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1	Introduction
In this contribution we discuss the aspects related to the mobility measurements, mainly to RSSI for SS-RSRQ and -SINR measurment quantity related aspects, L3 mobility CSI-RS configuration related issues and, assumptions for C-DRX operation, This contribution is a revision of R1-1718616 and update of R1-1720884. Chapter 2.1 is updated with RSSI simulation results.
2	RSRQ and SINR for Mobility Measurements 

2.1 Time Domain Resources for SS Block RSSI Measurements
The possible SS block time location patterns for different subcarrier spacings were agreed in RAN1 NR AH#2. Furhtermore in RAN1 NR AH#3 it was also agreed that UE would be made aware of the locations of the used SS block locations via RMSI. 
Also in RAN1#90bis following agreements related to RSSI SS block:
Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

Agreements:
· 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

In context of mobility, RSRQ has been considered to be used to obtain some understanding of the loading situation of the frequency layer (i.e. RSSI) and also to give some indication of the quality of the quality of the radio link towards a given cell. As extensively discussed in the early days of LTE, obtaining a meaningful measure of the load or interference levels can be challenging.
In introduction of NR same type of traffic characteristics, and similar time and frequency selective packet scheduling as in LTE are expected to be still used. In addition, the use of spatial filtering, i.e. beam forming, can be expected to be used more prominently, especially for higher frequency bands. Hence when measurement quantities are considered for NR, it should be carefully considered the definition of the measure to ensure that it can deliver meaning for information regarding the quantity that is attempted to be estimated. When considering a measurement quantity like RSRQ it is evident that the definition how the interference part i.e. RSSI, is measured determines the usability of the quantity.
Considering potential approaches for SS Block RSSI measurement, the symbol level illustrations of a slot with PDCCH symbols and SS block transmission locations is illustrated in the Figure 1. As one option for RSSI measurement, the SS block locations could be used either multiple SS block locations could be used in combination. As discussed it would not be preferable to carry out RSSI measurements from such SSB locations where SSB is sent. The determined SS block mapping patters leave few symbols unused in the beginning of the slot. Up to 3 symbols of these can reserved for PDCCH which could be a good option for RSSI measurement as ti could be considered to reflect the loading conditions in the cell(s). Hence one good option for default behavior of the UE would be to perform the RSSI measurement from the first symbols of the slot. 
[image: ]
[bookmark: _Ref498694410]Figure 1. illustration of a 1ms slot with SS block locations in symbol level (with 15KHz SCS).

Further considering the above discussed approaches, of using SS block vs. PDCCH symbols, using the SS Block symbols used for RSRP to measure RSSI might not reflect the load situation very accurately due to the bias introduced by the SSB transmission, which is further empahsised in synchronous networks where also neighbouring cells could transmit SSBs also. Thus it could be considered that in this case, the RSSI measurements based on PDCCH symbol would potentially reflect the load situation better. In case where there are unused SS block locations in a slot, UE could measure more than PDCCH symbols on that slot. This would require that UE has information whether the given location is occupied (by SSB) or not.
To investigate the potential use of PDCCH symbols and SS Block symbols for SS Block RSSI meausurements we performed link level evaluations in two scenarios with 3 cell layout (1 target, 2 interfering neighbours) with different loads. The load between 0-100% with 20% steps, and was modelled as probability that there is a transmission on the symbols from which the RSSI is measured on the given slot. The interfering cells were set to be 6dB lower compared to the target cells when antenna gain was not accounted. In scenario 1 the target cell runs at 100% load so that there is always transmission from the target cell when RSSI is measured, while the transmission from interfering cells is varied according to the probability. In scenario 2 the same probability of transmission was applied for all cells. Each interfering cell had four beams, and the beam used was selected randomly. More simulation parameters are listed in Annex. The intent of the scenario 1 was to model situation where RSSI is measured on the symbols overlapping with SS block, while scenario 2 was set to correspond more to scenario where the RSSI would be measured for PDCCH symbols. Neigbouring cells were in both scenarios having transmission activity based on the probability. 
Results for scenarios 1 and 2 are presented in the Figure 2 and Figure 3 respectively. From the Figure 2 we can observe that target cell transmission load dominates, and the load variation from interfering cells has limited impact to the observed RSSI. 
[bookmark: _Ref499190006]Observation 1: Measuring RSSI SS block symbols on occupied SS block locations does not reflect the load situation properly.
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[bookmark: _Ref499109091][bookmark: _Ref499107849]Figure 2. Simulation results for Scenario 1.
In scenario 2, the load of each cell (including target) is varied. From the Figure 3 it can be seen that the load variation is better reflected on the distribution of the RSSI measurement. 
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[bookmark: _Ref499109093][bookmark: _Ref499107851]Figure 3. Simulation results for Scenario 2.

Thus, based on the above discussion and presented simulation results it would be benficial to at least to avoid measuring the symbols that are occupied by SS block signals. To achieve this UE could utilize the provided information on the used SS block locations together with the provided SMTC window and configured slots for RSSI measurement (Figure 4) 
[image: ]
[bookmark: _Ref498687527][bookmark: _Ref498687491]Figure 4. illustration of determining the measurement resources for RSSI measurement.

