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1	Introduction
In this contribution we discuss on the remaining open issues on mobility procedure after RAN1 NR AH18-01. This contribution is an update of R1-1800807.
2	SS Block RSSI Measurements

2.1 Default Time domain Resources for RSSI measurements
RAN1 AH#1801 made the following agreement to define the time domain resources for SS-RSSI measurements:
Agreements:
· The same default SS-RSSI measurement time resources are applicable for all SS-RSRQ measurements in the same carrier.

To continue discussion till next meeting. Aim to conclude in early week of next RAN1 meeting
· For FDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· For TDD
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· Down-select from the following alternatives:
· Alt 1: a subset of OFDM symbol of the slots that contain detected SSB.
· The subset of OFDM symbols are: 
· Option 1) first 12 OFDM symbols
· Option 2) first 5 OFDM symbol in the half slot that SSB was detected
· Option 3) all OFDM symbols before a detected SSB in each half slot that contains the detected SSB
· Option 4) 2 OFDM symbols
· Option 5) First 1 OFDM symbol  for Case A & B, first 2 symbol for Case C & D, first 4 symbol for Case E (case A,B,C,D,E are SS/PBCH patterns for different bands)
· Option 6) All symbols excluding the OFDM symbol corresponding to the detected SSB
· Alt 2: a set of OFDM symbols relative to the detected SSB
· Alt 3:  RAN4 recommendation
· Alt 4: RAN4 recommendation with the exclusion of resources where slots that do not carry detected SSB 

As discussed in several occasions in course of the RAN1 NR AH#180-01 there are concerns that the definition proposed by RAN4 could result that UE measuring symbols that are used for uplink transmission, thus potentially inflicting bias to RSSI measurement and eventually to RSRQ calculation. To avoid this only mechanism available for the network would be to configure the slots that are used as by default measurement resource to be only downlink slots. It is also good to note that for the SS/PBCH block patters with 120kHz and 240kHz there are slots at the middle of the pattern which contain no candidate locations for SS/PBCH blocks. 
[bookmark: _Hlk506558147][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][bookmark: _Hlk506558175]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.    
As raised above (and just to repeat), 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 hand 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 should determine the applicable time domain measurement resources used for default SS-RSSI based on the presence of SS/PBCH block. 
Observation 3: UE should determine the time domain measurement resources used for by-default SS-RSSI based on the presence of SS block. 
As raised in last meeting the current IDLE mode (in inter-frequency case) operation could allow UE in principle to perform measurements and do evaluations without obtaining information regarding the timing i.e. SS/PBCH block index. Hence it may not be possible to assume that UE would be able to adjust it’s measurement resources in respect to the time location of the detected SS/PBCH block e.g. in a slot. Thus, if this approach is accepted (and while not necessarily resulting satisfactory RSRQ measurement), it would seem that the RSSI measurement time resources could be on determined based on detected SS/PBCH block(s) in a relative manner. As discussed in last meeting the one possible approach would be to define that the UE would measure 2 symbols prior to the SS block and potentially the SS block symbols. For simplicity same time domain resources could be considered also for intra-frequency case, hence we propose to the same RSSI measurement resources in general for IDLE mode.   
In CONNECTED mode, UE would be required for measurement reporting purposes to obtain the SS/PBCH block index, and therefore knowledge of the timing (in slot) could be assumed. In this case the RSSI measurement resources could be determined to the first 2 symbols of a slot where the SS/PBCH block is detected.  
Proposal 1: For default SS Block RSSI measurement, the time domain resources are based on the presence of SS/PBCH blocks:
· In IDLE mode the time domain resources are 2 symbols prior to detected SS block and optionally SS block symbols
· In CONNECTED mode case, the time domain resources are the first 2 symbols of a slot(s) where SS block is detected

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 2: 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 4: 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 3: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set. Adopt the Text Proposal in Annex B.

