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1	Introduction
The signals and procedures related to the SS block RSRP measurements have been discussed in past meetings. Follwing agreements and conclusions were made in RAN1#89:
	Agreements:​
· RAN1 assumes at least SSS is used for SS block RSRP​
· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS

Conclusions:​
· RAN1 should conclude one or multiple SS burst periodicity and the timing for UE RRM measurement per frequency carrier if indicated in the next meeting




In this contribution we continue the discussion on these aspects. 
2	Power Offset of NR-SSS and PBCH DMRS


In RAN1#89 it was discussed that PBCH-DMRS can be used for SS block RSRP if the power offset between NR-SSS and PBCH DMRS is known. There could be considered to have two options for the possible power offset between SSS and NR-PBCH. If all power can be allocated to NR-SS and no other transmissions/channels are FDM’d to same symbols the NR-SSS power could be up to 3dB higher than PBCH due to difference in signal bandwidth. This difference in EPRE could be used to enable improved cell detection performance. Also the increased power could contribute to the NR-PBCH detection performance.  Now based performance evaluations carried so far it would seem that when equal PSD/EPRE is assumed, the detection performance is at the same level. In case of NR-PBCH it should also be possible to consider inter SS burst set combination (within NR-PBCH TTI) to improve the performance, but this may not be a general case and cannot always to be assumed. 

However there could be some benefit to allow applying higher EPRE on the SSS to enhance the cell detection performance. Alternatively, in certain deployment it could be beneficial to support an option to FDM transmission with NR-SS thus there would be a need to reserve power for these signals, and it would be possible to have higher EPRE for  NR-SS.  
To support both options the offset should be configurable at least per frequency layer but potentially also per cell. In scenarios, where UE is not aware of the possible offset between EPRE of SSS and NR-PBCH DMRS, UE should not of course use NR-PBCH DMRS for the determination of SSblock-RSRP. In LTE similar approach was taken for the transmit diversity scheme and possible use of R1 (in addition to R0), so that if UE can reliably determine the presence of the additional CRS port, it may use it for RSRP measurement.
As the power offset may be difficult to determine by the UE autonomously, we consider in following sections the options to deliver the information to the UE. Note that to simplify the signaling, it is considered only two options for the power offset between SSS and PBCH DMRS, 0dB and 3dB.

[bookmark: _Toc485391878][bookmark: _Ref485391922]Proposal 1: Allow network to choose the power offset between NR-SSS and NR-PBCH DMRS.

2.3. Idle/Inactive
To support the use of PBCH DMRS for Idle/Inactive measurements, the power offset would be potentially need to be broadcasted in system information, most likely in MSI/RMSI, so that UE is able to measure SSblock-RSRP correctly. 
In previous RAN1 meeting [2] we provided simulation results for absolute accuracy when performing RSRP measurements based only on NR-SSS. Results indicated that with 2 samples we are able to reach at least the LTE RSRP accuracy requirement (accounting 2 dB RF margin). RSRP accuracy requirements or the minimum number of samples per measurement are not yet decided in NR (under RAN4 jurisdiction) but it may be a fair assumption based for example to LTE that UE would be required to perform at least 2 measurements during a measurement period (at least 2 samples) thus there may not be a need for using PBCH DMRS for SSblock-RSRP at least for idle/inactive mode measurements.  Hence it could be considered that for IDLE/Inactive mode measurements, UE would not be required to be provided with the offset used in the cell. To avoid using broadcast channel resources for indicating the power offset UE could be signalled with frequency layer specific power offset indication which can be used in idle/inactive but this would prevent cell specific configuration. 

