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1. Introduction
In this contribution, we discuss remaining details on measurement for L3 mobility management based on agreements made in previous meetings.

2. Discussion on measurement time resources for SS-RSSI
In the previous meeting [1], RAN1 agreed on the following definition for SS- RSSI:
	Agreements:
· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
· Measurement time resource(s) are confined within SMTC window duration(s).



Regarding the measurement time resource(s) for SS-RSSI, the following agreements were made [1]:
	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



The first candidate for the default time-domain measurement resources are OFDM symbols of the detected SSB(s). However, it’s highly probable that SSBs from one cell will collide with SSBs from other cells but not with the actual data transmission. In this case, the RSSI measurements, based on SSBs only, are highly biased and do not reflect the actual load of the system.
To take into account other signal/channels and, thus, better estimate the system load, the measurement time should be extended as much as possible. Without any signalling from the network, the only way to extend the measurement time is to rely on slots where potentially the SSBs can be transmitted. Someone may argue that some of those slots could not contain any SSBs. Moreover they can be used for UL transmission in the target cell. However, the potential impact from the UL transmissions can be minimized after long averaging in the time domain. Based on that reasoning, we define the default RSSI measurement period TRSSI as follows:
TRSSI = min(WSMTC, M*TSS-slot),
where M is the number of slots, which can carry SS blocks within the SS burst set, TSS-slot is the duration of the slot which can carry the SSB, WSMTC is the SMTC window duration. The starting point of TRSSI is the first slot, which may contain the first SSB in the SS burst set. All OFDM symbols within TRSSI are considered as the default measurement time resources.
Proposal 1:
· Introduce the default RSSI measurement period TRSSI defined as follows:
· TRSSI = min(WSMTC, M*TSS-slot)
· M is the number of slots, which can carry SS blocks within the SS burst set
· TSS-slot is the duration of the slot which can carry the SS block
· WSMTC it the SMTC window duration
· All OFDM symbols within TRSSI are considered as the default measurement time resources

In case when network signaling is available, the simplest way to inform the UE about the slots for RSSI time-domain measurement resource is to send a bitmap with slot indication. The length of the bitmap is equivalent to the number of slots within the SMTC window.
The indicated slots are expected to contain DL data transmissions. For DL data transmission in NR, it was agreed that the front-loaded PDSCH DMRS are placed in OFDM symbol #3 or #4. For example, if OFDM symbol #3 has PBCH DMRS, it’s highly probable that the next OFDM symbol (#4) will be used for DL data transmission. If the front-loaded DMRS are placed inside OFDM symbol #4, it’s highly probable that the previous OFDM symbol (#3) is used for DL control transmission. Therefore, it’s highly probable that OFDM symbols #3 and #4 in the indicated slots always contain DL data/DMRS (at least one). Thus, they can be used for reliable RSSI measurements.
Proposal 2:
· A set of slots for RSSI time-domain measurement resource is configured via bitmap which length is equal to the number of slots within SMTC window.
· A set of OFDM symbols in the configured slots include OFDM symbol #3 and #4.

3. Discussion on IMR for SSS and CSI-RS based RS-SINR
In the previous meeting, the following agreements where achieved regarding IMR for SSS and CSI-RS based RS-SINR:
	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



The main motivation for Alt. 1 for SSS based RS-SINR was no to use NR-SSS because NR-SSS are always collided with each other in case of colliding SSBs from multiple TRPs. Therefore, the interference observed on NR-SSS resources is static. However, the PBCH-DMRS may also collide with PBCH-DMRS of other cells because the frequency positions of PBCH-DMRS are not unique for different cells. If PBCH-DMRS does not collide with other DMRS, then they collide with PBCH data which is also always present in SSB. Eventually, after sufficient time averaging both alternatives will give more or less the same results. Therefore, we support Alt. 2 because it provides more resources for measurements.
Proposal 3:
· The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS) can be used as IMR for SSS based RS-SINR.
Regarding the IMR for CSI-RS based RS-SINR, we support Alt. 1 because in Alt. 2 the OFDM symbol where CSI-RS is transmitted can be also used for data transmission from the same TRP. In this case, the noise plus interference measurement based on the whole OFDM symbol are biased significantly.
Proposal 4:
· The CSI-RS REs used for the RSRP measurement can be used as IMR for SSS based RS-SINR.


4. Discussion on wider bandwidth for RSSI compared to RSRP in RSRQ measurement
The following definitions were given to CSI-RSRQ and SS-RSRQ in the last meeting [1]:
	Agreements:
· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.
· FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.
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.


In the definition of CSI-RSRQ, we don’t see any need in support different bandwidths for measurements in the numerator (NCSI-RSRP) and denominator (CSI-RSSI). According to current definition for CSI-RSRQ, the wider bandwidth is required only for CSI-RSSI. But to obtain wideband CSI-RSSI measurements, it is sufficient to simply configure wideband CSI-RS.
Proposal 5:
· CSI-RSSI measurement BW is identical to configured CSI-RS measurement BW.

