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1	Introduction
RAN1 made the following agreement in June AH:
Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

RAN2#AH2 agreements on measurement configuration:

Agreements
1: 	In NR, each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object.
2:	In NR, a list of 'blacklisted' cells can be configured as part of the measurement object. 
3	A list of 'whitelisted' cells can be configured as in LTE
FFS Whether the whitelisted cells are part of the measurement object as in LTE or moved to some other part of the measurement configuration.
4	For NR-SS based RRM measurement, SS burst set periodicities can be configured. 
FFS	Maximum number of possible periodicities (1 or more) per carrier. To be concluded after considering LS from RAN1.
5: NR-SS configuration for CONNECTED UE can be provided by dedicated signalling. 
6: CSI-RS measurement configuration is provided via dedicated signalling. 







2	Discussion

2.1	RSRP definition for SS-Block
It has been agreed in RAN1 that there will be a measurement metric based on the SSS signal of the SS-Block. Such metric was referred to as SS-Block-RSRP. 
UE performs one SS-Block-RSRP measurement per SS-Block. The definition of NR RSRP different SS-Block-RSRP measurement defines a single physical SS-Block-RSRP measurement. There is no averaging between different SS-Block RSRP measurements in time domain included in the metric definition. I.e. reported SS-Block-RSRP measurement is based on one or more samples obtained on SS blocks that have same index.
[bookmark: _Ref490163418]Proposal 1: SS-Block-RSRP metric is defined based on measurement from a single SS-Block.
Next question is how to average the power contribution of each RE carrying the SSS-signal. We propose to use average power of the REs carrying the SSS signal in the SS-Block-RSRP definition.
[bookmark: _Ref490163419]Proposal 2: Use SSS REs contained in one SS-Block to derive the SS-Block-RSRP.
[bookmark: _Ref490163420]Proposal 3: Use average of the power contribution of the REs carrying the SSS signal in the SS-Block-RSRP definition
In the LTE definition of RSRP it is determined that for receiver diversity reception the valued reported should not be lower than the value that could be obtained from any individual branch. It is expected that similar definion would be allos applicable in case of NR. In addition to this, when we start to look more OTA type of requirments and practical operation of devices with multiple, directive RX panels there would be need to consider how these area accounted in reported SS-Block-RSRP values. I.e. there would be a need to consider how the results obtained by UE from different RX beam configurations should be accounted in definition of SS-Block-RSRP. Hence similarly as could be considered with the different RX diversity branches, UE could obtain different SS-Block-RSRP values from individual RX beam configurations (or panels) i.e. using different spatial filtering. There are different ways how the reported value would be formed from, for example, measurements made over 4 different spatial RX filter configurations. One approach could be that the received value could be averaged over samples obtained different spatial filters, while other would be to select some sub-set of the obtained results. As from mobility perspective we are mostly interested on the ‘best’ link, it would seem preferable that somewhat similar approach is taken as has been used for RX diversity in case on LTE. I.e. the reported SS-Block-RSRP value would not be lower than the value obtained from any individual RX spatial filter configuration at the UE.
[bookmark: _Ref490219927]Observation 1: The definition of the reported SS-Block-RSRP value should also consider the operation of UEs with multiple directive RX beams.
[bookmark: _GoBack]2.2	Need for Additional Measurement Quantities

