[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG1 NR AH #18-01	R1-1800807
Vancouver, Canada January 22nd – 26th 2018

Agenda item:		7.1.5.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
[bookmark: _GoBack]Title:	Remaining details on mobility measurements
Document for:		Discussion and Decision
1	Introduction
In this contribution we discuss on the remaining open issues on mobility procedure after RAN1#91.
2	SS Block RSSI Measurements
2.1 Values of the ending symbol for RSSI measurement
In RAN1#91 following agreements were made concerning SS Block RSSI measurements:
Agreements:
When a set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode:
· Slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration
· Here, the slots are determined based on the SSB numerology
· OFDM symbol level configuration for the configured slots: 
· Configurable with a limited set of ending symbols; the set of symbols in a slot is from symbol 0 to the ending symbol
· No more than 4 values for the end symbol 
The exact details of SS Block RSSI measurements are still open. UE can be configured with set of slots where to perform RSSI measurements but the actual symbol locations still need to be decided. Up to 4 values can be specified, which indicate the ending symbols for the RSSI measurement on each indicated slot for RSSI measurement. This indication is common for all the slots where RSSI is to be measured, thus it would be good to account different type of deployments.
As example having a value M=2 would mean that UE measures the RSSI on PDCCH symbols which are known to be downlink symbols. This would provide full flexibility for network to use remaining symbols of the slots to be used as downlink or uplink without affecting UE RSSI measurements. In one further potential option could be so select value M could be selected to be M=12 which would allow network to configure UL control to the end of the slot and avoid this in the RSSI measurement. 
As one option, which would allow NW some scheduling flexibility in terms of UL/DL symbols in a slot the ending symbol value M could be selected so that UE measures up to a certain point in the slot. This would leave the option for network to use the remaining symbols for uplink transmission. Depending on the network operation first half of the slot could be assigned for SS block or used for DL data transmission and would be covered by the UE in RSSI measurement. 
Latter part of the slot could be flexibly used either for DL or UL data or even for SS block transmission without affecting the RSSI measurement. Hence, determining M so that it would correspond to the end of the first SS block could be considered. As the SS block time locations vary depending whether the slot index is even or odd this would be needed to take into account when defining the way how the value M is derived. 
Hence one option to derive the one value M to match to the end of the first SS block of the slot. For 240KHz subcarrier spacing the value would be defined to correspond to the end of the second SS block location. 
. 
When considering the SS block patterns for different sub-carrier spacings, it can be seen that the end symbol of the first SS block (of the slot) may vary as a function of the slot index. For 15KHz SCS the end location would have a fixed value, and M could be chosen to be 5 (exactly at end of first SS block) or 7 (before the start of second SS block). For 30KHz there is two alternative patterns, but for simplicity these could be covered by one value, e.g. determine in case of SS block scs=30kHz the value to be either M=7 or M=5, depending on the slot index. Similarly in case of 120 KHz scs, the slot index could be used to determine the value of M from group of {7,5}. For 240 KHz, like noted, it would be preferable to align the value of M with data numerology in some extent, so slot index could be used to determine one value of M from the group of {15,11}. Hence using modulo-2 of the slot index the (one) value for M could be defined as:
· if SS block SCS = 15KHz, M = 7 [or 5]
· if SS block SCS = 30 KHz, M = 7 – 2 * (SlotIndex modulo 2)
· if SS block SCS = 120 KHz, M = 7 – 2 * (SlotIndex modulo 2)
· if SS block SCS = 240 KHz, M = 15 – 4 * (SlotIndex modulo 2)

Based on the afore discussion following proposal is made for the determination of candidate values of M
[bookmark: _Ref503556951]Proposal 1: The end symbol location for RSSI measurement in an indicated slot, UE shall measure RSSI from the start of the slot (symbol#0), until symbol M where the M is defined as:
· 0: M=2
· 1: M=12
· 2: M= Defined according Table 1 as a function of SS block SCS and slot index.
· 3: [reserved]

Table 1. Determination of the M
	SSB SCS (KHz)
	M

	15
	[7 or 5]

	30
	7 – 2 * (SlotIndex modulo 2)

	120
	7 – 2 * (SlotIndex modulo 2)

	240
	15 – 4 * (SlotIndex modulo 2)