2.2. Connected Mode

For connected mode UE, the power offset could be indicated by dedicated signalling for the serving cell and/or neighbouring cell for example as a part of the measurement configuration. In case the NR-SSS Connected mode UEs could benefit from having more accurate SS block measurements thus the use of PBCH DMRS could be beneficial. Also in this case, if the power offset is not known for specific UE cannot use the PBCH DMRS for SS block RSRP.
[bookmark: _Toc485391879][bookmark: _Ref485391925]Proposal 2 UE in idle and inactive mode would use only NR-SSS for SS Block RSRP. 
[bookmark: _Toc485391880][bookmark: _Ref485391927]Proposal 3: Power offset can cell specific and cell specific value is signalled via dedicated signalling to UE. 
[bookmark: _Toc485391881][bookmark: _Ref485391929]Proposal 4: UE in connected mode can utilize PBCH DMRS for more accurate measurements if the power offset is known. 
3	SS Burst Set configuration for SSblock-RSRP
3.1 Multiple SS burs set periodicities
RAN1 discussed in the previous meeting whether the could be multiple SS burst set periodicities per frequency layer. One potential scenario where multiple periodicities would be beneficial is the initial cell search scenario i.e. when UE powers on and starts searching network. As an example, one cell could be configured to use 20ms SS burst set period while other cells use 80ms periodicity (depicted in Figure 1). For initial cell selection is has been agreed that UE would assume 20ms SS burst set periodicity, thus in locations where it is expected that large number of UE’s would be doing initial cell selection it could be beneficial to be able to apply shorter SS burst set periodicity, than needed in most locations. 
To enable this kind of operation, it should be clarified what is the expected UE operation after the initial cell selection, when UE has obtained the access to the network and has additional information of the network configuration. As UE is expected to be provided with information of the used SS burst set period (and related location of the SS burst set), two high level approaches could be considered. 
The simplest approach in some terms, could be to determined that UE will be only provided with the lower periodicity (e.g. 80ms in Cell2 as in Figure 1) to be used for RRM measurements and the UE could basically neglect the additional (more frequent) transmissions. For RRM measurements and mobility, if the less frequent periodicity (e.g. 80ms) has been deemed to be sufficient from mobility perspective in the given deployment scenario, there should not be any actual need to consider additional periodicity. Of course, having information of the possible more frequent periodicity could be used to improve the accuracy in such cells, but the related evaluations would need to follow the longest period and as a baseline it should be possible to operate on the longer period. From neighbour cell measurement perspective where target cell could have more frequent (e.g. Cell1) or less frequent (e.g. Cell2) would be target, it also could be considered that if the RRM measurement and evaluations are based on the longer period, and UE’s are aware of the period and related SS burst set window, the would not be any absolute need to provide the information about the more frequent SS block transmissions. 
[bookmark: _Ref485391989]Observation 1: In case increased the SS burst set periodicity is applied on selected cells, it should be possible to operate at least based on the longer SS burst set periodicity.
If full benefit of the more frequent SS block transmission is desired, it would imply that UE would need to be provided information regarding the used periodicity in cell specific or in cell group specific manner. This approach would enable faster detection of those neighbouring cells that transmit SS block more frequently, and improve the accuracy of the RRM measurements compared to those cells that have longer SS burst set periodicity. This could however complicate the UE procedures for cell detection, and as noted in above this might not be clearly needed as the mobility in the given deployment should work with the longer periodicity. Of course, there could be different kind of cells on the same frequency layer, e.g. having higher and lower level of user mobility, and mandating cells with lower mobility to have unnecessary short SS burst set period would not be energy efficient. In this kind of scenario it would need to be carefully considered, whether the need for more frequent mobility RS could be at least for Connected mode operation be covered by CSI-RS, thereby avoiding the complications of operating in terms of RRM measurements with multiple periodicities.
[bookmark: _Ref485391992]Observation 2: In deployments where different level of mobility support is needed case, it should be considered to use CSI-RS to facilitate at least the Connected mode mobility. 
In different kind of scenarios, it could be considered to have more frequent SS block periodicity for example to facilitate P-1 beam management. E.g. it could be considered that network could transmit on certain cells SS blocks more frequently to facilitate beam tracking and management, while the RRM measurements would be based on less frequent periodicity. Now, this does not seem efficient use of SS blocks as CSI-RS could be configured to the UE to be used for beam management procedures, giving larger flexibility and lower overhead.
[bookmark: _Ref485391994]Observation 3: For beam management perspective, CSI-RS would offer more efficient method to introduce RS with different periodicities.
[bookmark: _Toc485391882][bookmark: _Ref485391930]Proposal 5: Network can use different SS burst set periodicities in different cells, but UE can assume only one SS burst set periodicity from RRM measurement perspective.
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[bookmark: _Ref485152913]Figure 1. Different SS burst set periodicities between two intra-f cells

It has been agreed that at least for the for the serving cell UE would need to be provided with information related to the actually used SS blocks (for data reception). Now, in case the serving cell has more frequent transmission of the SS blocks, the need to inform this to the UE would depend on several factors, like number of symbols available for DL control in those slots where SS blocks are mapped and if larger number of DL symbols is needed in the given cell. From data perspective, as flexible slot (mini-slot) should allow scheduling around the SS block transmission thus there might not be need to inform the UE. In general the need depends on the method how the SS block transmission is to be accounted in other signals.
[bookmark: _Ref485391998]Observation 4: If the increased SS burst periodicity affects for example the DL control reception, there may be a need to provide Connected mode UE information about the presence of more frequent SS burst set transmission.

