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1. Introduction
In this paper, we will discuss the following remaining issues:
· NR PBCH data scrambling
· Power offset between SSS and PBCH DMRS 
· Half radio frame indication
· NR PBCH content
Based on the discussion, proposals are given for consideration.
To be noticed this paper is updated from R1-1716204.
2. NR PBCH data scrambling
In RAN1 NR#3 meeting, the following agreement has been reached for the NR PBCH data scrambling.
	Agreements:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alterantives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index




The PBCH data scrambling has been agreed based on the pre-CRC scrambling initialized with Cell ID and part of SFN (i.e., Option 1 as below). It avoids blind decoding of PBCH in case of one-shot detection and provides varying interference between two cells for improving the performance of soft combining via consecutive transmissions across SFN. However, it doesn’t address the issue of soft combining across SS blocks within the SS burst set due to the identical interference across SS blocks within the SS burst set, i.e., the similar issue as soft combining across SFN. As agreed earlier in RAN1, soft combining across SS blocks within the SS burst set can be supported so that the similar issue with identical interference in time domain between two cells may happen especially if the time domain repletion is applied between SS blocks within the SS burst set.
So it was proposed to have the PBCH data scrambling initialized with 3 LSB bits of SS block index. Since 3 LSB bits of SS block index will be detected before the decoding of PBCH, there is no hypothesis for descrambling based on 3 LSB bits of SS block index. The following options are provided for performance evaluation considering soft combining between SS blocks within the SS burst set by adding the 2nd scrambling.
· Alt. 1: Pre-CRC 1st scrambling based on Cell ID and part of SFN + Post-enc. 2nd scrambling based on Cell ID
· Two scrambling sequences are applied for PBCH data.
· 1st scrambling is applied before CRC attachment and initialized based on Cell ID and 3 LSBs of SFN. 
· 2nd scrambling is applied after Polar encoding and initialized only based on Cell ID.
· Initialization value: 
· 1st scrambling: 


· 2nd scrambling:


· Alt. 2: Pre-CRC 1st Scrambling based on Cell ID and part of SFN + Post-enc. 2nd scrambling based on Cell ID and SS block index:
· Two scrambling sequences are applied for PBCH data.
· 1st scrambling is applied before CRC attachment and initialized based on Cell ID and 3 LSBs of SFN. 
· 2nd scrambling is applied after Polar encoding and initialized based on Cell ID and 3LSBs of SS block index.
· Initialization value: 
· 1st scrambling: 


· 2nd scrambling:



As observed in Figure 1, Alt. 2 with 2nd scrambling based on Cell ID and 3 LSB bits of SS blocks obviously outperforms and Alt. 1 with 2nd scrambling only based on Cell ID. It shows up to 1.5dB performance loss for Alt. 1 compared to Alt. 2 in the case of 0dB power difference between two cells and up to 4dB performance loss in the case of 3dB power difference between two cells.  
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Figure 1.  Performance of 2nd w/wo SBI for two cells with 0dB power offset between two cells
[image: ]
Figure 2.  Performance of 2nd scrambling w/wo SBI for two cells with 3dB power offset between two cells


Proposal 1: NR supports 2nd scrambling for PBCH data initialized based on Cell ID and 3 LSB bits of SS block index (i.e., Alt. 2).


3. Half radio frame indication
There has been extensive discussion on how to carry C0 (half radio frame indication). The target scenario is the non-synchronized network with two options under discussion:
· Option 1: Polarity of two PBCH symbols in the 2nd half frame is inverted.
· Option 2: C0 is carried in PBCH payload explicitly
The main benefit for Option 1 is to avoid PBCH decoding for radio frame boundary acquisition during handover to reduce the handover delay in the non-synchronized network. However UE may anyway need to decode PBCH for SFN information in the non-synchronized case before resuming the data transmission in the target cell. Then it seems the overall handover delay is not really reduced.
Observation 1: there is no difference on the overall handover delay if anyway PBCH has to be decoded for SFN acquisition before resuming data reception in the non-synchronized network.  
Proposal 2: if anyway PBCH has to be decoded for SFN information in the non-synchronized network, half radio frame indication can be only carried in PBCH payload. 
In the above 6GHz case, 3 MSB bits of SS block index are carried in PBCH payload. If C0 is carried in PBCH payload, there is no extra complexity and delay caused by PBCH decoding because SS block index detection will be conducted anyway. However, if the polarity approach is applied for above-6GHz, it will cause some additional UE processing for all cases besides 5ms periodicity case in the non-synchronized network.  
Observation 2: For the above-6GHz case, C0 can be carried in PBCH payload together with 3 MSB bits of SS block index. 
Proposal 3: Half radio frame indication is only carried in PBCH payload at least for the above-6GHz case. 