In RAN1#90bis meeting it was agreed to introduce a bitmap which would inform the UE on the actually used SSB locations for measurement purposes. This bitmap should reflect the expected occupied SSB locations in the slots on the frequency layer. In earlier meetings bitmap has been already agreed to be introduced for rate matching purposes. Hence one option that could be considered to utilize at least this information for Connected state RSSI measurements if available.
Since the occupied SS Block locations can vary due to different network deployments (or due to RSSI time domain measurement configuration or SMTC window placement) there would be need to potentially evaluate the usable time domain resources for RSSI measurement on slot basis. Depending whether the SS block locations in a slot (2 possible locations) are occupied by SS block transmission can be used for determining e.g. if UE could measure all the symbols of the slot or a half-slot or just PDCCH symbols. 
UE could determine the time domain measurement resources e.g. so that in case no SS blocks are transmitted in a slot, it measures all the symbols of the slot. On the otherhand if the SS Block locations are not occupied, the slot may be used for UL direction, and it may be better to measure the RSSI only on PDCCH symbols. If both SS block locations are used in a slot, UE could simply measure the RSSI on PDCCH symbols, or in the locations not occupied by SS block signals. If only one SS block location is occupied (either in the first or second half-slot, UE could use the symbols of half-slot which is free from SS block signals for RSSI measurement.
[bookmark: _Ref498719535][bookmark: _Ref494719254]Proposal 1: Determine the time domain resources for SS Block RSSI measurement based on the knowledge of occupied SS Block time locations. 
In case UE has not been provided the bitmap indicating the occupied SS block locations (in SMTC window), in CONNECTED, or in general in IDLE, UE should assume that all SSB locations are occupied. From RSSI measurement point of view there could be options that UE would measure only on PDCCH symbols on each indicated slot (regardless of whether the SS blocks are actually transmitted or not). Alternatively it could measure only on slots where it detected SS blocks and apply above mentioned ways to determine the measurement resources (half-slot/PDCCH). 
In case UE would not detect any SS block transmission on given slot that falls in the SMTC window or to one of the RSSI measurement slots, it could be considered that this slot would not be measured at all or the measurement is restricted to the PDCCH symbol locations.   
[bookmark: _Ref498719537]Proposal 2: If occupied SS Block locations are not known, measure RSSI with the assumption that SS block locations are occupied or base the selection of time domain resources on the detected SS Block locations. 
Based on the simulation results we further propose the following:
[bookmark: _Ref499190080]Proposal 3: By default, for SS Block RSSI measurements, PDCCH symbol(s) are used.
[bookmark: _Ref499190090]Proposal 4: If assistance information is provided or the presence of SSBs is detected, UE may use additional symbols from the configured slots for RSSI measurement.

2.3 Frequency Resources for SS Block RSSI Measurement
In RAN1#90bis following agreement was made on the SS-RSRQ measurement, leaving some aspects for the bandwidth part for further consideration:
Agreements:
· Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.
· FFS The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.
It would be preferable if the measurement definition would be compatible to different system bandwidths as well as harmonized for IDLE and Connected mode UE’s. As UE may not be aware of the total system bandwidth and therefore may not use all the available carrier bandiwidht for the measurement. However, UE is aware of the CORESET configuration provided in the PBCH (which should define the intial DL BWP). Hence one way would be to determine the RSSI measurement bandwidth based on the the CORESET bandwidth at least for intra-frequency measurements. For inter-frequency/RAT (to NR) measurements, where UE does not neccesarily have information regarding the configured CORESET bandwidth, it might be simplest to restrict the measurement to the smallest possible RMSI CORESET bandwidth.
[bookmark: _Ref494719279]Thus we propose that:
[bookmark: _Ref498719539]Proposal 5: SS Block RSSI measurement bandwidth is the CORESET bandwidth configured by PBCH at least for the intra-frequency RSSI measurement. For inter-frequency/RAT measurements UE could use the smallest RMSI CORESET BW.

2.4. IMR for SSS and CSI-RS based RS-SINR 
On SINR measurements, following agreement was made regarding the interference measurement resource, leaving options from to choose the definition:
Agreements:
IMR for SSS based RS-SINR shall be down-selected from the following alternatives:
· Alt 1: PBCH DMRS 
· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)
· No RRC impact is expected 
Agreements:
IMR for CSI-RS based RS-SINR for RRM shall be down-selected (if any) from the following alternatives:
· Alt 1: CSI-RS REs used for the RSRP measurement 
· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 
· No RRC impact is expected

For SS Block/CSI-RS SINR the interference needs to be measured from known symbols. As it has been agreed not to have specifically scheduled/configured interference measurement resources, using the the same REs as for signal part of SINR seems like a straightforward option. Of course UE could be aware of the presence e.g. of some CSI-RS resources on the same symbol as from which the signal part is measured. However as it cannot be ensured that these are sent with same spatial assumptions, thereby affecting the interference estimation accuracy, it would be preferable to use only the configured resources. Hence it is proposed that:   
[bookmark: _Ref494722131][bookmark: _Ref498719540]Proposal 6: CSI-RS SINR, the interference is measured on the same resource element used for CSI-RS RSRP (Alt1)
[bookmark: _Ref498719542]Proposal 7: SSS based -RS SINR, the interference is measured on the same resource elements used for SS-RSRP measurement (Alt2)

2.4 UE RX spatial filtering and Measurement Reporting
In RAN1 NR AH#3 the need to ensure consistent UE behaviour in terms of RX spatial filtering for mobility measurements was discussed, with following agreements made:
Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded


In RAN1 NR AH#3 the need to ensure consistent UE behaviour in terms of RX spatial filtering for mobility measurements was discussed. Figure 5 illustrates an example scenario where UE, equipped with four RX beams uses different RX spatial filters to obtain measumrement results from two cells. The obtained results are naturally affected by the beam gain corresponding to each used RX beams. Any form of averaging the measurement results over different RX beams in an RX beam set would result in lower value that would be achievable in best case. As it is assumed, that if UE would have multiple directive antenna panels, it needs to use to all of them to obtain representative picture of the spatial propagation conditions (via RX beeam sweep). Through the the RX sweep process carried out for measurement and monitoring purposes, UE would be able to obtain measurement samples from e.g. a given SS block corresponding to different RX beam assumptions. Hence it would seem feasible to assume that UE would be able to determine the ‘best’ (in past) measurement result for a given quantity over the selected RX beam set. Natrually in (very) high speed environment or in case of device rotation with high angular velocity the measurement result based on history, would contain some uncertainty, but this is expected and unavoidable in such special scenarios.