4 	On the CSI-RS configuration for L3 Mobility 
RAN1#91 the parameters for CSI-RS configuration were agreed, and further clarified in RAN1 NR AH#18-01.
Based on the RRC excel provided as a part of LS send to RAN2, the frequency location of the CSI-RS configuration is provided by ‘Common-PRB-Grid-offset’ and ‘CSI-RS-measurement-BW-start’. ‘CSI-RS-measurement-BW-start’ gives the starting position of the CSI-RS resource in relation to point A (in PRBs). According to the agreements ‘Common-PRB-Grid-offset’ in CSI-RS for mobility configuration gives the offset between the lowest PRB of the cell-defining SS/PBCH block and PRB 0 of the common PRB indexing. The range based on the chosen CSI-RS numerology at sub-carrier steps (276*4*12). (Related rows quoted in Annex at the end of the document).
The chosen approach implies that in the case that the SS/PBCH block would be using 15kHz numerology and CSI-RS would be based on 30kHz numerology and the SS/PBCH block is offset un-even amount of 15kHz steps from the common PRB grid, the ‘Common-PRB-Grid-offset’ would not be able to point to the scs#0 of the PRB0 in the common PRB grid. 
Observation 5: If SS/PBCH numerology is lower than CSI-RS numerology at FR1, ‘Common-PRB-Grid-offset’ would not be able to point to the scs#0 of the PRB0 in the common PRB grid.
Therefore, two options exist. Either the offset is defined to be between the common PRB0 and the PRB (scs#0) referred by the SS/PBCH block with the floating synch offset (‘ssb-subcarrierOffset’) (i.e. after the floating synch is resolved) and ‘Common-PRB-Grid-offset’ is determined as PRBs (instead of tones). This would imply that for inter-frequency case the ‘ssb-subcarrierOffset’ would need to be indicated (assuming that the sub-carrier spacing of the SS/PBCH block is obtained elsewhere) but ‘Common-PRB-Grid-offset’ could be sent with fewer bits (5+11 bits wo any joint coding). Alternatively, the numerology based on ‘Common-PRB-Grid-offset’ (in steps of sub-carriers) is interpreted is selected with one bit (e.g. between 15kHz or 30kHz), adding one bit more (14+1 bits). 
[bookmark: _Hlk506557770]Observation 6: This can be addressed in two possible ways. Either 1) define the ‘Common-PRB-Grid-offset’ is determined as PRBs and refer to PRB determined by the SS/PBCH block location after floating synch has been resolved or 2) indicate the numerology used for ‘Common-PRB-Grid-offset’
After this being said, it is our understanding that RAN2 has implemented the reference locations (e.g. PRB0) using absolute frequency location indication, which would circumvent the afore discussed issue.
Observation 7: RAN2 appears to have chosen direct indication of the reference point (PRB0) via absolute indication, there by circumventing the aforementioned issue.
5	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 8: 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 9: Requiring that network can only configure CSI-RS resources within UE’s active time will severely 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 a 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 4: 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 presence 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. Therefor 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 resources indicated by dashed (red) line would be present and use only those resources that occur within the active time.
Hence it is proposed that UE should not assume the presence of the configured CSI-RS resource for L3 mobility outside the Connected mode DRX active time. This agreement would seem to have an impact to the RAN4 specification and therefore it is proposed to inform RAN4 about the decision.

[bookmark: _Ref494727961][bookmark: _Ref503557350][bookmark: _Hlk506558765]Proposal 5: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time. Inform RAN4 about the decision.

