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1. Introduction
In this contribution, we discuss remaining specification details of SS blocks (SSBs).

2. Mapping of NR-PBCH PRBs
The following agreements were achieved in RAN1#90bis meeting about the mapping of NR-PBCH PRBs within the SSB [1]:
	Agreements:
· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign
· Working assumption: 
· X=20 
· Y=2*(24-X) 
· Same mapping rule(frequency-first, time-second) for data and DMRS is applied
· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed


In order to confirm the working assumptions above, we ran a number of simulations comparing the new NR-PBCH mapping and the mapping based on previous agreements. The simulation results are given in Figure 1 and Figure 2 for single cell and two cells environments. The BLER curves for NR-PBCH and error rate for SSB time index (TI) detection (based on PBCH-DMRS) are given.
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	(a) SCS = 15 kHz	(b) SCS = 30 kHz
[bookmark: _Ref485424803]Figure 1. Single cell scenario.
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	(a) SCS = 15 kHz	(b) SCS = 30 kHz
[bookmark: _Ref498710209]Figure 2. Two cells scenario.
From the figures above it can be seen that the new mapping and the previous mapping of NR-PBCH have almost the same performance. Based on simulations, we propose to confirm the working assumptions from RAN1#90bis.
Proposal 1:
· Confirm working assumptions on PRB mapping of NR-PBCH within the SSB made in RAN1#90bis meeting.

3. Discussion on the Support of CC without SSB
It is possible to have CC without SSBs in NR. Due to lack of SSBs, this CC can’t be discovered by the UE and is configured as a Scell in CA scenario. The only way to provide synchronization in this case is to use the SSBs from the Pcell assuming that the aggregated CCs are very tightly synchronized. This can be achieved in CA scenario within the same gNB. The exact amount of synchronization between the CCs is up to RAN4 determination.
Proposal 2:
· Network supports signaling of a cell defining SSB of a cell to be used as time/frequency synchronization source for another cell without a cell defining SSB (i.e. CC without SSB).
· The required time/frequency synchronization between two cells will be determined by RAN4.

Although, it’s impossible to provide SS-RSRP measurements for the CC without SSB, we do see benefits in having SS-RSRQ metric for such CC type. In this case, only RSSI metrics are measured at the CC without SSB on the configured/defined resources. The SS-RSRP of SS-RSRQ for the CC without SSB should be provided based on the measurements from the primary CC carrying SSBs.
Proposal 3:
· Support SS-RSRQ measurements for the secondary CC without SSB:
· SS-RSSI is measured at the CC without SSB;
· SS-RSRP is taken from the primary CC carrying SSBs.

4. Discussion on the Rate-Matching Signaling of Multiple SSBs in Wideband CC
Current agreements on SSB do not preclude the network from the transmission of multiple SSBs within the bandwidth for a cell. From the UE perspective, the SSBs in different frequency positions belong to different cells. However, the signaling about the presence of SSBs other than the cell-defining SSB may be beneficial especially for the wideband-capable UEs. One of the main use cases for this signaling is the rate-matching in the CONNECTED mode. Therefore, RRC signaling is a good candidate to indicate frequency locations of multiple SSBs in wideband CC. Another candidate signaling is RMSI which also can be used by the UEs in IDLE mode, for example, to improve the intra-frequency measurements using multiple SSBs from different frequencies. However, this kind of improvement may be considered as optional because the baseline measurement requirements will anyway be defined for a single frequency position of SSBs. Additionally, the QCL assumption between SSBs is required to enable measurements within wideband CC. This assumption needs extra signaling in RMSI. Otherwise, it always precludes fast beam sweeping in the network which is usually done by applying different beamforming to SSBs with different frequency positions and transmitting these SSBs from different antenna panels. Based on the discussion above, it’s proposed to use RRC signaling to indicate frequency positions of multiple SSBs in wideband CC.
Proposal 4:
· Use RRC signaling to indicate frequency positions of multiple SSBs in wideband CC for rate-matching purposes.