[image: ]
[bookmark: _Ref494451092]Figure 5. Illustration of UE measurement with RX beam set.

Figure 6 illustrates that the “wide” RX beams (RX beam set 1) which could be potentially used for L3 measurements, could be re-configured for example for data reception purposes to form more refined beams (RX beam set 2). If UE would use beams from different sets to measure different cells, it could easily result significant bias in the result and therefore in consistent cell selection (e.g. reflecting case shown in Figure 5). Hence like discussed in last meeting the beams in RX beam set should have roughly the same beamforming gain to obtain comparable and meaningful results to ensure proper mobility operation. 
[bookmark: _Ref494722260]Observation 2: The beams in the RX beam set used for RRM measurements for a measurement object should have comparable beamforming gain.
[image: ]
[bookmark: _Ref494634001]Figure 6. Illustration of of more refined ’sub-beams’
[bookmark: _Ref494722134]Proposal 8: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set. 

2.5 SMTC Window Duration
In RAN1 NR AH#3 the discussions related detailed parametrisation of SS block Measurement Time Configuration (SMTC) was revisited, and following agreement was made.
Agreements:
· Candidate value(s) for SMTC window duration
· At least 1ms, 5 ms are supported
· FFS other values 

Potential candidate values for SMTC are considered in our companion contribution [4]. Based on the discussion in [4] we propose:
[bookmark: _Ref494722136][bookmark: _Ref498719545][bookmark: _Ref498348038]Proposal 9: : In minimum SMTC parameters should support 1ms, 2.5ms and 5ms measurement window sizes and offset values {-2.5, -1.25,0, 1.25, 2.5}ms.

3	CSI-RS for L3 Mobility

3.1 	CSI-RS RSRP Absolute Accuracy vs. Resource Configuration
Open issue in RAN1 is still that what densities and port configurations, and minimum bandwidth is supported for CSI-RS for L3 mobility. For beam management, the 1-port and 2-port CSI-RS configurations are supported.
For the CSI-RS densities for beam management, RAN1 sent LS to RAN4 and RAN4, in the reply to LS (R4-1711697), that it sees feasible to support density value options at least {1 2 3 4 6 12} REs/port/PRB for at least 1-port CSI-RS resource configuration. These density options could be be adopted also for L3 mobility.  
Here, we evaluate with simulations the different CSI-RS resource configurations in terms of bandwidth and frequency/time domain density of REs per PRB. Simulations are run in AWGN channel with carrier frequency of 4GHz. Both gNB and UE have omni directional antenna patterns and RX diversity is used. Obtained results in are without CSI-RS resource power boost i.e. PSD of RE’s is not changed as a function of the density. 
First, to check the achievable RSRP absolute accuracy with different number of samples in case of 1 port CSI-RS resource configruation with density D=1 (1 RE/port/PRB). Each L1 sample was one symbol and number of samples per L1 measurement was set to be {1,2,4,5,8,10}. Measurement bandwidth of 25 PRB bandwidth was used (~5MHz@15KHz). With D=1, one L1 sample would provide 25 REs for measurement.
[image: ]
[bookmark: _Ref494397985]Figure 7. RSRP Absolute accuracy with different number of samples with D=1.
Results are presented in Figure 7. From the figure we observe that 2 dB RSRP absolute accuracy (+-4,5dB with 2,5 dB RF margin, corresponding to LTE) is achievable with at least 8 samples. Considering the amount required REs to achieve the accuracy, this would translate to 8*25 = 200 resource elements.   Next, we simulated three different bandwidths with different RE densities ( D={1,2,3,4,6,12} ) per port per PRB. The density together with the number of PRBs defines the number of resource elements that can be used for estimating the RSRP and thereby the accuracy of the RSRP estimate. Similarly as in previous results, the results are without power boost and performed in AWGN channel.
The results are summarised in Figure 8. CDF’s of the accuracy error curves are presented in the Annex. Figure 8 shows the achievable RSRP absolute accuracy with single shot measurement (one L1 sample) for different densities. With 5 MHz the 2 dB RSRP accuracy can be achieved with D=12. For 10 MHz case the requirement can be fulfilled with D>3. In case of 20 MHz all cases with D>1 can achieve the accuracy requirement.
To translate these results into number REs and further number of L1 samples we can observe following: in case of 25 PRB to avoid measuring 8 samples to obtain sufficient amount of REs (roughly 200) it would be beneficial to increase the density in frequency domain. As an example for 25 PRB case:
· With D=1  8 samples are required (twelve 1-port CSI-RS resources can be supported per symbol)
· With D=2  4 samples	(six 1-port CSI-RS / symbol)
· With D=3  3 samples	(four 1-port CSI-RS / symbol)
· With D=4  2 samples	(three 1-port CSI-RS / symbol)
· With D=6  2 samples	(two 1-port CSI-RS / symbol)

