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1. Introduction
“Idle mode RS” are used for RRM measurements by both IDLE mode and CONNECTED mode UEs, according to the following agreements.
From RAN1#88:
	Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement



	Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
Detection of neighbor cell for measurement is based on NR-SS


In RAN1#88bis, DMRS for PBCH was agreed:
	Agreements:
· [...]
· SSS sequence length: 127
· [...]
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· [...]


The necessity of CONNECTED mode detection and measurements on IDLE mode RS is also discussed in [2].
2. SS block RSRP
The SS block RSRP is the RSRP on the Idle mode RS, as agreed in RAN1#88bis:
	Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows
· Define SS block RSRP and CSI-RS RSRP as
· SS block RSRP : measured RSRP from SSS
· FFS additional use of PBCH-DMRS for measurement 
· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode


Furthermore, DMRS for PBCH was agreed:
	Agreements:
· [...]
· SSS sequence length: 127
· [...]
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· [...]


However, it is still open whether the SSS and PBCH-DMRS share antenna port. If they would, it is natural to consider including the PBCH-DMRS into the Idle mode RS. Including PBCH-DMRS into the Idle mode RS could potentially improve SS block RSRP one-shot measurement accuracy, depending on the PBCH-DMRS density and bandwidth. 
Observation 1: Including PBCH-DMRS into the Idle mode RS could potentially improve SS block RSRP one-shot measurement accuracy.
However, in order to allow a UE to average across SSS and PBCH-DMRS, the transmit power per RE ratio between SSS and PBCH-DMRS needs to be considered. In some scenarios, the network may employ full power boosting of SS blocks, not transmitting anything else during SS blocks. Given that the PBCH bandwidth is more than twice the SSS bandwidth, the average transmit power per RE of the PBCH could be less than half the transmit power per RE of the SSS. Whether such power boosting is possible also depends on if other signals need to be transmitted during SS blocks in at least some SS burst sets, such as paging and remaining system information. However, even if the average transmit power per RE of the PBCH is less than that of SSS REs, the transmit power per PBCH-DMRS RE could be the same as that of SSS REs, if compensated by lower transmit power per PBCH data RE. It should be noted that a UE doesn’t know if the network is power boosting SS blocks or if the SS blocks share transmit power with simultaneous other transmissions, e.g. data. If the PBCH-DMRS is included into the Idle mode RS, the transmit power per RE ratio between SSS and PBCH-DMRS needs to fixed in the specification. If the PBCH-DMRS is not included in the Idle mode RS, then the ratio doesn’t have to be known by UEs.
Observation 2: The transmit power per RE ratio between SSS and PBCH-DMRS needs to fixed in the specification if PBCH-DMRS is included in the Idle mode RS.
Assuming that PBCH uses QPSK modulation, UEs might not necessarily need to know the transmit power per RE ratio between the RS and data REs. Therefore, fixing the transmit power per RE ratio between SSS and PBCH-DMRS may still leave some freedom to adapt the relative total transmit powers of SSS and PBCH. However, the impact on PBCH performance of an unknown transmit power per RE ratio between PBCH-DMRS and PBCH data may need further study, for instance the impact of an unknown SINR on the data REs. A simpler approach would be to fix all power per RE ratios of SSS, PBCH-DMRS and PBCH data, with the (minor) drawback that the maximum SSS power boosting would be reduced by about 3 dB.
In our contribution on PBCH design [1], we see benefits on PBCH performance to allow SSS to be used as RS for PBCH. Hence, we propose that SSS and PBCH-DMRS share antenna port. Even if they do, it is not necessary that the transmit power per RE of SSS and PBCH-DMRS is the same.
Observation 3: If the SSS and PBCH-DMRS share antenna port, they may use different transmit power per RE, but with a fixed ratio.
Given the benefits to PBCH performance to let SSS and PBCH-DMRS share antenna port and that fixing the transmit power per RE ratio between SSS and PBCH-DMRS in the specification seems feasible, we propose the following:
Proposal 1: PBCH-DMRS is included in Idle mode RS.
3. SS Burst Set Configuration
In general, the configuration of an SS burst set may include:
· SS burst set periodicity
· Time window for SS detection (in relation to the timing of the cell on which the SS burst set configuration is transmitted)
· Position(s) of actually transmitted SS blocks with an SS burst set
· SS block repetition level (not agreed)
The SS block repetition level is the number of SS blocks within an SS burst set that the UE can assume are transmitted on the same DL Tx beam. For example, SS block repetition level 2 could indicate that SS block 0 and 1 are transmitted on the same beam, SS block 2 and 3 are transmitted on the same beam, etc. The benefits of supporting a configurable SS block repetition level include:
· Coverage extension: Repetition can be used as a complement to beamforming to extend initial access coverage.
· Measurement performance: With repetition level > 1, the UE can average multiple SS blocks per SS burst set to obtain a single beam-level quantity.
Proposal 2: The SS burst set configuration includes:
· SS burst set periodicity
· Time window for SS detection
· Position(s) of actually transmitted SS blocks
· SS block repetition level
In initial cell selection, the UE assumes the following (default) SS burst set configuration:
· SS burst set periodicity: 20 ms
· Time window for SS detection: 20 ms window (SS may be found any time)
· Position(s) of actually transmitted SS blocks with an SS burst set: All possible SS blocks are transmitted. The set of possible SS blocks and their positions may depend on the carrier (sync[footnoteRef:1]) frequency. [1:  The ”frequency carrier” in the agreement should refer to the synchronization raster frequency since the channel raster frequency may be unknown during cell search.] 

