3GPP TSG RAN WG1 Meeting #93		                         R1-1806601
Busan, Korea, May 21st – 25th, 2018

Agenda Item:	7.1.1.2.1
Source: 	LG Electronics
Title: 	Remaining Details on PBCH design and contents
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In this contribution, we discuss remaining details on PBCH contents and target cell timing information achievement.

2. Discussion
PBCH contents for RMSI CORESET Configuration with minimum bandwidth 10MHz
In the RAN1 NRAH-1801 meeting [1], it was agreed to introduce the configuration table for the bands with minimum channel bandwidth (MinCBW) of 40 MHz when subcarrier spacing of SS/PBCH block is 30 kHz. However, RAN1 did not make a final decision whether or not to adopt a new configuration table for 10 MHz MinCBW with SS/PBCH SCS of 15 kHz, for the details of sync raster had not been decided. In previous RAN4 meeting [2], WF for the details of sync raster was approved. From the WF [3], sync raster separation is changed 900 kHz to 1200 kHz for LTE re-farming band. In addition, 1200 kHz sync raster separation is applied in NR band below 3GHz frequency range. In order to reduce the number of SS entry for wide MinCBW (i.e. 10MHz, 40MHz), RAN4 made a decision to adopt down selection among all candidate SS entry. Therefore, according to step size for down selection (=9) and sync raster separation (=1200 kHz), effective sync raster separation for Band n41 is 3600 kHz.
Clearly, current RMSI CORESET configuration table for 5MHz MinCBW cannot support Band n41, since the value of sync raster separation for Band n41(10MHz MinCBW) is larger than the value of sync raster separation for 5MHz MinCBW band. RAN1 should provide a solution of RSMI CORESET configuration to support Band 41. Some company does not want to make new configuration for supporting Band n41, so RAN1 sent LS to RAN4 about the sync raster separation issue in last meeting. If RAN4 will not change the value of step size for Band n41, RAN1 should make new configuration table to support Band n41 in this meeting. The detail of new configuration table for RMSI CORESET is given in our companion contribution [4].
Among frequency bands for below 6GHz frequency range, Band n41 is overlapped with Band n7 and n38. (i.e. frequency range of n7: 2622.6~2687.4 MHz, frequency range of n38: 2572.2 ~ 2687.4 MHz, frequency range of n41: 2499.36 ~ 2686.56 MHz) [5]. Depending on the MinCBW, gNB should apply proper RMSI CORESET configuration table for each band. For example, for Band n41, RMS CORESET configuration table for 10MHz MinCBW should be used. On the other, for Band n7 and n38, RMS CORESET configuration table for 5MHz MinCBW should be applied. However, in initial access, if UE does not know the Band number in the overlapping band between Band n41 and Band {n7, n38}, there is ambiguity that UE could not assume which configuration table is applied. One solution to resolve the ambiguity is to adopt 1 bit indicator in PBCH contents for FR1, which is used for indicating MinCBW information to UE. The bit can be taken from the reserved bits for SS/PBCH block index indication (i.e.  or . In addition, for supporting larger sync raster separation, 5 bit RMSI CORESET configuration table can be considered. The addition 1bit for RMSI CORESET configuration table also can be taken from the reserved bits for SS/PBCH block index indication (i.e.  or .

Observation 1: 
· From the RAN4 agreement, effective sync raster separation for Band n41 is 3600 kHz.
· The step size for down selection is 9
· The sync raster separation is 1200 kHz
· RAN1 should provide new RMSI CORESET configuration table to support Band 41. For 15 kHz SCS of SS/PBCH block with minimum channel bandwidth 10 MHz, new RMSI CORESET configuration should be designed.
· However, in initial access, if UE does not know the Band number in the overlapping band between Band n41 and Band {n7, n38}, there is ambiguity that UE could not assume which configuration table is applied.
Proposal 1: 
· Adopt 1 bit indicator in PBCH contents for FR1, which is used for indicating MinCBW information to UE.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index. (i.e.  or 
· 5 bit RMSI CORESET configuration table can be considered for supporting larger sync raster separation.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index. (i.e.  or 

Target cell timing information achievement
In NR system, the timing information (i.e. SFN, half frame, SS/PBCH block index) is defined in PBCH contents. So, UE can achieve the timing information after PBCH decoding. Especially, in handover case, because frame structures and signals (i.e. slot number, scrambling sequence, DMRS sequence, CSI-RS sequence, etc.) are defined within 10ms, UE should obtain at least frame boundary information among the time information for target cell. So, it could be required for UE to try PBCH decoding in order to acquire the half frame information for target cell. However, due to PBCH decoding time, latency could be increased. Hence, it is desirable that UE does not operate PBCH decoding for target cell in handover case. To fulfill the requirement, in RAN1#90bis meeting, it was agreed that half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4. Therefore, at below 3GHz frequency range, UE can obtain half frame information by detection of PBCH DMRS sequence for target cell. In addition, for above 3GHz frequency range, we need to discuss how to obtain frame boundary information for target cell without PBCH decoding. 
One possible solution is to assume that gNBs are tightly synchronized within 2.5ms. In this case, UE may assume that frame boundary is aligned between serving cell and target cell when SS/PBCH blocks are transmitted at only 1st half frame (HF) or only 2nd HF. However, since SS/PBCH blocks can be transmitted at 1st HF or 2nd HF, UE may have ambiguity regarding the frame boundary. A solution to resolve the ambiguity is that UE assumes SS/PBCH block(s) for target cell (or neighbor cell) is/are transmitted at the same HF part where SS/PBCH block(s) for serving cell is/are transmitted.



