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1	Introduction
In this contribution we discuss the open items related to the synchronization signal.
2	The power ratio of initial access signals
In RAN1 NR AH#18-01 the mapping of PSS, SSS and PBCH was clarified introducing separate symbol determining the scaling factor for SSS and PBCH DRRS, as implemented in [4]. It has also been agreed earlier that UE may assume that SSS, PBCH and PBCH DMRS have the same EPRE, as also clarified in [5]. In RAN1 meeting #92 possible power difference between PSS and SSS/PBCH was discussed and following agreement was reached [3]:
	Agreements:
· The UE may assume that the ratio of PSS EPRE to SSS EPRE is either 0dB or 3dB for a given cell

Discuss further till next meeting regarding power offset between SS/PBCH block and PDCCH
· No RRC signalling is necessary



the discussion was continued in RAN1#92bis and following agreement was reached:
	Agreements:
· In initial cell selection and idle mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range [X, Y]dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI
· FFS: value of X and Y and dependence on numerology
· |X| & Y are no more than 12




As already discussed during RAN1 NR AH#18-01 and revisited in the last meeting, the fixing the power difference with user specific PDCCH and SS/BPBCH block to a certain range may offer limited benefit from receiver perspective as these signals do not necessarily share any QCL assumptions, i.e. may be sent to different beams, and hence the power difference observed at the receiver may change depending on the spatial filtering applied. Therefore it would not seem feasible nor necessary determine fixed power difference between SS/PBCH block and generic PDCCH. 
Observation: It would not seem necessary to determine fixed power difference between SS/PBCH block and generic PDCCH.
Like raised in last meetings discussions, UE’s would in principle required to support scenarios where there could be signals intended for different users multiplexed in frequency domain (e.g. at PRB granularity) or even the case that PDSCH is multiplexed with SSB, while sent based on different (source) reference signals. Hence following the currently supported offsets between different signals, we can estimate how large power difference there could in principle be between the received signals. For the power control, ratio between SSB and (NZP) CSI-RS can be indicated by ‘powerControlOffsetSS’, and it supports values {-3,0,3,6}dB. Correspondingly, the power offset range between (NZP) CSI-RS and PDSCH/PDCCH DMRS is {-8…15}dB. Hence, considering case where SSB is (FD) multiplexed with PDSCH, the power offset could range between -9dB to 21dB. Thus, it would seem that UE should be, be able to handle situations with rather large offsets between channels.   


 In order to determine required range for the EPRE between PDCCH and (QCL’ed) SSS different factors need to be considered. Like raised in RAN1#92bis, the RSMI CORESET configuration and sub-carrier spacing (provided in PBCH) sets gives the bandwidth of the CORESET (={24,48,96} PRB). As these parameters are known, they could be accounted when determining the possible power difference range between SS/PBCH and the RMSI PDCCH. Assuming that fixed total power (e.g. at FR2) is used for the SS/PBCH block, the power offset between the PDCCH DMRS and QCL’ed SSS would range approximately from ~+7.1dB to +1.1dB assuming same subcarrier spacing. Of course, if the EPRE is targeted to be kept approximately on same level constant the baseline difference would be 0dB. Hence, as UE would not be able to know whether fixed total power or fixed EPRE is applied. 
Additional aspect affecting the EPRE difference range, is the used aggregation level (AL). It has been agreed that AL 4, 8 and 16 are supported for the Type0-PDCCH. Thus assuming sufficient number of RBs and symbols being allocated for the CORESET, it would be possible to multiplex several users to same space e.g. with CSS AL=4. The applied AL will depend on the needed capacity and coverage. The loss of coverage due to lower AL (than the maximum) could be compensated, to an extent, by applying power boosting to the RE’s used for the Type0-PDCCH, and correspondingly reducing the power allocated e.g. to other users in the CORESET. This is of course case dependent but it would not seem impossible to consider power split e.g. up to 3dB. So it would appear that the possible power difference between RMSI PDCCH DMRS and SSS would depend on the applied AL and user multiplexing, and it would appear that some additional range for power difference would need to be allowed. 
Observation: The expected power difference between SS/PBCH block and RMSI PDCCH would need to account the RMSI CORESET configuration, with an additional range to enable user multiplexing. 
Accounting the different configuration and deployment options supported by specification, as discussed above, it seems evident that sufficiently large power difference range needs to be supported. Noting also the agreement in RAN1#92bis, that only QPSK modulation is supported for broadcast PDSCH (and PDCCH uses QPSK), it would seem that possible clipping in received signal could be tolerated. Furthermore, assuming that the received signal power (at UE receiver) would include not only the power contribution from serving cell, but also from neighbor cells, it would seem that UE AGC would need to be designed to cope with varying scenarios. Hence, it would not seem necessary apply overly stringent requirements for the possible power difference between broadcast PDCCH and QCL’ed SSS.
Proposal: The EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range ]-6, 12[dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI. For other PDCCH’es (i.e. that are not QCL’ed or scrambled by different RNTI), there is no range specified.
3	On placement of SSB to synchronisation raster
In RAN1#92 (Athens) following agreement was made:
	[bookmark: _Hlk513728444]Agreements:
· For reception of cell defining SSB from the target PCell, frequency offset is not required. NR only supports cell defining SSBs of PCell that are always on the synchronization signal raster.
· For reception of SSB for the target SCell, frequency offset signaling will be required for SSB not on the synchronization signal raster.
· FFS the case of PScell