4. Power offset between SSS and PBCH DMRS
In RAN1 NR#3, there are the following agreement:
	Agreements:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw



According to the agreement for SS block, PBCH bandwidth is two times than PSS/SSS bandwidth. If there is no data transmission on the remaining PRBs in PSS/SSS symbols within SS block, up to 3dB power spared from the unused resources can be applied on SSS for power boosting. Such boosting also avoid FDM multiplexing between SS block and data with same/different numerologies, which can reduce the UE receiver complexity. Besides, boosting of SSS can improve detection performance of SS block index carried in PBCH DMRS and PBCH decoding performance if SSS is used for assisting the detection/decoding. So Alt 2 is preferred.
Proposal 4: NR supports 3dB EPRE offset between SSS and PBCH DMRS (i.e., Alt. 2).
 
5. NR PBCH Content
In this section, the L1 related parameters will be investigated to check the need and feasibility for MIB content.
Information for remaining minimum system information scheduling: [x] bits
The configurations of CORESET for RMSI scheduling & PDSCH for RMSI are carried in NR-PBCH, which can be up to CORESET discussion.	
Information regarding initial active bandwidth part: [10] bits
It was agreed to support UEs with different bandwidth capability within a carrier in NR. Therefore, unlike LTE, carrier bandwidth broadcasting in NR-PBCH is no longer meaningful to UEs because UEs doesn’t require carrier bandwidth to access the radio resources for initial access, CONNECTED mode operation and IDLE mode operation.
Therefore, unlike LTE, a UE performs initial access based on a certain DL & UL channel bandwidths which are supported by all served UEs and can be less than a carrier bandwidth. 
Furthermore, an initial active bandwidth part has been agreed which can have the same configuration as CORESET and RMSI. 
Proposal 5: The configuration for initial active bandwidth part is same as RMSI CORESET configuration unless otherwise indicated in RMSI later. 
Information for quick identification that there is no corresponding RMSI to the PBCH: [0-1] bits
Whether and how to indicate presence of RMSI is also up to RAN2 discussion. From RAN1 perspective, there seems at least no need of explicit signalling for such indication. For example, if there is no configuration of RMSI scheduling information, it can be interpreted as no presence of RMSI transmission.
Proposal 6: At least there is no need of explicit signalling for RMSI presence indication in MIB.
Information on tracking RS: [1-2] bits
Tracking RS can be considered especially if the bandwidth or numerology is changed with the need for frequency/timing synchronization. For example, RMSI transmission is using the different numerology and bandwidth than SS block. The timing sync based on a small SCS with a large CP may not satisfy the case of the large SCS due to the smaller CP length. On the other hand, the frequency sync based on a large SCS may not satisfy the case of a small SCS. Besides, in case of HST scenario, SS block may not be capable for Doppler spread estimation which may impact the decoding performance of RMSI.
Proposal 7: The configuration of tracking RS is included in MIB for synchronization before RMSI and control reception.

6. Conclusion
[bookmark: _GoBack]In this contribution, we discussed NR PBCH data scrambling, Power offset for SSS, half radio frame indication and PBCH content. Based on our study and evaluation results, we have the following observations and proposals:
Proposal 1: NR supports 2nd scrambling for PBCH data initialized based on Cell ID and 3 LSB bits of SS block index (i.e., Alt. 2).
Observation 1: there is no difference on the overall handover delay if anyway PBCH has to be decoded for SFN acquisition before resuming data reception in the non-synchronized network.  
Proposal 2: if anyway PBCH has to be decoded for SFN information in the non-synchronized network, half radio frame indication can be only carried in PBCH payload. 
Observation 2: For the above-6GHz case, C0 can be carried in PBCH payload together with 3 MSB bits of SS block index. 
Proposal 3: Half radio frame indication is only carried in PBCH payload at least for the above-6GHz case. 
Proposal 4: NR supports 3dB EPRE offset between SSS and PBCH DMRS (i.e., Alt. 2).
Proposal 5: The configuration for initial active bandwidth part is same as RMSI CORESET configuration unless otherwise indicated in RMSI later. 
Proposal 6: At least there is no need of explicit signalling for RMSI presence indication in MIB.
Proposal 7: The configuration of tracking RS is included in MIB for synchronization before RMSI and control reception.
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