2.2 Default Time domain Resources for RSSI measurements
Regarding the issue of default time domain resources for RSSI measurements, RAN4 LS [2] stated following:
RAN4 has discussed the definition of quality based measurement for NR and following is RAN4’s recommendation for the by-default RSSI evaluation period design if UE doesn’t get indication of RSSI estimation period from network:
· RSSI in SSB based RSRQ
RSSI comprises the linear average of the total received power (in [W]) observed over time duration TRSSI, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The time duration, TRSSI, is defined as follows:

TRSSI=  Configured SMTC measurement window (if gap is not used)
TRSSI=  Overlapped time span between configured SMTC measurement window and minimum measurement time within measurement gap (if gap is used)

The above LS states that in case UE is not given any indication of RSSI time domain resource, it has to measure all the symbols on all the slots that are overlap the SMTC time window and configured measurement gap. We see this definition problematic since it could mean that UE would be measuring symbols that are used for uplink transmission, thus potentially inflicting bias to RSSI measurement and eventually to RSRQ calculation. From network perspective, the RAN4 recommendation is problematic as to avoid introducing the (uplink symbol) bias to UE’s SS Block RSSI measurements, network would need to force at least the slots that are used as by default measurement resource to be only downlink slots.
[bookmark: _Ref503557085]Observation 1: If UE performs measurements on all symbols during the time duration for RSSI measurements, UE may also measure RSSI on uplink slots, it may produce biased measurement results.
[bookmark: _Ref503557086]Observation 2: To avoid biased RSSI measurements, thus avoid UE measurements on uplink slots, network would potentially need to force the by-default RSSI measurement slots to be downlink, thus limiting the network scheduling flexibility.       
To overcome the aforementioned issues, we propose the following way to determine the by-default SS block RSSI measurements on indicated slots (of determined based on the overlap of SMTC windows and measurement gap). 
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 a 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 and 4 for 240KHz) are occupied by SS block transmission can be used for determining how the UE should account the symbols for RSSI measurement e.g. whether if UE could measure all the symbols of the slot, a half-slot or just PDCCH symbols. 
As raised above, if UE always measures all symbols on all the slots by default, it will results risk of UL transmission caused bias or need for the network to limit the UL transmissions. Hence if UE detects presence of SS/PBCH block in the slot it can with very high reliability be determined, surprisingly, that the slot is at least partly used for DL transmission. On the other had if no SS blocks are detected during the duration of the slot, there is a possibility that the slot could be completely used for UL transmission. 
Thus UE could determine the time domain measurement resources used for default SS-RSSI based on the presence of SS block. For example on a simple manner so that in case no SS blocks are detected in a slot, it would not by default use any of the symbols of the slot (or only few from the start) for determining RSSI. On the other hand, if at least one of the SS block locations is occupied (i.e. SS block detected) UE could use all/most of the symbols of the slot for SS-RSSI measurement. To allow more flexible network scheduling and DL/UL allocation it is proposed that for the default SS-block RSSI measurement UE would base the used time domain resources in a slot to the possible presence of SS block during the slot.
[bookmark: _Ref503556952]Proposal 2: For by-default SS Block RSSI measurement, determine the time domain resources based on the presence of SS blocks in slot.

2.3 Frequency Resources for SS Block RSSI Measurement
In RAN1#91 following agreement was made on the SS-RSRQ measurement, leaving some aspects for the RSSI measurement bandwidth for further consideration as there was no consensus:
Agreements:
· In Rel-15, different measurement BW for CSI-RSSI than for CSI-RSRP is not supported
· In Rel-15, there is no consensus to support different measurement BW for SS-RSSI than for SS-RSRP 
When considering the SS-RSSI measurements it is evident that for IDLE mode measurements, UE may not be aware of the total system bandwidth of the system and therefore may not use all the available carrier bandwidth for the measurement. However, even for IDLE mode, UE is aware of the CORESET configuration provided in the PBCH (which should define the initial DL BWP). Hence one way to improve the SS-RSSI measurement accuracy (to reflect load) would be to determine the RSSI measurement bandwidth based on the CORESET bandwidth at least for intra-frequency measurements. The RMSI CORESET bandwidth can configured among {24,48,96}PRBs by PBCH and in case where it is significantly wider than the SS block BW (20PRB) it could help to improve the measurement accuracy. Also in case of FDM of SS block and PDCCH the SS-RSSI measurement bandwidth could be extended. For inter-frequency/RAT (to NR) measurements, where UE does not necessarily have information regarding the configured CORESET bandwidth, it might be simplest to restrict the measurement to the smallest possible RMSI CORESET bandwidth i.e. 24PRBs. Thus, we propose that:
[bookmark: _Ref503556964]Proposal 3: 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 e.g. 24 PRB.