Consequently, in RAN1#92bis, the FFS for PSCell was closed:
	Agreements:
· For reception of SSB for the target PSCell, frequency indication will be required for SSB not on the synchronization signal raster.
· Send LS to RAN2 (R1-1805651, which is approved and final LS in R1-1805717) and ask RAN2 to provide feedback if any



In the attempt to reduce the UE search burden for initial cell selection, RAN4 has done that by reducing the SS raster density. This of course may result, that when the carrier bandwidth is restricted, less optimal placement for the SSB. This may have implications, like restricting the available initial access BWP width (to the minimum), complicating RS configurations (CSI-RS has to be on either side of the SSB if FDM). From this perspective it would be desirable to consider earlier RAN1 decision to require the PCell to be placed on the SS-raster.
Now it is of course evident that when UE is carrying out the PLMN search, i.e. initial cell selection, after a cold boot or long period of out-of-service, it does not have any apriori information available on the possible SSB locations, other than the SS raster locations determined by RAN4 in TS38.101. Hence, if SSB is not placed to the SS-raster, it cannot be expected to be found by UE during initial cell selection process.
Observation: In initial cell selection UE is expected to find only SSBs that are placed on valid SS-raster determined in TS38.101.
However, after UE has found a cell, performed attach to the network etc., UE will have more information of the placement of the cells, and the SS-raster is not applied anymore, as long as UE remains in service (i.e. in coverage of the system). CONNECTED mode UE’s are provided measurement configurations (in ‘MeasObjectNR’) including the SSB location in absolute frequency (ARFCN). This is required as it is supported that SCell and PSCell can be on any raster and not restricted to SS-raster locations. Hence, from RRC signaling perspective there is no restriction nor requirement to restrict the placement of PCell to SS-raster only. CONNECTED mode procedures themselves do not set any specific requirement in respective of the SSB raster placement. Following from the fact that PSCell and SCell, i.e. serving cells, can be placed on any raster, it is evident that UEs is able to detect and measure SSBs that are not placed on SS-raster. Therefore, as PSCell, SCell and PCell, can be identical from signal perspective (e.g. also SCell can have RMSI), it does not seem to be any restrictions from physical layer perspective requiring the PCell to be placed to SS-raster only, assuming that the location is informed to the UE.
Observation: From physical layer functionality perspective, there is no requirement for CONNECTED mode enforcing PCell SSB placement to be restricted to SS-raster. 
For IDLE mode mobility procedures, UEs is provided neighbouring cell information in system information, including the (absolute frequency) locations of the SSB for NR. From signaling perspective, as RAN2 has taken the approach to use the ARFCN to indicate SSB locations, there would not seem to be any reason to restrict the indicated locations to SS-raster locations. Equipped with this information UE should be able to perform cell detection, measurements and evaluation (of re-selection) for said SSBs, based on same baseline functionality as in CONNECTED mode. I.e. from physical layer perspective, there would not be any identified reason to require that these SSB of the serving cell in IDLE mode would need to be restricted to locations set by SS-raster defined TS38.101. Also noting that when UE would fall out of coverage, it would be rather likely that UE would in any case try to benefit from the information obtained from network to find service. 
Observation: From IDLE mode procedure perspective for physical layer, there does not appear to be any reason to restrict the serving cell SSB placement to only SS-raster locations.
Based on the aforementioned discussion and in the light of the currently supported functionalities, it is proposed to consider the earlier agreement, and allow, from RAN1 perspective, to place PCell SSB in CONNECTED and serving cell SSB in IDLE to any raster location:
Proposal: in the light of the currently supported functionalities, revisit earlier agreement and allow PCell in CONNECTED and serving cell in IDLE SSB to any raster location.
4	Conclusions
In this contribution we discussed about power difference between SS/PBCH block and PDCCH scheduling broadcast channels QCL’ed with SS/PBCH block. Based on the discussion we make following observations and proposals:
Observation: It would not seem necessary to determine fixed power difference between SS/PBCH block and generic PDCCH.
Observation: The expected power difference between SS/PBCH block and RMSI PDCCH would need to account the RMSI CORESET configuration, with an additional range to enable user multiplexing. 
Proposal: The EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range ]-6, 12[dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI. For other PDCCH’es (i.e. that are not QCL’ed or scrambled by different RNTI), there is no range specified.
Furthermore, in Section 3, we discuss the SSB frequency domain placement restrictions, and make following observations and proposals:
Observation: In initial cell selection UE is expected to find only SSBs that are placed on valid SS-raster determined in TS38.101.
Observation: From physical layer functionality perspective, there is no requirement for CONNECTED mode enforcing PCell SSB placement to be restricted to SS-raster. 
Observation: From IDLE mode procedure perspective for physical layer, there does not appear to be any reason to restrict the serving cell SSB placement to only SS-raster locations.
Proposal: in the light of the currently supported functionalities, revisit earlier agreement and allow PCell in CONNECTED and serving cell in IDLE SSB to any raster location.
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