the “cell-specific” offset parameters above can be replaced with “virtual cell” specific parameters. Hence, it is proposed to configure those offset parameters per resource setting. 
In summary, the following CSI-RS timing configuration in the proposal below can significantly save configuration overhead, with restricting the CSI-RS measurement window within 5 msec. 
Proposal 8: CSI-RS timing is configured according to the following method:
· Periodicity is configured per cell … 2 bits to configure {5, 10, 20, 40}
· A first offset is configured per resource setting … up to 11 bits (for 240kHz case) to be able to indicate full set of slot offset values
· A bitmap representing the timing offset from the first offset to the CSI-RS time slot is configured per resource setting, whose bit size is 80, 40, 20, 10 and 5 respectively for SCS of 240, 120, 60, 30 and 15kHz 



FIGURE 4
In the legacy LTE, CSI-RS slot offset was provided with respect to the frame timing. In NR, the frame timing may not be a good reference for the slot offset, especially when the half frame boundary can be obtained only after the PBCH decoding. From 3 to 6GHz, although full SSB index is available via PBCH DMRS, upon detecting the PBCH DMRS sequence, UE can only acquire the half frame timing. Hence, in order to allow for UE not to be required to decode PBCH for acquiring CSI-RS timing for mobility measurement, it is proposed to make the CSI-RS timing offset reference to be the half frame starting boundary for which associated SSB is detected. In addition, to resolve the issues arising not knowing the SFN of neighbour cells which transmit CSI-RS when periodicity is >5msec, it is further proposed that the UE may assume that the cells are half-frame level aligned if the CSI-RS periodicity is > 5msc. 
Proposal 9: CSI-RS timing offset reference should be the half frame starting boundary for which associated SSB is detected. 
· If CSI-RS periodicity is 10, 20 and 40msec, UE may assume that the cells are aligned in half-frame level. 
RE mapping
Based on the agreements so far, 1-port CSI-RS resource with density 1 can be configured in an OFDM symbol selected from a set of candidate OFDM symbols in a slot and any subcarrier in a PRB. Hence, the total number of states will be as large as 14 OFDM symbols x 12 subcarriers = 168, which corresponds to 8 bits. If the resource mapping is configured per resource, and 1024 resources need to be configured, then the total number bits for RE mapping configuration becomes 8192 bits. 
One alternative to reduce the configuration overhead is to configure the RE mapping per slot, by two bitmaps, a first bitmap to indicate OFDM symbols containing the CSI-RS resources, and a second bitmap to indicate the subcarriers. In the current version of 38.211, a similar frequency domain bitmap is already captured and hence this may not result in much specification efforts. 
TABLE 4 illustrates an example of outer-product bitmap, when D = 3, constructed with time-domain bitmap of 10010001000011, and frequency domain bitmap of 111. According to the bitmap, CSI-RS resources are configured on OFDM symbols 0, 3, 7, 12, 13 and on each OFDM symbol, three resources constructed with subcarrier offsets 0, 1, 2 are configured. The total number of configured resources according to the bitmap is 15, and the resources can be indexed frequency first (or time first). 
TABLE 4
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1