Respectively as noted above, when the frequency domain density is increased the number of CSI-RS resources per symbol is limited, further depending whether the CSI-RS is 1 port or 2 port. Based on the above results and discussion it would be beneficial to support 
[bookmark: _Ref494722314][bookmark: _Ref498719674]Observation 3: Higher density in frequency domain reduces the required number of L1 samples per L1 measurement.  
[image: ]
[bookmark: _Ref492462310]Figure 8. RSRP single shot absolute accuracy with different bandwidth and densities

To improved the accuracy for low density values, one potential solution would be to use power boosting for CSI-RS resource. In Figure 9 the simulation results are shown for density D=1 (and for one port per PRB). the achievable accuracy improves due to power boosting i.e. the power of un-used RE’s is used for the occupied RE. The achievable accuracy is comparable to density D=12 whith minor difference due to non-ideal RX processing. Although the boosting results indicate clear improvement in absolute accuracy over D=1 without boosting, it would require, as noted, that all the power in the given symbol is reserved for single CSI-RS resource/port. Hence the gain from the power boosting would be reduced, if higher number of resources/ports per PRB is used and there is no other power reserve. The transmission power for single PRB is divided between the occupied REs and with more occupied REs, less additional power is allocated to REs of an individual port, hence boosting might not provide benefit in case of larger number of resources. If we want to multiplex CSI-RS resources from different TXRUs to same symbol, higher density cannot used but power boosting can be used to improve the accuracy. 
[bookmark: _Ref494722315]Observation 4: Power boosting improves the obtainable RSRP absolute accuracy. Amount of improvement depends on the number of CSI-RS resources and ports per PRB as well as used density. 
[image: ]
[bookmark: _Ref492637583]Figure 9. RSRP Absolute Accuracy in AWGN channel with D=1 with and without power boost.

Other alternative to keep the measurement bandwidth in minimum or without increasing the frequency domain density, the time domain repetition approach could be considered. Current working assumption in beam management track is as follows:
Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

Hence, if working assumption is confirmed the density of CSI-RS resource/port could be increased in time domain by repeating the symbol (symbols) N -times to provide more resource elements for UE to measure. As a downside increasing the density in time domain increases the total transmission time length per port and may be problematic when considering e.g. situation to where it would be preferable to limit the CSI-RS resource imposed overhead. However if transmission from different TRPs (all TRP’s transmit one CSI-RS resource at one symbol), the time domain repetition could be used to improve the attainable accuracy beyond the one that could be achieved by increasing FD density. 
To conclude the analysis done in this chapter, we propose to support the following mechanism for CSI-RS for L3 mobility:-
[bookmark: _Ref494722485]Proposal 10: Support power boosting for CSI-RS for L3 Mobility
Also, based on the presented results and also referring to RAN4 response to RAN1 LS on supported CSI-RS densities we propose following:-
[bookmark: _Ref494722486]Proposal 11: Support following RE per port per PRB densities (in frequency domain): {1, 2, 3, 4, 6, 12} 
Note: Valid density values are determined by the configuration of number of CSI-RS resources in PRB and ports per CSI-RS resource. Furthermore, follwoing the resource set methodology introduced for beam management it is proposed: 
[bookmark: _Ref494722487]Proposal 12: Support time domain repetition of single symbol CSI-RS resources for CSI-RS for L3 Mobility 

For the minimum bandwidth, based on the simulation results, it is felt that configuring CSI-RS measurement bandwidth less thant 5MHz (or 24 PRBs) does support sufficient amount of REs in frequency domain (even with D>>1) per CSI-RS resource per port for RSRP measurements. Hence we propose:
[bookmark: _Ref498719550]Proposal 13: Minimum bandwidth for CSI-RS for L3 mobility is 24 PRB.
Beam management track has agreed to support 1 and 2 port CSI-RS resources. Similar configuration should be adopted for L3 mobility, as it follows the beam management framework. Benefit of 2-port L3 CSI-RS resource configuration that it can be also used for CSI acquisition.
[bookmark: _Ref498719556]Proposal 14: Support 2-port CSI-RS resource configuration for L3 Mobility
The definion of CSI-RS RSRP has been discussed in past meetings, and preference has been expressed to determine the measurent quantity in case of 2-port CSI-RS resource configuration as a single joint value in a similar manner as in case of single port CSI-RS resource configuration. This would also appear to be in accordance of the RAN2 considerations on reporting mechanisms and configurations. Thus it is proposed to align the CSI-RS RSRP measurement quantity for 1-port and 2-port so that CSI-RSRP is report per CSI-RS resource.
[bookmark: _Ref498719558]Proposal 15: CSI-RSRP measurement quantity is defined per configured CSI-RS resource.


The CSI-RS resource configuration supports placement of CSI-RS to most OFDM symbols in the slot, appart e.g. to those not reserved for DMRS type A or if not used by DMRS (i.e.  if typeA-pos=3) i.e. valid symbol positions are . As it would be preferable to allow multiplexing of different CSI-RS resources for L3 mobility when D>1 is used, it is proposed to support similar time domain flexibility as for general CSI-RS framw work. 
[bookmark: _Ref498719559]Proposal 16: Support mapping L3 mobility CSI-RS to OFDM symbols {0,1,2,5,6,7,8,9,10,12,13}. 