3 UE RX spatial filtering and Measurement Reporting
In RAN1 NR AH#3 the need to ensure consistent UE behavior 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 behavior in terms of RX spatial filtering for mobility measurements was discussed. Figure 1 illustrates an example scenario where UE, equipped with four RX beams uses different RX spatial filters to obtain measurement 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 beam sweep). Through 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. Naturally 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 1. Illustration of UE measurement with RX beam set.
Figure 2 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 1). 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 3 : The beams in the RX beam set used for RRM measurements for a measurement object should have comparable beamforming gain.
[image: ]
[bookmark: _Ref494634001]Figure 2. Illustration of more refined ’sub-beams’
[bookmark: _Ref494722134][bookmark: _Ref503556965]Proposal 4: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set. 
4 	Separation of L1-RSRP and L3 RSRP
Currently, 38.215 states for the SS-RSRP that CSI-RS may be used in addition to secondary synchronization signal. This definition reflects the agreement made for beam management, i.e. this is the definition for L1-RSRP which can be measured using SS Block, CSI-RS or in combination of both. For SS-RSRP for L3 mobility, no such agreement to use combination of CSI-RS and SS Block signals has been made. Thus, there is a risk of ambiguity in measurement configuration and requirement definition. Therefore, it would appear to be preferable to distinguish the two different measurements from each other. Hence have separate definition in the specification for L1-RSRP and SS-RSRP measurement for L3 mobility.
[bookmark: _Ref503556967]Proposal 5: Consider defining L1-RSRP and L3 SS-RSRP separately in 38.215    
From 38.215:
[bookmark: _Toc492373193][bookmark: _Toc500871211]5.1.1	SS reference signal received power (SS-RSRP)
	Definition
	SS reference signal received power (SS -RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS). The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5].

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity. 

If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.


	

5 	On the Number of CSI-RS for L3 Mobility 
RAN1#91 made an agreement on the maximum number of CSI-RS resources when associated to SS block (N1=96) that can be configured per frequency layer for L3 mobility:
Agreements:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

This agreement was not made completely consistently with the preceding discussion in our view, and we would respectfully like to consider if it could be revisited by the group. During the offline discussions it was agreed to introduce two categories of the CSI-RS resources from the perspective of the measurements, one group with associated SSB and other without any associated SSB. 
Based on the provided association information (to an SSB), UE can reduce the measurement complexity. If UE cannot detect specific SS block, it is not required to measure the associated CSI-RS resources thus even if UE would be configured with much higher number of N1 CSI-RS, in practice it would not increase the UE complexity as UE is required only monitor subset of the total configured CSI-RS resources. 
When considering the limited number of CSI-RS resources from network perspective, it is clear that in mobility scenarios where large number of TRPs is used with multiple beams, the device movement will result need to update the configured set frequently, increasing the RRC signaling load.
With example calculations, if we consider the maximum number of SS blocks per cell is N=64 and each SS Block has M CSI-RS resources associated to it and considering the number of cells UE can detect (e.g. Ncell= 3) that UE is able to detect:
· N=64, M=1, Ncell=3 -> N1 	= 192
· N=64 M=4, Ncell=3 -> N1	= 768
· N=64 M=8, Ncell=3 -> N1 	= 1536	  
· Etc..