Different type of quality measurements have been introduced to LTE, for example RSRQ and SINR for mobility purposes [36.214] and CSI for data scheduling. In context of mobility RSRQ has been considered to be used to obtain some understanding of the loading situation of the frequencly 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. Due to the nature of PS based systems, the resource utilization in a given cell has typically rather dynamic with time varying charasteristics and bursty structure (depending on the traffic model). Also OFDM leads to frequency varying resource utilization when packet scheduler tries to reap the benefits of frequency selectivity. 
In introduction of NR same type of traffic charasteristics, and similar time and freuquecny 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 definintion how the interference part i.e. RSSI, is measured determines the usability of the quantity. In the light of earlier considered use cases, load and quality, this may lead to some level of difference in how the measurement would be carried out. 
[bookmark: _Ref490162177]Observation 2: When defining a measurement quantity for estimating metrics quality, definition needs to be carefully considered so that measurement provides meaningful information
If the target of the measurement quantity would be to obtain some estimate of the prevailing load condition on a given layer (at the proximity of the UE), it would seem necessary to obtain some longer time domain estimate over sufficiently wide frequency band to filter out the short term variation due to traffic charasterstics and packet scheduling. This kind of averaging can mostly be done by over multiple measurement samples gathered for example from given SS block over several SS burst set periods, but timing of symbol level samples should also accounted. Looking in the LTE RSRQ definition as example [36.214], the RSSI measurement is defined, depending on higher layer signalling, to be performed either only on OFDM symbols carrying the reference symbols (port 0) or from all OFDM symbols (of the measurement sub-frames). Considering similar realisation for NR, this would result measuring the RSSI for example on the symbol carrying the NR-SS or all/most of the symbols of SS block. Now as well known from LTE where CRS contribution to RSSI was considered, the impact of serving cells SS block signal would introduce a bias to the measured RSSI, if measured on overlapping symbols. As the SS block signals are contained in frequency, the bias would depend on the used/allowed measurement bandwidth. Hence if the symbols used for RSSI determination are contained within the SS block duration and bandwidth, the viability for example of the load estimate could be somewhat limited.
[bookmark: _Ref490219932]Observation 3: SS block signals are contained in frequency, and if the symbols used for RSSI determination are contained within the SS block duration and bandwidth, the viability of the load/interference estimate could be somewhat limited.
When considering the spatial domain, namely the UE RX beam, two alternative approaches could be considered. Estimaing the load condition on a given frequency layer, it could seem preferable to have also wider sample in spatial sense so that load conditions over different directions could be accounted. Of course, it could be considered that as spatial filtering will be applied/benefitted later on in the data scheduling, carrying out the measurements only based on the best beam-link pair, i.e. using the RX beam configuration that is used for example maximise the related RSRP for a given SS block. 
When considering measurments needed to obtain estimate of the quality for mobility purposes, this usually is considered as a longer term approximation of the quality, versus relatively short term quality for which CSI acquisition is targeted. Hence like in case of estimating the load condition, it would seem that some time domain averaging would be needed. Also like noted for load estimation the excat time location in terms of symbol could affect the perceived quality, at least if RSSI based estimate is used. If SINR type of estimate is considered the used symbols and RE’s would also affect depending on the timing relation to other, interfering cells. As the interference distribution in frequency domain could be expected to vary, the measurement sample should be able to reflect sufficient (or the desired) bandwidth and location. Naturally for SINR type of measurement the bandwidth can only be varied withing the available signal RE’s. From quality perspective, used spatial RX filtering can be bit more ambiquitious. It could be considered that the interest is to obtain the best value, which could results, in certain scenarios, using different spatial RX filter compated to the case where only RSRP value would be maximized. It could be determined that use only the “best RSRP beam” i.e. use same spatial filter as is used to obtain the (maximum) RSRP for a given SS block for consistency purposes, but there could in certain (rare) scenarions that some information is lost.
[bookmark: _Ref490219933]Observation 4: For spatial domain charasteristics, it may be sufficient to contrensate to values that can be obtained through same RX spatial filtering as used for RSRP. 
As NR is typically considered scenario is synchronous deployement, it could be that SS blocks of neigbouring cells would collide in time (if same candidate SS block time locations are used and the frequency location is agreed to be overlapping) and therefore the obtained result would not neccesarily reflect the typical interference seen for example by data. Of course the actual level observed would depend on the spatial filtering applied in gNB or in UE, which, like noted is also time varying parameter for data. Hence, depending on the deployment, neighbour cell SS block transmission could introduce bias to the measurements. In difference to LTE, depending on the overlap (or lack of it) in used beams to transmit the SS block, the bias could be positive or negative. This would apply to both, RSRQ style and SINR style of measurements. 
[bookmark: _Ref490219934]Observation 5: Bias caused by time overlapping SS blocks depends on the applied spatial TX filtering.
In overall it can be seen that, when the spatial variation is introduced on top of time and frequency domain changes, it can be somewhat challenging to obtain measurement results that realiably reflects the expected average link quality or load conditions from data perspective. Therefore it would be useful to consider if and how the measurement quantities should be defined to make obtaining the targeted metric feasible. For example, when considering the load estimation, there are few different options that could be use considered to improve the estimate, dicussed below. 
[bookmark: _Ref490162181]Observation 6: With spatial variation on top of time and frequency domain changes, it can be challenging to obtain measurements that realiably reflect the expected average link quality or load conditions for data reception
The possible SS block time location patterns for different subcarrier spacings were agreed in RAN1 NR AH#2. As an example one additional dimension that could be considered in NR would be that UE, if configured, would measure and average the obtained RSSI over all the SS block locations used by the cell, or some other subset of all possible SS block locations. This could be useful averaging the load that could be seen in spatial domain. Of course, if analog or hybrid beam forming is considered, the cells that transmit SS blocks would not be transmiting data at the same time to multiple directions (nor at same frequency location in any scheme).
Other option could be to consider the symbol level placement of the RSSI measurement. Considering the SS block mapping to the slot agreed in RAN1 NR AH#2, at the start of the slots few symbols were left free to be used for PDCCH. As these could be consided to better reflect the actual load situation, one option could be that in those slots where UE measures the SS RSRP, it would also estimate the RSSI over the 0th and 1st symbols (of 14 symbol slot). 
[bookmark: _Ref490219935][bookmark: _Ref490163421]Observation 7: With the help of predefined SS block patterns, the measurement time/symbol occasions of RSSI type of measures could be extended outside the given SS block duration.