3.2.2. CSI-RS Resource Configuration Options
For CSI-RS resource configuration for L3 mobility, following options could be considered:
· Option 1: FDM with SS block(s)
· FDM: in case the CSI-RS are multiplexed to same symbols with SS block (assuming same SCS) if sufficient bandwidth is available. The periodicity of CSI-RS would be same as SS blocks
· Option 2: TDM multiplexed with SS blocks in the SS burst set: 
· In TDM with SS blocks the CSI-RS resources can be sent using the symbols that are not used by SS blocks. Depending on the SS block pattern and assumed SCS, these could be sent either in un-used SSB locations or in unused symbol locations. 
· Option 3: In a separate CSI-RS burst
· CSI-RS are sent in an arbitrary location inside a predefined transmission window, not confined within the SS burst set

With option 1, UE would be able to measure the CSI-RS resources at a same time as SS blocks (note that same SCS is assumed). However if the desired periodicities of CSI-RS and SS block would be different (considering SS block to be sent less frequently than CSI-RS) the transmission configuration of the CSI-RS would need to be time varying (depending whether it overlaps with SS block) or the resources would need to be punctured. To avoid time varying CSI-RS configuration it would be simply beneficial to define measurements where UE punctures when CSI-RS resources that would overlap with SS block signals when CSI-RS and SS block are transmtted in the same window. 
To avoid time varying CSI-RS configuration it would be simply beneficial to define measurements where UE punctures the RE locations when CSI-RS resources overlap with SS block signals. Outside the SS Burst set window the CSI-RS would not be punctured as SS blocks are not transmitted. In this way the SS burst set period and CSI-RS configuration would be done indepently. The FDM could be realized bit in in similar manner, so that where the CSI-RS are transmitted on the same symbols as SS block, UE could puncture the REs occupied by SS block signals from the CSI-RS measurement bandwidth assuming that the CSI-RS resource is QCL’ed with the corresponding SS block. I.e. the CSI-RS resources would be configured to appear on those symbols of slot that correspond to the SS blocks.
[bookmark: _Ref494722398]Observation 5: To avoid time varying configuration of CSI-RS and allow independent configuration of CSI-RS and SS Burst Set, it would be beneficial to allow puncturing of REs occupied by SS block signals when measuring CSI-RS.
Based on the discussion we make following proposals:
[bookmark: _Ref494722588]Proposal 17: Support configuration of CSI-RS independent of SS blocks
[bookmark: _Ref494722591]Proposal 18: If CSI-RS and SS block signals occur on the same symbols, the REs occupied by SS block signals are punctured from CSI-RS measurement perspective. If the CSI-RS resource overlapps with SS block that it is not QCL’d with it should be punctured completely. If CSI-RS resource overlaps with SS block that it is QCL’ed, only RE’s overlapping with the SS block are punctured.

3.3 Sequence design for L3 mobility CSI-RS 
The sequence design and number of seeds has not yet been concluded for beam management CSI-RS. Therefore it is bit premature to try to conclude the number of seeds needed but it might be useful to considere the requirement if any from L3 mobility perspective. Hence the CSI-RS sequence design could try to account these anda support sufficient amount meeting the requirements originating also from L3 mobility. 
In context of L3 mobility, it is evident that we would be interested to be able to separate the CSI-RS sent from different cells, thus as a base line it should be assumed that at least the physical cell ID could be used in initialization of the sequence. With 1008 ID’s this would correspond approximately 10 bits. Note that the used space would not neccesarily need to be limited to actual physical cell IDs. 
[bookmark: _Ref494722705]Observation 6: Physical Cell ID could be used as an one input parameter to the sequence intialization.
In addition, to provide some interference variation/scrambling having some time varying component to the initialization could be considered as well. Now the total number of bits required for this would depend on the periodicity of the scrambling. Periodicities considered for CSI-RS configuration in context of L3 mobility were {5, 10, 20, 40, [80, 160]} ms. If the initialization would be changed at slot basis, 5ms periodicity would require ~6bits. 
[bookmark: _Ref494722707]Observation 7: Time domain varying parameter for sequence intialization could also be considered. 
Aforementioned parameters could be seen providing sequence separation between cells, while in case of multibeam system we would naturally need to consider ‘intra-cell’ separation of the CSI-RS resources. When considering the frequnency domain allocation of the CSI-RS resources, two cases can be identified. Considering as an example 1-port resource allocation, it would be possible through the frequency RE mapping to point different resources to different RE’s. The total number of resources that could be orthogonalized this way would depend on the assumed density. E.g. if D=4 is supported, three CSI-RS resources could be mapped in orthogonal manner to same PRB. If larger number of CSI-RS resources would to be mapped to same symbol (in overlapping PRBs) they would need to be separated by the sequence. Now considering that D=12 would be supported, single CSI-RS resource could be mapped to all RE’s of an PRB, and in order to transmit multiple CSI-RS resources (from same cell ID) there would need to be additional dimension to multiplexe the resources. Now as the allocations could be indentical, there would need to be some additional, configuration specific parameter to support the separation of the resources. 
[bookmark: _Ref494722712]Observation 8: Additional parameters would be needed to separate overlapping resources if sent under the same cell ID.
Additional parameter that could be used to change the e.g. the PN sequence would be the RE mapping offset, i.e. depending the start location of the RE the mapping (in side the PRB) and also the density, D. These could be used to separate overlapping alloctions with different type of mapping. If separate parameter is introduced in case of fully overlapping resource mappings, it is not clear if this is needed.
[bookmark: _Ref494722713]Observation 9: RE mapping and density could also be used as parameters for the intialization.
When considering the use of the there, similarly as in past, it would be preferable if the inialization parameters would be based in logical manner different values to allow better partitioning of the resources and removing the need to signal each value separetly.
When considering a deployment with multiple cells it would be preferable from network perspective, if it could determine the CSI-RS resource configuration somewhat independently. Hence, from this perspective proving some form of hieararchical mechanism for enabling non-orthognal resource sharing. If single pool of scrambling initialization indexes are determined so that they are be shared for example by all cells (e.g. 1008), there would be a need of coordination and configuration between cells to ensure that non-orthoginal scrambling sequences would be used. Simple mechanism to avoid this would be to consider Physical Cell ID as one input for the initialization together with additional initialization index extending the space. Size of this index would depend on the the extent how much non-orthogonal mapping (i.e. overlapping RE’s) could be supported (or would be needed). Considering the density values and related accuracies, it could be tentively considered that the extension could be [4-8] indexes (per cell ID)  
[bookmark: _Ref494727840]Proposal 19: From L3 mobility perspective the initialization of CSI-RS sequence should be based on number of Physical Cell IDs (i.e. 1008) extended with [4-8] per cell ID.