	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1

	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1



For example, to configure 256 CSI-RS resources per cell, which are FDM’ed with the L=64 SSBs, the resulting overhead becomes 32 slots x (12 + 14) = 832 bits. Hence, to configure 1024 CSI-RS resources across 4 cells, the overhead is 3328 bits, which is less than half of the bits required for the per-resource indication. 
The per-slot configuration can be done under one level than resource setting, i.e., in terms of resource set configuration. 
Proposal 10: RE mapping configuration is provided per resource set, which can configure a number of CSI-RS resources within a slot, corresponding to a cell. 
· The RE mapping configuration is provided in terms of two bitmaps, where a first bitmap indicates OFDM symbols ([14] bits) and a second bitmap indicates subcarrier offsets (12/D bits). 
· The outer product of the two bitmaps indicate the configured CSI-RS resources in the slot. 
· The positions of ‘1’ correspond to the configured CSI-RS resources. 
Associated SSB index 
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 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 resource in spatial QCL parameters. When UE is configured with an SS block that is spatially QCL’ed a CSI-RS resource, the UE is allowed to use the same or spatially-correlated Rx beam(s) for receiving both the CSI-RS resource and the SS block, which minimizes/reduces UE latency and power consumption for measuring RSRP/RSRQ on the CSI-RS resource. 
Proposal 11: UE shall be allowed to use an SS block associated with a configured CSI-RS resource as (1) sync timing reference; and (2) QCL reference in spatial parameters.
If the QCL reference is provided per resource, the worst-case maximum configuration overhead becomes 6x1024 = 6144 when one out of the L = 64 SSBs need to be indicated per resource. 
With taking a restriction that multiple CSI-RS resources that are configured in the same OFDM symbol in a resource set are QCL’ed with a single SSB, the number of bits required for QCL indication can be reduced to ½ or ¼ th of the baseline, depending on the number of CSI-RS resources configured per OFDM symbol. Hence, it is proposed to configure associated SSB indices per resource set, with indicating one SSB index per OFDM symbol. 
Proposal 12: The N QCL’ed SSBs for the N OFDM symbols with CSI-RS configured by the RE mapping of the resource set, are indicated by N SSB indices configured for the same resource set, according to one-to-one mapping. 
Measurement & Transmission BW
For CSI-RS for CSI/BM, the following parameters are agreed in [90b-NR-19]. 
	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	FFS

	[CC/BWP-Info]
	[Indication of which CC/BWP the configured CSI-RS is located in, configured per e.g., CSI-RS resource set]
	FFS



For mobility CSI-RS, necessity of partial band configuration is not clear. Hence, it is proposed to adopt only wide band configuration (i.e., full CC or BWP) unless there is a strong motivation to support the partial band. The 2nd parameter, i.e., CC/BWP-info, is necessary for inter-frequency measurement and inter-BWP CSI-RS measurement, e.g., scenario 2. On the other hand, the necessity of CSI-RS transmission BW is not clearly understood yet. Hence it is proposed to adopt the 2nd parameter; and discuss further necessity of CSI-RS transmission BW configuration. 
Proposal 13: CSI-RS measurement BW size is fixed to be the full band (i.e., full CC or BWP), and CC/BWP info is signalled to let UE know the measurement BW position. 
Proposal 14: Discuss further if CSI-RS transmission BW is necessary.
Number of ports
For CSI-RS for CSI/BM, the following parameter is agreed in [90b-NR-19]. 
	NrofPorts
	Number of ports
	1,2,4,8,12,16,24,32



For the number of ports for L3 mobility CSI-RS, the agreements from RAN1#90b is available
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility.
It is not clear of the use cases and benefits to additionally support of two-port CSI-RS resources. Hence, it is proposed not to support two-port CSI-RS resources for L3 mobility CSI-RS, and remove the number of ports parameters. 
Proposal 15: Only single-port CSI-RS resources are configured as L3 mobility CSI-RS. The parameter of number of ports is removed from the set of L3 mobility configuration parameters. 
Overall CSI-RS configuration for mobility
Based on the discussions in this section, the following configuration structure is proposed for L3 mobility CSI-RS:
Proposal 16:
Parameters that are configured per cell:
· Physical cell ID … 10 bits
· Numerology (i.e., SCS) … 2 bits
· Measurement & transmission BW… [4] bits
· RE mapping density (REs per RB per port) … 2 bits
· Periodicity … 2 bits to configure {5, 10, 20, 40}
· RE mapping density … [2] bit
· A list of resource settings
Parameters that are configured per resource setting (for a virtual cell)
· Sequence generation (Scrambling ID) … 10 bits
· A first timing offset … up to 11 bits (to indicate the starting boundary of the CSI-RS mapping)
· A bitmap of second timing offset … up to 80 bits (to indicate the slots with CSI-RS, from the starting boundary)
· A list of resource sets
Parameters that are configured per resource set (for a slot)
· RE mapping … time/frequency bitmap (14 + 12/D) bits
· QCL’ed SSB info … a list of SSBs for all the OFDM symbols with CSI-RS
Parameters that are configured per resource
· None