5. Discussion on the QCL Relationship between SSB and Other Broadcast Signaling
In the previous RAN1 meeting, several agreements were made regarding QCL relationship between SSB and other broadcast signaling [1]:
	Agreements:
· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block
Agreements:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
Agreements:
· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
Agreements:
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption


However, the details regarding QCL parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread and channel delay spread, have not been clarified. From the UE perspective, the simplest approach is to assume QCL between SSB and other broadcast signaling w.r.t. all the parameters. This is a reasonable assumption taking into account that the signals/channels from the agreements above are typically transmitted using QPSK and low coding rage. Therefore, they are expected to be robust to any small inconsistencies in QCL parameters.
Proposal 5:
· Support QCL between SSB and other broadcast signaling w.r.t. all parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread, average channel delay, and channel delay spread.
· The broadcast signaling corresponds to the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI, the DMRS of NR-PDCCH transmitting Paging DCIs and the DMRS of NR-PDSCH transmitting Paging Messages, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2, the DMRS of PDCCH conveying Msg3 grant, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4.

6. Discussion on the Reservation Resources Colliding with SSB
According to 3GPP TS 38.211 [2], the reservation resources have been introduced during the mapping of PSS/SSS and NR-PBCH onto SSB. In general, reservation resources enables forward compatibility of the NR system. However, it can’t justify the use of reservation resources in SSB, in our view. The UE highly relies on PSS/SSS and NR-PBCH from SSB which repeats with a certain periodicity. Introduction of the reservation resources in arbitrary SSBs may significantly affect the expected UE behavior and, therefore, should be avoided. Moreover, the ability to disable SSB transmission and indicate the disabled SSBs to the UE is already supported in NR. The resources of the disabled SSBs can be used for forward compatibility. In this case, the reservation resources in SSBs are simply not needed. To avoid introduction of the reservation resources in SSB, we propose to put the highest priority for PSS/SSS and NR-PBCH transmission in SSBs. This will ensure that the signals in the enabled SSBs will never be punctured in the future.
Proposal 6:
· UE shall assume that SS/PBCH block resources is transmitted over configured reservation resources (i.e. SS/PBCH Block has a higher priority transmission over reservation resources.

7. Conclusions
In this contribution, we discussed remaining issues related to SS blocks. Our proposals are summarized as below:
Proposal 1:
· Confirm working assumptions on PRB mapping of NR-PBCH within the SSB made in RAN1#90bis meeting.

Proposal 2:
· Network supports signaling of a cell defining SSB of a cell to be used as time/frequency synchronization source for another cell without a cell defining SSB (i.e. CC without SSB).
· The required time/frequency synchronization between two cells will be determined by RAN4.

Proposal 3:
· Support SS-RSRQ measurements for the secondary CC without SSB:
· SS-RSSI is measured at the CC without SSB;
· SS-RSRP is taken from the primary CC carrying SSBs.
[bookmark: _GoBack]
Proposal 4:
· Use RRC signaling to indicate frequency positions of multiple SSBs in wideband CC for rate-matching purposes.

Proposal 5:
· Support QCL between SSB and other broadcast signaling w.r.t. all parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread, average channel delay, and channel delay spread.
· The broadcast signaling corresponds to the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI, the DMRS of NR-PDCCH transmitting Paging DCIs and the DMRS of NR-PDSCH transmitting Paging Messages, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2, the DMRS of PDCCH conveying Msg3 grant, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4.

Proposal 6:
· UE shall assume that SS/PBCH block resources is transmitted over configured reservation resources (i.e. SS/PBCH Block has a higher priority transmission over reservation resources.
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Appendix
[bookmark: _Ref490048934]TABLE 1 
	Parameters
	Value

	Subcarrier spacing
	15/30 kHz

	Carrier frequency
	4 GHz

	Antenna configuration
	2x2 (fixed TX precoder)

	SS burst set periodicity
	20 ms

	UE velocity
	3 km/h

	Channel model
	CDL-C 

	Delay spread scaling
	100 ns

	Channel estimation
	2D MMSE

	CFO
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm

	Timing error
	0 samples

	Interference model
	As in [3]
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