· SS block repetition level: 1 (no repetition assumed)
After camping on a cell the IDLE UE may obtain further configuration information regarding the SS burst set periodicity that is valid for the carrier (sync) frequency (agreed in RAN1#88):
	Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity
· NR should support set of SS burst set periodicity values for adaptation and network indication
Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]


It is beneficial to define an SS burst set periodicity (and time window) per carrier (sync) frequency, as agreed, since it can be used to find any cells on the carrier (sync) frequency without further information. Similarly, it may be beneficial to be able configure the position(s) of actually transmitted SS blocks per carrier (sync) frequency. If this information should be accessible to both IDLE and CONNECTED UEs, it can be included in the SI, e.g. in the “other SI”. The corresponding SIB may include not only the SS burst set configuration of the carrier (sync) frequency of the current cell, but also a list of the SS burst set configurations of other carrier (sync) frequencies (inter frequency).
Proposal 3: A list of SS burst set configurations, each valid for a carrier frequency, can be included in the SI, e.g. in the other SI. The configurations can be used by both IDLE and CONNECTED UEs.
Even though an SS burst set periodicity is defined for a carrier frequency, the network may choose to use a different SS burst set periodicity in a particular cell. For example, consider a carrier frequency on which 80 ms periodicity is configured. This periodicity is generally used by IDLE and CONNECTED UEs for cell search and RRM measurements. However, the network may choose to use 20 ms in a particular cell, for example to support higher mobility or to support initial cell selection in the area covered by the cell. It would be beneficial for IDLE UEs camping on the cell and for CONNECTED UEs served by the cell to be informed of this higher SS burst set periodicity.
Furthermore, it has been agreed that the position(s) of actually transmitted SS blocks of a particular cell can be informed to at least CONNECTED mode UEs (agreed in RAN1#88):
	Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
FFS how to signal the position(s)


And further in RAN1#88bis:
	Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.