For SS-RSRQ the situation is different because the bandwidth of SSB used for SS-RSRP measurements cannot be configured. At the same time, wider measurement bandwidth for SS-RSSI does have benefits because it allows to take into account more signals/channels other than SSB for better estimation of the system load. Therefore, we would like to keep the measurement bandwidth up to UE implementation with the limitation that corresponding measurement accuracy requirements (defined by RAN4) have to be fulfilled. For example, SS-RSRQ minimal requirement can be set considering the bandwidth of SSB. The same bandwidth can be used when there is no any signaling available regarding DL BWP from the target cell, e.g., during inter-frequency measurements in IDLE mode. For IDLE mode intra-frequency measurements, it’s possible to use the initial active DL BWP for SS-RSSI measurements. Finally, the UE in CONNECTED mode, in principle, can measure the whole configured DL BWP. 
Proposal 6:
· Measurement bandwidth used in SS-RSRQ definition is up to UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

5. Clarification of RSRP Definition with respect to Rx beams
In RAN1 NRAH#3, there was a discussion on how to capture the Rx beam aspects into the RSRP definition. The following agreements were taken [2]:
	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



First of all, we should acknowledge that taking measurement for each Rx beam implemented by the UE may require separate time resource to perform measurements, due the very nature of analog beamforming. This means that if the UE has many Rx beam implemented, and the UE is required to make measurements on all the implemented Rx beams, the overall measurement period could get quite long and prohibit such implementation from the beginning. Therefore, we strongly suggest that Rx beams selected by the UE for RRM measurements be UE implementation specific and do not mandate to always perform measurement of all Rx beams, as in Alt. 2 when the selected set is the set of all RX beams needed to be measured in order to get the best beam.
In this light, Alt. 1 is unclear to us because it also requires to measure each RX beam from the selected set in order to obtain the average of the measurements and therefore is similar to Alt. 2. If understanding of the average in Alt. 1 is to use a kind of quasi-omni RX antenna pattern, it is questionable to us how to provide the reliability of quasi-omni beam measurements, e.g., sufficient range.
To allow flexibility in Rx beam selection for measurement and provide the basic level of reliability, we propose to add the following text to the RSRP measurement definition. The RSRP measured in the physical layer goes through not just L1 filtering but also L3 filtering before it is report to the network. In order to no break the continuity of the RSRP measurement in the filter bank, it would be in the best interest of the UE to have consistent reporting of the RSRP. Otherwise, the L1 and L3 filtering operations would destroy reporting of RSRP values through form of averaging. So we do not believe strict enforcement of measurement stability is not needed for the UE as long as UE is providing s stable measurement results that the network could use to compare values from different cells. Therefore, our preference is that which Rx beam is used for measurement is explicitly not mentioned in specification to provide implementation flexibility.
Proposal 7:
· Proposed to add the following description to RSRP definition:
· If the receiver beamforming is in use by the UE, RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported RSRP value shall not be lower than the corresponding RSRP of any of the individual receiver branches.

6. Discussion on the configuration of CSI-RS for L3 mobility with 2 ports
Regarding the configuration of CSI-RS for L3 mobility, the following agreement was made in the previous RAN1 meeting [1]:
	Agreements:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility 



In this section we clarify how to define measurements when CSI-RS for L3 mobility is configured with two ports. For that purpose we use the same approach taken in LTE for RSRP definition. According to [3], if the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP. Similarly for CSI-RSRP in NR, if the UE is configured with two-port CSI-RS resource it may use both ports to determine CSI-RSRP.
Proposal 8:
· If the UE is configured with two-port CSI-RS resource, UE may use both ports to determine CSI-RSRP and the reported 2 port CSI-RSRP shall not be lower than any one of the CSI-RSRP from each port.



7. Conclusions
	In this contribution, we discussed the reference signal for SS block RSRP measurements. Our proposal is summarized as below:
Proposal 1:
· Introduce the default RSSI measurement period TRSSI defined as follows:
· TRSSI = min(WSMTC, M*TSS-slot)
· M is the number of slots, which can carry SS blocks within the SS burst set
· TSS-slot is the duration of the slot which can carry the SS block
· WSMTC it the SMTC window duration
· All OFDM symbols within TRSSI are considered as the default measurement time resources

Proposal 2:
· A set of slots for RSSI time-domain measurement resource is configured via bitmap which length is equal to the number of slots within SMTC window.
· A set of OFDM symbols in the configured slots include OFDM symbol #3 and #4.

Proposal 3:
· The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS) can be used as IMR for SSS based RS-SINR.

Proposal 4:
· The CSI-RS REs used for the RSRP measurement can be used as IMR for SSS based RS-SINR.

Proposal 5:
· CSI-RSSI measurement BW is identical to configured CSI-RS measurement BW.

Proposal 6:
· Measurement bandwidth used in SS-RSRQ definition is up to UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

Proposal 7:
· Proposed to add the following description to RSRP definition:
· If the receiver beamforming is in use by the UE, RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported RSRP value shall not be lower than the corresponding RSRP of any of the individual receiver branches.
[bookmark: _GoBack]Proposal 8:
· If the UE is configured with two-port CSI-RS resource, UE may use both ports to determine CSI-RSRP and the reported 2 port CSI-RSRP shall not be lower than any one of the CSI-RSRP from each port.
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