6 Conclusion 
[bookmark: _GoBack]The proposals and observations made in this contribution are summarized below. 
Proposal 1: Default RSSI time-domain measurement resources are the rest of OFDM symbols in those slots in which SSB is detected. 
Proposal 2: When RSSI time-domain resource is RRC configured, all the OFDM symbols should be used for RSSI measurement in each slot configured by RRC as RSSI measurement resource, except for those with detected SSBs
Proposal 3: Candidate values for SMTC window duration also includes 2, 3, 4 msec. 
Proposal 4: Candidate SMTC window offset values are as shown in Table 1.
Proposal 5: The SSB rate matching configuration in Proposal 2-5 is applicable in (1) SSB sets not belonging to the SMTC window durations. The SSB rate matching configuration may be overridden to Opt 2 in the SMTC window durations, if UE is allowed to receive PDSCH in the SMTC window durations (i.e., if intra-frequency measurement gap is not configured). 
Proposal 6: Up to 1024 CSI-RS resources in total can be configured. 
· For each slot, the maximum number of CSI-RS resources that can be configured is up to 64. 
Observation 1: Configuring all the CSI-RS parameters in the resource level results in huge configuration overhead, about ~55,000 bits to configure 1024 CSI-RS resources.
Proposal 7: The highest level to configure NR mobility RS parameters is a cell. 
· At least the following L3 mobility CSI-RS parameters are configured per cell:
· Physical cell ID … 10 bits
· Numerology (i.e., SCS) … 2 bits
· Measurement & transmission BW… [4] bits
· RE mapping density (REs per RB per port) … 2 bits
Proposal 8: CSI-RS timing is configured according to the following method:
· Periodicity is configured per cell … 2 bits to configure {5, 10, 20, 40}
· A first offset is configured per resource setting … up to 11 bits (for 240kHz case) to be able to indicate full set of slot offset values
· A bitmap representing the timing offset from the first offset to the CSI-RS time slot is configured per resource setting, whose bit size is 80, 40, 20, 10 and 5 respectively for SCS of 240, 120, 60, 30 and 15kHz 
Proposal 9: CSI-RS timing offset reference should be the half frame starting boundary for which associated SSB is detected. 
· If CSI-RS periodicity is 10, 20 and 40msec, UE may assume that the cells are aligned in half-frame level. 
Proposal 10: RE mapping configuration is provided per resource set, which can configure a number of CSI-RS resources within a slot, corresponding to a cell. 
· The RE mapping configuration is provided in terms of two bitmaps, where a first bitmap indicates OFDM symbols ([14] bits) and a second bitmap indicates subcarrier offsets (12/D bits). 
· The outer product of the two bitmaps indicate the configured CSI-RS resources in the slot. 
· The positions of ‘1’ correspond to the configured CSI-RS resources. 
Proposal 11: UE shall be allowed to use an SS block associated with a configured CSI-RS resource as (1) sync timing reference; and (2) QCL reference in spatial parameters.
Proposal 12: The N QCL’ed SSBs for the N OFDM symbols with CSI-RS configured by the RE mapping of the resource set, are indicated by N SSB indices configured for the same resource set, according to one-to-one mapping. 
Proposal 13: CSI-RS measurement BW size is fixed to be the full band (i.e., full CC or BWP), and CC/BWP info is signalled to let UE know the measurement BW position. 
Proposal 14: Discuss further if CSI-RS transmission BW is necessary.
Proposal 15: Only single-port CSI-RS resources are configured as L3 mobility CSI-RS. The parameter of number of ports is removed from the set of L3 mobility configuration parameters. 
Proposal 16:
Parameters that are configured per cell:
· Physical cell ID … 10 bits
· Numerology (i.e., SCS) … 2 bits
· Measurement & transmission BW… [4] bits
· RE mapping density (REs per RB per port) … 2 bits
· Periodicity … 2 bits to configure {5, 10, 20, 40}
· RE mapping density … [2] bit
· A list of resource settings
Parameters that are configured per resource setting (for a virtual cell)
· Sequence generation (Scrambling ID) … 10 bits
· A first timing offset … up to 11 bits (to indicate the starting boundary of the CSI-RS mapping)
· A bitmap of second timing offset … up to 80 bits (to indicate the slots with CSI-RS, from the starting boundary)
· A list of resource sets
Parameters that are configured per resource set (for a slot)
· RE mapping … time/frequency bitmap (14 + 12/D) bits
· QCL’ed SSB info … a list of SSBs for all the OFDM symbols with CSI-RS
Parameters that are configured per resource
· None
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