2.3	Measurements in C-DRX
In LTE, when UE is configured with connected mode DRX, the measurement period requirement is relaxed from the default value (e.g. 200ms for intra-frequency). Measurement period depends on the length of the configured DRX cycle as specified in 36.133. Similarly the requirements for detection of a new cell are also extended. 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, 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, 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]Observation 8: Amount 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 be overlapping 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 was was not precluded per se, but at least RSRP measurements could be done during on duration. 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, if deemend sufficiently larger. 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 singnal transmission) to the attainable power saving from DRX should be further evaluated, accounting also the UE side RX beam sweeping.
[bookmark: _Ref490219937]Observation 9: 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]Proposal 4: C-DRX mobility measurement requirements in NR need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping

3	Conclusion

Observation 1: The definition of the reported SS-Block-RSRP value should also consider the operation of UEs with multiple directive RX beams
Observation 2: When defining a measurement quantity for estimating metrics quality, definition needs to be carefully considered so that measurement provides meaningful information
Observation 3: SS block signals are contained in frequency, and if the symbols used for RSSI determination are contained within the SS block duration and bandwidth, the viability of the load/interference estimate could be somewhat limited.
Observation 4: For spatial domain charasteristics, it may be sufficient to contrensate to values that can be obtained through same RX spatial filtering as used for RSRP.
Observation 5: Bias caused by time overlapping SS blocks depends on the applied spatial TX filtering.
Observation 6: With spatial variation on top of time and frequency domain changes, it can be challenging to obtain measurements that realiably reflect the expected average link quality or load conditions for data reception
Observation 7: With the help of predefined SS block patterns, the measurement time locations of RSSI type of measures could be extended outside the given SS block duration.
Observation 8: Amount relaxation of measurement requirements in C-DRX may depend on the carrier frequency
Observation 9: C-DRX mobility requirements in NR would need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping.

Proposal 1: SS-Block-RSRP metric is defined based on measurement from a single SS-Block.
Proposal 2: Use SSS REs contained in one SS-Block to derive the SS-Block-RSRP.
Proposal 3: Use average of the power contribution of the REs carrying the SSS signal in the SS-Block-RSRP definition
Proposal 4: C-DRX mobility measurement requirements in NR need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping
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