[image: ]
[bookmark: _Ref492501315]Figure 3. Illustration of CSI-RS periodicity and UE C-DRX cycle
[bookmark: _GoBack]6	Conclusions
In this contribution, we discussed on aspects related to mobility measurements:
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. 
Observation 3: UE should determine the time domain measurement resources used for by-default SS-RSSI based on the presence of SS block.
Proposal 1: For default SS Block RSSI measurement, the time domain resources are based on the presence of SS/PBCH blocks:
· In IDLE mode the time domain resources are 2 symbols prior to detected SS block and optionally SS block symbols
· In CONNECTED mode case, the time domain resources are the first 2 symbols of a slot(s) where SS block is detected

For the frequency resources for SS-RSSI measurement we propose as follows:- 
Proposal 2: 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.
In RAN1 NR AH#3 the assumption for UE RX spatial filtering was discussed, pending still for agreement. In Section 3 we discuss this issue we make following observations and propose as follows:
Observation 4: The beams in the RX beam set used for RRM measurements for a measurement object should have comparable beamforming gain.
Proposal 3: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set. Adopt the Text Proposal in Annex B.
In Section 4 we make an observation of an possible issue regarding the CSI-RS resource configuration based on RAN1 agreements on RRC parameters, with an additional observation that RAN2 has implemented the reference location using absolute reference location indication thereby circumventing the issue. Assuming that RAN2 approach is adopted also by RAN1 this issue would not need to be discussed.
On the CSI-RS and C-DRX operation we observe and propose as follows:-
Observation 8: In LTE, mobility performance requirements when C-DRX is configured follow the data activity.
Observation 9: Requiring that network can only configure CSI-RS resources within UE’s active time will severely hinder the use of CSI-RS for L3 mobility.
Proposal 4: CSI-RS resource configuration is under network control and can be configured independently of C-DRX.
Proposal 5: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time. Inform RAN4 about the decision


[bookmark: _Hlk498596596]References 
[1] RAN1#91 Chairman Notes
[2] [bookmark: _Ref503341452]R1-1800007, LS to RAN1 on RSSI evaluation resource for SS-RSRQ measurement	RAN4
[3] [bookmark: _Ref503546955]R4-18xxxx, SLS on Number of cells and SS-Blocks, Nokia, Nokia Shanghai Bell
[4] R1-1801281, “LS on correction to RRC parameters for NR”, RAN1





Annex A Text Proposal for 38.215

=== Text Proposal for 5.1.1. Starts ===
5.1.1	SS reference signal received power (SS-RSRP)

	Definition
	--- non-affected parts omitted ---

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. SS-RSRP measurement to be reported shall be the highest among measurements based on each spatial RX filter in the selected set of spatial RX filters over individual receiver branches.
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.


=== Text Proposal for 5.1.1. Ends ===


=== Text Proposal for 5.1.2. Starts ===

[bookmark: _Toc492373194][bookmark: _Toc500871212]5.1.2	CSI reference signal received power (CSI-RSRP)

	Definition
	--- non-affected parts omitted ---

For frequency range 1, the reference point for the CSI-RSRP shall be the antenna connector of the UE. For frequency range 2, CSI-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. CSI-RSRP measurement to be reported shall be the highest among measurements based on each spatial RX filter in the selected set of spatial RX filters over individual receiver branches.
For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported CSI-RSRP value shall not be lower than the corresponding CSI-RSRP of any of the individual receiver branches.




=== Text Proposal for 5.1.2. Ends ===



Annex B: Capture from the RRC parameters in R1-1801186 
	Common-PRB-Grid-offset
	New
	Common-PRB-Grid-offset
	Information to define common PRB grid for CSI-RS sequence generation 
	[0,1,2, …,276*4*12]
	NA
	UE specific
	38.331
	Contained in CSI-RS-Config-Mobility. Information to define common PRB grid for CSI-RS sequence generation. Configured per carriercell, where a common set of values are assigned across all the resources for a given cell. 
Corresponds to an offset (in terms of number of subcarriers in CSI-RS numerology) between PRB 0 for common PRB  indexing and a reference location
– the reference location is the lowest PRB of the cell-defining SSB

	CSI-RS-measurement-BW-start
	New
	CSI-RS-measurement-BW-start
	Starting PRB index of the measurement bandwidth
	0, 1, …, [251]
	NA
	UE specific
	38.331
	Contained in Measurement-BW. Starting PRB index with respect to PRB0 in CSI-RS numerology
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