4	Mobility measurements in C-DRX 
4.1 SS block measurements and C-DRX
In LTE, when UE is configured with connected mode DRX, the mobility related requirements are relaxed from the default value (e.g. 800ms for cell detection). The relaxation depends on applied DRX cycle as specified in 36.133. This is natural approach in LTE as UE can schedule it’s measurements rather freely due to the presence of always-on signals (CRS) for RSRP measurements. For cell detection/search UE could wake middle of the C-DRX cycle, or advance/extend the active time beyond C-DRX on-duration so that sufficient SSS/PSS occasions can be gathered. 
It would seem most straight forward to consider also similar approach in NR in case of SS block based measurements, so that both mobility performance can be kept reasonable and that sufficient UE power saving opportunities can provided. It is also good to note that when considering different frequencly rangers, namely below and above 6GHz, the amount of relaxation that can be provided could be different. As on higher frequency bands the signal level changes, e.g. due to blocking etc., may occur more quickly, there may be need to consider whether and how much the mobility requirements can be feasibly relaxed.
[bookmark: _Hlk490219217][bookmark: _Ref490219936][bookmark: _Ref494727887]Observation 10: Amount of relaxation of measurement requirements in C-DRX may depend on the carrier frequency.  
In context of NR, as SS blocks can be sent less frequencly than in LTE, the SS block based RSRP measurements and cell detection can be scheduled by UE less freely compared to LTE. As the on-duration can be short (e.g. 0.125ms) compared to the SS burst set duration, and may not overlap in time, it is likely that UE would be required to carry out SS block based measurements during the DRX. Note that in LTE UE doing measurements during DRX were not precluded per se, but the requirements were only relaxed to allow UE to perform less frequent measurements. Thus, when considering NR, this may negatively affect the power saving attainable by the UE compared to LTE, with similar DRX cycles. Impact is likely to be larger with shorter/medium DRX cycles, while with long DRX cycles it might be neglible. There are different ways to address this impact: the time domain requirements could be further relaxed (compared to LTE) or the actual measurement accuracy related requirements could be differentiated of those used for non-DRX. The impact (of NR type of SS signal transmission) to the attainable power saving from DRX should be further evaluated, accounting also the UE side RX beam sweeping.
[bookmark: _Ref490219937]Observation 11: C-DRX mobility requirements in NR would need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping.
[bookmark: _Ref490163423][bookmark: _Ref494727938]Proposal 20: SS block based mobility measurement requirements with C-DRX need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping.


4.2. CSI-RS measurements and C-DRX
Follwing agreement was made regarding the CSI-RS measurements in C-DRX:
Agreements:
· UE is not required to measure CSI-RS configured for L3 mobility outside the active time
· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation
· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 

The open aspects in terms of UE behavior related to FFS points above, consider the way network can configure the CSI-RS for L3 mobility and UE assumptions regarding the presence of configured CSI-RS resources outside the active time. As noted in sub bullet of the agreement, in this context the active time is referred to the time when UE is monitoring PDCCH based on onDurationTimer or due to any timer triggered by gNB activity.
At least in LTE and very likely in  in NR as well, when C-DRX is configured to the UE, UE is set with different timers that, in addition to the rules given in MAC specification, determine the UE behavior. Namely these rules and timers aim to establish synchronous understanding between UE and network, when UE should be monitoring PDCCH. High level summary of most relevant timers and related behavior from 36.321 (sec. 5.7) is given below: 
· drx-InactivityTimer, which determines how soon after ceasing of DL and/or UL activity UE may start to apply the discontinuous PDCCH monitoring. Once the drx-InactivityTimer has expired UE is required to monitor the PDCCH only during onDurationTimer once every DRX cycle. 
· Two different DRX cycles can be configured; shortDRX-Cycle (optional) and longDRX-Cycle.
· After drx-InactivityTimer has expired, UE will first apply the the PDCCH discontinuous monitoring pattern according to shortDRX-Cycle (if configured) and followed by longDRX-Cycle
· If short DRX cycle is configured drxShortCycleTimer determines how soon after applying short DRX cycle UE will start to monitor based on long DRX cycle
· If no shortDRX-Cycle is configured UE may start to apply the the PDCCH discontinuous monitoring pattern according to longDRX-Cycle (after drx-InactivityTimer has expired)
· or the drx-InactivityTimer has expired UE may start to monitor PDCCH in a discontinuous manner according to longDRX-Cycle.
· onDurationTimer determines the minimum active time UE needs to monitor the PDCCH (unless not required by other rules) every DRX cycle