3.2 SS burst set offset

[bookmark: _GoBack]RAN1 has agreed that all the SS burst set (i.e. all intended SS blocks of a cell) are transmitted during 5ms period. The possibility of having UE configured with multiple periodicities and/or offsets were discussed in RAN1#89.  Like discussed in previous section, from RRM perspective operating with single periodicity could be deemed sufficient. Possibility of having single periodicity with different offsets in different offsets could however have other use cases.

The concept of different SS burst set offset is illustrated in the Figure 2. Two cells, Cell1 and Cell2 have equal SS burst set periodicities but are having different offsets for SS burst set transmission. SS burst set transmission would have two possible 5ms windows. These locations can be referred with index #0 (= no offset) and index #1 (5ms offset). 

​ [image: ]
[bookmark: _Ref485149980]Figure 2. Illustration of SS burst set offset
This kind offsetting of SS burst set transmissions could be used to enable some level of interference avoidance between intra-frequency cells, where the SS-blocks of neighbours would be overlapping in frequency. In synchronous networks SS-blocks of neighbouring cells could always overlap in time, so it would be desirable to be able to multiplex different cells in time domain. Also a new study item for integrated access and backhaul links has been agreed in RAN#75 [3], where mechanism to support wireless backhaul/relays are studied. It would be desirable to enable smooth introduction of this feature, and also consider this kind of operation in the SS burst set design. Thus it can be considered that in deployments where self-back hauling is to be supported, enabling self-backhaul node to listen for the anchor/donor node SS-blocks in half-duplex manner, could simplify design and operation of such deployments. Hence being able to time multiplex transmission of SS burst set from different cells/nodes would ensure the more forward compatible design where different type of deployments can be supported. 
[bookmark: _Ref485392001]Observation 5: Enabling use of different offsets for SS burst set transmission would be beneficial to support intra-frequency interference management and self-back hauling.
When UE does initial cell selection and detects SS block it would need to determine the SS block time index in order know the radio frame timing. If UE knows the SS burst set periodicity and it detects the SS block it is able to carry out e.g. RSRP measurements without knowing the offset value since the specific SS block is transmitted with same periodicity. If, like shown in Figure 2, the offset can have two values, 0ms and 5ms, the offset would not affect to the SS block time index indication. 

[bookmark: _Ref485392002]Observation 6: Limiting possible SS burst set offsets to 0ms and 5ms would not complicate the SS block time index signalling.

It is already considered that UE would need to be provided the half frame timing (for example via MSI) and having SS burst set transmission to occur on either half could be expected by UE. Once UE has obtained access to the network, it would be provided information regarding SS burst set periodicity and the possibility of having two different offsets for the SS burst set transmission in the frequency layer. From RRM measurements perspective the concept of having two potential 5ms windows for SS burst set would mean that UE would need potentially 10ms measurement window for measurements. 

[bookmark: _Ref485392004]Observation 7: Enabling multiple offsets would imply longer measurement window for the UE.
[bookmark: _Toc485391883][bookmark: _Ref485391931]Proposal 6: Consider the concept of enabling two SS Burst Set Offset.

4	Conclusion
In this contribution we have considered different aspects related to the SSblock-RSRP measurements. In terms of use of NR-PBCH DMRS and the possible offset between NR-SS and NR-PBCH, with following observations and proposals:
Observation 1: In case increased the SS burst set periodicity is applied on selected cells, it should be possible to operate at least based on the longer SS burst set periodicity.
Observation 2: In deployments where different level of mobility support is needed case, it should be considered to use CSI-RS to facilitate at least the Connected mode mobility.
Observation 3: For beam management perspective, CSI-RS would offer more efficient method to introduce RS with different periodicities. 
Observation 4: If the increased SS burst periodicity affects for example the DL control reception, there may be a need to provide Connected mode UE information about the presence of more frequent SS burst set transmission.
Observation 5: Enabling use of different offsets for SS burst set transmission would be beneficial to support intra-frequency interference management and self-back hauling.
Observation 6: Limiting possible SS burst set offsets to 0ms and 5ms would not complicate the SS block time index signalling.
Observation 7: Enabling multiple offsets would imply longer measurement window for the UE.

Proposal 1: Allow network to choose the power offset between NR-SSS and NR-PBCH DMRS.
Proposal 2 UE in idle and inactive mode would use only NR-SSS for SS Block RSRP.
Proposal 3: Power offset can cell specific and cell specific value is signalled via dedicated signalling to UE.
Proposal 4: UE in connected mode can utilize PBCH DMRS for more accurate measurements if the power offset is known.
Proposal 5: Network can use different SS burst set periodicities in different cells, but UE can assume only one SS burst set periodicity from RRM measurement perspective.
Proposal 6: Consider the concept of enabling two SS Burst Set Offset.
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