During cell search, the information on the position(s) of the actually transmitted SS blocks may not be very useful. However, after cell detection both IDLE and CONNECTED mode UEs need to monitor the cell-level quantity of detected cells. This involves measuring all beam-level quantities to derive the cell-level quantity from the beam-level quantities. Given that the maximum number of SS blocks for some frequencies is quite high, e.g. up to 64, the total amount of beam-level quantities that have to be measured for the monitored cells can be high. However, in many cases cells transmit significantly fewer SS blocks than the maximum number. Hence, by providing this information to both IDLE and CONNECTED UEs, they can significantly reduce their measurement effort. 
For random access, an association between SS blocks and RACH resources in a cell can be configured, in our view in the remaining minimum SI. It is not meaningful to define associations from not transmitted SS blocks to RACH resources. Therefore, it is reasonable to inform UEs of the position(s) of the actually transmitted SS blocks together with the random access configuration, which defines these associations.  
Proposal 4: The position(s) of actually transmitted SS-blocks can be informed to both IDLE and CONNECTED UEs, in the remaining minimum SI for the cell’s information, and in the other SI for neighbor cells’ information.
In addition to the SS burst set periodicity and the position(s) of the actually transmitted SS blocks, it may be useful to inform both IDLE and CONNECTED UEs if a particular cell uses SS block repetition. This may be useful for extending initial access coverage as well as for improved measurement accuracy and reduced measurement effort. Considering the aspects discussed above, we propose to support including a cell’s SS burst set configuration in the cell’s remaining minimum SI. It should also be possible to include the SS burst set configurations of neighbor cells in the other SI.
Proposal 5: A cell’s SS burst set configuration can be informed in the remaining minimum SI.
Proposal 6: A list of neighbor cells’ SS burst set configurations can be informed in the other SI.
It should also be possible to UE-specifically configure a CONNECTED UE with the SS burst set configuration of a serving or neighbor cell. 
Proposal 7: UE-specific SS burst set configuration of a serving or neighbor cell is supported.
To summarize, an IDLE or CONNECTED mode UE camping on or served by cell X may follow the priority order described below when determining the assumption on the SS burst set configuration of a particular cell Y (step 1 not available to IDLE):
1. If received, use UE-specific SS burst set configuration of cell Y received from cell X.
2. Else, if received, use SS burst set configuration of cell Y=X obtained from the remaining minimum SI of cell Y=X.
3. Else, if received, use SS burst set configuration of neighbor cell Y≠X obtained from the other SI of cell X.
4. Else, if received and valid, use stored SS burst set configuration of neighbor cell Y, obtained for instance from the other SI of a previous cell.
5. Else, if received, use SS burst set configuration assumption valid for carrier (sync) frequency of cell Y.
6. Else, use the default SS burst set configuration (as used during initial cell selection)
Proposal 8: UEs use the following priority when selecting SS burst set configuration assumption: UE-specific configuration, cell-specific configuration, carrier frequency specific configuration, default configuration.
Measurements configurations are also discussed in more detail in our RAN2 paper [3].
4. Conclusions
The following was proposed above: 
Observation 1: Including PBCH-DMRS into the Idle mode RS could potentially improve SS block RSRP one-shot measurement accuracy.
Observation 2: The transmit power per RE ratio between SSS and PBCH-DMRS needs to fixed in the specification if PBCH-DMRS is included in the Idle mode RS.
Observation 3: If the SSS and PBCH-DMRS share antenna port, they may use different transmit power per RE, but with a fixed ratio.
Proposal 1: PBCH-DMRS is included in Idle mode RS.
Proposal 2: The SS burst set configuration includes:
· SS burst set periodicity
· Time window for SS detection
· Position(s) of actually transmitted SS blocks
· SS block repetition level
Proposal 3: A list of SS burst set configurations, each valid for a carrier frequency, can be included in the SI, e.g. in the other SI. The configurations can be used by both IDLE and CONNECTED UEs.
Proposal 4: The position(s) of actually transmitted SS-blocks can be informed to both IDLE and CONNECTED UEs, in the remaining minimum SI for the cell’s information, and in the other SI for neighbor cells’ information.
Proposal 5: A cell’s SS burst set configuration can be informed in the remaining minimum SI.
Proposal 6: A list of neighbor cells’ SS burst set configurations can be informed in the other SI.
Proposal 7: UE-specific SS burst set configuration of a serving or neighbor cell is supported.
Proposal 8: UEs use the following priority when selecting SS burst set configuration assumption: UE-specific configuration, cell-specific configuration, carrier frequency specific configuration, default configuration.
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