Naturally the above numbers are up for debate i.e. how many cells UE detects, what is the beam configuration for SS block and CSI-RS for L3 mobility. For example based on the simulation results [3] (macro layout, 7x 4-sector sites,28 sectors total, wrap-around, 200 m ISD and 30GHz frequency) we observed that in 50 percent of the cases with 1 RX (omni) UE is able to detect ~5 cells, with multiple antennas even more due to beamforming gain.
When these numbers are compared to the agreed N1=96, it could potentially mean that when UE can detect multiple cells and due to mobility it may detect different SS blocks, network may need to re-configure CSI-RS based on the newly detected SS blocks. For network to configure CSI-RS for detected SS blocks, UE needs to also report those to network, increasing the signaling overhead. Depending on the mobility state of the UE the reporting and reconfigurations may be quite frequent. If UE could be configured with larger set of associated CSI-RS for L3 mobility, the reporting/reconfiguration burden could be avoided. 
The fact that the N1 CSI-RS resources are associated to SS blocks, the number of configured resources could be higher. as UE is not required measure/monitor the CSI-RS associated to specific SS block unless it detects the said SS block. One way to even further reduce the number CSI-RS for UE to measure, would be to define e.g. SS block signal quality threshold to further restrict the need to measure CSI-RS resources from and associated SSB. 
Hence it is felt that the value agreed for N1 maybe too restrictive from system operation perspective and that increasing it would not cause significant increase in the UE measurement complexity. If this value could be considered we would propose to determine it so that:
· In total (N1=) 164 associated CSI-RS resources could be configured
· RAN4 can further consider restrictions for the number of CSI-RS resources UE needs to be able to monitor per cell
[bookmark: _Ref503556968]Proposal 6: Value for N1 is revisited so that in total (N1=) 164 associated CSI-RS resources could be configured. 
In addition the maximum value of the unassociated CSI-RS resources, N2, was left open together with the limit to the combined maximum value of the CSI-RS resources. In beam management (for CSI acquisition) UE can be configured up to total of 128 CSI-RS resources. This could be used as starting point for discussing the maximum number of L3 mobility CSI-RS when there is no association to SS block (= N2). Lower maximum number of CSI-RS resources could be acceptable in case of no association since network does not (is not able) indicate any QCL assumption for CSI-RS based on SS blocks thus UE has no reference for spatial filter for CSI-RS measurements. Hence, in practice it needs to try to detect/measure all the configured CSI-RS with different beam configurations. To limit the measurement burden and associated complexity lower value could be considered. 
[bookmark: _Ref503556969]Proposal 7: The maximum number of CSI-RS resources when CSI-RS are not associated to SS block is N2=64 
The total number of CSI-RS resources for L3 mobility could be concluded once values for N1 and N2 are concluded, i.e. is the total sum of N1 and N2, or whether N1 determines the absolute maximum limit. 

6	CSI-RS measurements and C-DRX
Following 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 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 continuously (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][bookmark: _Ref503557328]Observation 4: In LTE, mobility performance requirements 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 to do 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][bookmark: _Ref503557329]Observation 5: 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][bookmark: _Ref503557348]Proposal 8: CSI-RS resource configuration is 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 measurements 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 3, 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][bookmark: _Ref503557350]Proposal 9: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time. 


[image: ]
[bookmark: _Ref492501315]Figure 3. Illustration of CSI-RS periodicity and UE C-DRX cycle
7	Conclusions
In this contribution, we discussed on aspects related to mobility measurements.
For the configuration of SS-RSSI measurement resources we make following proposal: 
Proposal 1: The end symbol location for RSSI measurement in an indicated slot, UE shall measure RSSI from the start of the slot (symbol#0), until symbol M where the M is defined as:
· 0: M=2
· 1: M=12
· 2: M= Defined according Table 1 as a function of SS block SCS and slot index.
· 3: [reserved]


For the default SS-RSSI definition we make following observations and proposals:
Observation 1: If UE performs measurements on all symbols during the time duration for RSSI measurements, UE may also measure RSSI on uplink slots, it may produce biased measurement results.
Observation 2: To avoid biased RSSI measurements, thus avoid UE measurements on uplink slots, network would potentially need to force the by-default RSSI measurement slots to be downlink, thus limiting the network scheduling flexibility.
Proposal 2: For by-default SS Block RSSI measurement, determine the time domain resources based on the presence of SS blocks in slot.
For the SS-RSSI measurement bandwidth we make following proposal for defining the measurement bandwidth:
Proposal 3: 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 e.g. 24 PRB.
On the UE RX spatial filtering assumption for the definition of the measurements we consider as follows:- 
Observation 3 : The beams in the RX beam set used for RRM measurements for a measurement object should have comparable beamforming gain.
Proposal 4: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set.
To prevent ambiguity we make following proposal in relation to L1-RSRP and L3 SS-RSRP:-
Proposal 5: Consider defining L1-RSRP and L3 SS-RSRP separately in 38.215
In Section 5 we propose to revisit the agreement on the associated CSI-RS resources and make following proposals:-
Proposal 6: Value for N1 is revisited so that in total (N1=) 164 associated CSI-RS resources could be configured.
Proposal 7: The maximum number of CSI-RS resources when CSI-RS are not associated to SS block is N2=64
On the CSI-RS and C-DRX operation we observe and propose as follows:-
Observation 4: In LTE, mobility performance requirements when C-DRX is configured follow the data activity.
Observation 5: 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 8: CSI-RS resource configuration is under network control and can be configured independently of C-DRX.
Proposal 9: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time.
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