It also good to note that the LTE RRM requirements defined in 36.133 assume C-DRX being configured, and the performance requirements are determined based on the active time of the DRX cycle. In most test cases UE is being addressed by PDCCH continuously (to keep drx-InactivityTimer running) and prevent the UE to start discontinuous monitoring and the performance requirements are same as with no C-DRX configured.
Thus rules determining the UE behavior (i.e PDCCH monitoring) results that if there is data activity and UE is scheduled more or less continously (at least once every drx-InactivityTimer) UE will stay in active time and monitor the PDCCH. It is clear that from user experience perspective, when there is data activity, the mobility criterions should be also tighter. The performance requirements in RAN4 in determine that the UE mobility requirements shall follow the same baseline as in case when no C-DRX is configured. When UE is allowed to start the discontinuous monitoring e.g. there has not been PDCCH activity for the duration drx-InactivityTimer, the impact of prolonged mobility procedures to user experience is less severe, and UE can be allowed to perform measurements less frequently (as per RAN4 requirements).  
[bookmark: _Ref494727894]Observation 12: In LTE, mobility performance requruirements when C-DRX is configured follow the data activity.
Based on this discussion, requirement that network is only allowed to configure CSI-RS resources on UE’s active time,  and if wanting to ensure mobility performance matching to the data activity, would be able to be met basically only by doing a CSI-RS resource (for L3 mob.) reconfiguration at every transition point. I.e. after there has not been any data activity for some time, and based on C-DRX timers UE would be allowed to start discontinuous monitoring, network would need to re-configure the CSI-RS resources and apply a periodicity corresponding to long DRX cycle. Naturally any activity this would extend the active time (due to resetting the drx-InactivityTimer). Respectively when the data activity starts, and network would like to ensure mobility performance by enabling UE do a frequent CSI-RS measurements, network would need to do a re-configuration and change the periodicity of the CSI-RS to be more frequent. In case of short transmission burst, result would be consecutive and frequent reconfigurations. 
Naturally network could use a single configuration, corresponding the active time that can be assumed always, i.e. the onDurationTimer that is applied at every longDRX-Cycle. This would imply that the CSI-RS based mobility performance would be restricted even during the active time. 
[bookmark: _Ref494727897]Observation 13: Requiring that network can only configure CSI-RS resources within UE’s active time will severly hinder the use of CSI-RS for L3 mobility.
Thus to preserve network side flexibility for CSI-RS configuration and minimize the need for change/adapt configuration based on UE DRX configuration it is preferred that network can configure CSI-RS for L3 mobility in flexible manner. There should not be any restrictions for network not to configure CSI-RS resources outside UE active periods as UE DRX configuration may change but there would not be need to adapt CSI-RS configuration. As already agreed, UE is not required to measure CSI-RS outside the active time.
[bookmark: _Ref494727959]Proposal 21: CSI-RS resource configuration is under under network control and can be configured independently of C-DRX.
Now assuming that network has full flexibility to configure the CSI-RS resources, independently of C-DRX, as proposed above and accounting the agreement in last meeting that UE is not required to measure CSI-RS outside the active time (enabling UE to preserve power while applying discontinuous PDCCH monitoring), the question remains what should be the assumption regarding the CSI-RS resources occur outside the active time. In LTE, UE has the full flexibility do the measurements, even outside the active time, due to the presense of always on RS, CRS. In NR the only always on signal is in principle the SS block, while CSI-RS transmission depend on network configuration. Thus unlike in LTE CRS, UE cannot take any pre-assumptions regarding the CSI-RS and therefore would always need to perform measurments based on the given configuration by NW. Therefore determining that UE may not assume that CSI-RS are present outside the active time would not result any significant complication in UE behavior, but would in turn enable network to preserve resources and energy by omitting the transmission of  CSI-RS  that occur outside the UE active time. 
As an example in Figure 10, network transmits periodically the CSI-RS for L3 mobility. UE should not assume that the resrouces indicated by dashed (red) line would be present and use only those resoruces that occur within the active time.

[bookmark: _Ref494727961]Proposal 22: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time. 


[image: ]
[bookmark: _Ref492501315]Figure 10. Illustration of CSI-RS periodicity and UE C-DRX cycle.



5	Conclusion
In this contribution we have discussed different aspects related to the mobility measurements.
For RSRQ and SINR for mobility measurements we observe and propose following:

Observation 1: Measuring RSSI SS block symbols on occupied SS block locations does not reflect the load situation properly.
Proposal 1: Determine the time domain resources for SS Block RSSI measurement based on the knowledge of occupied SS Block time locations.
Proposal 2: If occupied SS Block locations are not known, measure RSSI with the assumption that SS block locations are occupied or base the selection of time domain resources on the detected SS Block locations.
Proposal 3: By default, for SS Block RSSI measurements, PDCCH symbol(s) are used. 
Proposal 4: If assistance information is provided or the presence of SSBs is detected, UE may use additional symbols from the configured slots for RSSI measurement.
Proposal 5: SS Block RSSI measurement bandwidth is the CORESET bandwidth configured by PBCH at least for the intra-frequency RSSI measurement. For inter-frequency/RAT measurements UE could use the smallest RMSI CORESET BW.
Proposal 6: CSI-RS SINR, the interference is measured on the same resource element used for CSI-RS RSRP (Alt1)
Proposal 7: SSS based -RS SINR, the interference is measured on the same resource elements used for SS-RSRP measurement (Alt2)
Observation 2: The beams in the RX beam set used for RRM measurements for a measurement object should have comparable beamforming gain.
Proposal 8: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set.
Proposal 9: : In minimum SMTC parameters should support 1ms, 2.5ms and 5ms measurement window sizes and offset values {-2.5, -1.25,0, 1.25, 2.5}ms.