   
(a) SS/PBCH block(s) at same HF                     (b) SS/PBCH block(s) at 1st HF or 2nd HF
Figure 1. Frame boundary detection ambiguity in the assumption that gNB are tightly synchronized.

These assumptions (i.e. tightly synchronized within 2.5ms, SS/PBCH transmission half frame position alignment) could bring a restriction for network operation. If flexible network operation or relaxed network synchronization assumption should be importantly considered in NR system, we need to discuss other solution to obtain half frame information of target cell (or neighbor cell). As a good candidate solution, we could consider to assign CSI-RS resource around actually transmitted SS/PBCH block. Since it is defined that the sequence for CSI-RS is initialized by cell-ID and slot number within a frame, it is possible to acquire slot number by detection of CSI-RS sequence. For example, if gNB configures a CSI-RS resource which is located around a SS/PBCH block, UE tries to detect correlation property using the configured CSI-RS sequence at two candidate position within a frame.
Observation 2: 
· At least in handover case, UE should obtain at least frame boundary information among the time information for target cell. Also, it is desirable that UE does not operate PBCH decoding for target cell.
Proposal 2: 
· If CSI-RS resource for target cell (or neighbor cell) is configured, UE acquires half frame information by detection of CSI-RS sequence. 
Else, UE assumes that gNBs are tightly synchronized (e.g, within 2.5ms). Also, UE assumes that SS/PBCH block(s) for target cell (or neighbor cell) is/are transmitted at the same HF part where SS/PBCH block(s) for serving cell is/are transmitted.

3. Conclusion
In this contribution, we discussed remaining details on PBCH contents and target cell timing information achievement. As a conclusion of the discussion, we summarize observation and proposals as follows:
PBCH contents for RMSI CORESET Configuration with minimum bandwidth 10MHz
Observation 1: 
· From the RAN4 agreement, effective sync raster separation for Band n41 is 3600 kHz.
· The step size for down selection is 9
· The sync raster separation is 1200 kHz
· RAN1 should provide new RMSI CORESET configuration table to support Band 41. For 15 kHz SCS of SS/PBCH block with minimum channel bandwidth 10 MHz, new RMSI CORESET configuration should be designed.
· However, in initial access, if UE does not know the Band number in the overlapping band between Band n41 and Band {n7, n38}, there is ambiguity that UE could not assume which configuration table is applied.
Proposal 1: 
· Adopt 1 bit indicator in PBCH contents for FR1, which is used for indicating MinCBW information to UE.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index. (i.e.  or 
· 5 bit RMSI CORESET configuration table can be considered for supporting larger sync raster separation.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index. (i.e.  or 
Target cell timing information achievement
Observation 2: 
· At least in handover case, UE should obtain at least frame boundary information among the time information for target cell. Also, it is desirable that UE does not operate PBCH decoding for target cell.
Proposal 2: 
· If CSI-RS resource for target cell (or neighbor cell) is configured, UE acquires half frame information by detection of CSI-RS sequence. 
Else, UE assumes that gNBs are tightly synchronized (e.g, within 2.5ms). Also, UE assumes that SS/PBCH block(s) for target cell (or neighbor cell) is/are transmitted at the same HF part where SS/PBCH block(s) for serving cell is/are transmitted.
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Appendix A.
	Agreements: (RAN1 AH1801) [1]
· Make the clarification that the existing Tables 13-1 and 13-2 in TS 38.213 are used for supporting the offset configurations for the bands with minimum channel bandwidths of 5MHz with SSB SCS = 15kHz;
· The corresponding TP (38.213)
· Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5MHz
· Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz with minimum channel bandwidth 5MHz
· Make the clarification that the existing Tables 13-3 and 13-4 in TS 38.213 are for supporting the offset configurations for the bands with minimum channel bandwidths of 5MHz and 10MHz with SSB SCS = 30kHz;
· The corresponding TP (38.213):
· Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 5MHz and 10MHz
· Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz with minimum channel bandwidth 5MHz and 10MHz
· For the bands with minimum channel bandwidths of 40MHz, add new configuration tables for the following cases
· One for {SSB SCS, RMSI SCS} = {30, 15}kHz 
· One for {SSB SCS, RMSI SCS} = {30, 30}kHz 

	Agreements: (RAN4 #86bis) [2]
· 1200 kHz with +/-100 kHz shift and the raster offset by 150 kHz
· The 1200 kHz sync raster (offset by 150 kHz) is applied for all bands in the range 2400-3000 MHz 
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