For L3 Mobility CSI-RS we observe and propose following: 
Observation 3: Higher density in frequency domain reduces the required number of L1 samples per L1 measurement.
Observation 4: Power boosting improves the obtainable RSRP absolute accuracy. Amount of improvement depends on the number of CSI-RS resources and ports per PRB as well as used density.
Proposal 10: Support power boosting for CSI-RS for L3 Mobility
Proposal 11: Support following RE per port per PRB densities (in frequency domain): {1, 2, 3, 4, 6, 12}
Proposal 12: Support time domain repetition of single symbol CSI-RS resources for CSI-RS for L3 Mobility
Proposal 13: Minimum bandwidth for CSI-RS for L3 mobility is 24 PRB.
Proposal 14: Support 2-port CSI-RS resource configuration for L3 Mobility
Proposal 15: CSI-RSRP measurement quantity is defined per configured CSI-RS resource.
Proposal 16: Support mapping L3 mobility CSI-RS to OFDM symbols {0,1,2,5,6,7,8,9,10,12,13}.
Observation 5: To avoid time varying configuration of CSI-RS and allow independent configuration of CSI-RS and SS Burst Set, it would be beneficial to allow puncturing of REs occupied by SS block signals when measuring CSI-RS.
Proposal 17: Support configuration of CSI-RS independent of SS blocks
Proposal 18: If CSI-RS and SS block signals occur on the same symbols, the REs occupied by SS block signals are punctured from CSI-RS measurement perspective. If the CSI-RS resource overlapps with SS block that it is not QCL’d with it should be punctured completely. If CSI-RS resource overlaps with SS block that it is QCL’ed, only RE’s overlapping with the SS block are punctured.

And for the sequence design:
Observation 6: Physical Cell ID could be used as an one input parameter to the sequence intialization.
Observation 7: Time domain varying parameter for sequence intialization could also be considered.
Observation 8: Additional parameters would be needed to separate overlapping resources if sent under the same cell ID.
Observation 9: RE mapping and density could also be used as parameters for the intialization.
Proposal 19: From L3 mobility perspective the initialization of CSI-RS sequence should be based on number of Physical Cell IDs (i.e. 1008) extended with [4-8] per cell ID.

For C-DRX measurements we observe and propose following:
Observation 10: Amount of relaxation of measurement requirements in C-DRX may depend on the carrier frequency.
Observation 11: C-DRX mobility requirements in NR would need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping.
Observation 12: In LTE, mobility performance requruirements when C-DRX is configured follow the data activity.
Observation 13: Requiring that network can only configure CSI-RS resources within UE’s active time will severly hinder the use of CSI-RS for L3 mobility. 
Proposal 20: SS block based mobility measurement requirements with C-DRX need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping.
Proposal 21: CSI-RS resource configuration is under under network control and can be configured independently of C-DRX.
Proposal 22: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time.
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Annex
Results in this contribution are presented as RSRP absolute accuracy, which is obtained as follows:
· RSRP measurement samples (raw channel estimates) are collected per sampling rate instance. All measurement samples are coherently combined at L1 measurement period for calculating the RSRP.
· Delta RSRP is calculated (estimated RSRP – ideal RSRP) and corresponding CDF curve is created
· Delta RSRP values from 5%-percentile and 95%-percentile of the CDF curve are obtained
· RSRP absolute accuracy is calculated then as follows: max(abs(5%-tile), abs(95%-tile))
We use RSRP absolute accuracy of 2 dB as a threshold as stated in [1] the required RSRP accuracy shall be +/- 4.5 dB and we use RF margin of 2.5 dB [2]. 
Simulation assumptions for RSRP simulations are listed in the table 1.
Table 1: Link level evaluation assumptions
	Carrier Frequency 
	4 GHz 

	Channel Model (4GHz)
	AWGN 

	Subcarrier Spacing(s) 
	15 kHz

	SNR range 
	-6 dB 

	CSI-RS bandwidth
	25, 50, 100 PRB

	Antenna Configuration at the TRP 
	(1,1,1) with omni-directional antenna element 

	Antenna Configuration at the UE 
	(1,1,2) with omni-directional antenna element 

	
	

	



The CDF curves for 5, 10 and 20 MHz bandwidths with different comb structures presented in Figure 11, Figure 12 and Figure 13. Comb1 translates to D=12, Comb2 to D=6 and so on.
[image: ]
[bookmark: _Ref494718897]Figure 11. CSI-RS RSRP Absolute Aaccuracy with different comb structures with 5MHz BW
[image: ]
[bookmark: _Ref494718900][bookmark: _Ref492903843]Figure 12. CSI-RS RSRP Absolute Aaccuracy with different comb structures with 10MHz BW


[image: ]
[bookmark: _Ref494718901][bookmark: _Ref492903845]Figure 13. CSI-RS RSRP Absolute Aaccuracy with different comb structures with 20MHz BW

Simulation assumptions for SS Block RSSI simulations are listed in the table 2.
Table 2: Link level evaluation assumptions
	[bookmark: _Hlk499115280]Carrier Frequency 
	4 GHz 

	Channel Model (4GHz)
	CDL-D (30ns), 3Km/h

	SINR operation point
	[bookmark: _GoBack]Target: -6dB without antenna gain. Interfering cell were -6 dB below the target cell level. 

	Antenna Configuration at the TRP 
	(M,N,P,Mg,Ng)=(4,4,2,1,1) with omni-directional antenna element 

	Antenna Configuration at the UE 
	(M,N,P,Mg,Ng)=(1,1,2,1,1) Omni patternilla (antennigain 0dB)

	Cell Layout
	3 cells in hexagonal grid, 1 target, 2 interfering
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