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1 Introduction
This contribution discusses the remaining issues on synchronization and system information, including the following topics: 
· Misalignment between SSB and resource grid in OFDM baseband signal generation
· ssb-PositionsInBurst in RRC
· SIB1 indication of actually transmitted SS/PBCH blocks
· Overlapping SIB1 and SI messages
2 Remaining Issues on Synchronization Signals
2.1 Misalignment between SSB and Resource Grid in OFDM Baseband Signal Generation
In the last RAN1 meeting [1], the following agreement was made regarding OFDM symbol generation equation:
Agreements:
 is computed using

	where  is the largest subcarrier spacing configured.




One more remaining issue, which has been discussed in the last meeting but not yet finalized, is the misalignment issue between the SS/PBCH block and resource grid, e.g. for the case of mixed numerologies of SS/PBCH block and RMSI, in the OFDM baseband generation. 
The OFDM baseband signal generation function for any physical channel or signal except PRACH is defined by


and it can be observed that the generation function is based on the common resource grid, instead of the resource grid for SS/PBCH block. When the reference SCS of the common resource grid (e.g. 15 kHz for FR1 and RMSI SCS for FR2) is smaller than the SCS of SS/PBCH block, the center of a RB in the symbol containing SS/PBCH block can be misaligned with the center of a RB in the symbol containing RMSI, when  is not configured as an integer multiple of the ratio of the two SCSs. A UE may not be able to distinguish the misaligned RE(s) (e.g. in term of the reference SCS of the common resource grid) from the initial CFO in initial cell search, such that the synchronization performance could be significantly degraded due to the misalignment. Hence, there is a critical need to address this issue in the coming meeting. 
Since Rel-15 NR specification has been completed, any essential change to the specification should be avoided at this stage. Hence, modifying the OFDM baseband signal generation function is highly non-preferred, especially taking consideration of companies’ implementation progress for NR. Based on the above reasons, we propose that RAN1 shall introduce restrictions on the value of  such that the misalignment issue can be avoided, and there is no need to make any change to the OFDM baseband signal generation function. 
In the RAN4 #86bis [2], similar proposal was discussed from other motivation, and the following agreement was made: 
Agreements:
· For the same SCS, the subcarrier grid shall be the same for SSB and data.



Hence, for {SSB SCS, RMSI SCS} = {30 kHz, 30 kHz},  has to be even to meet the requirement in the agreement, i.e., to align the subcarrier grid of SSB and RMSI. By taking into account that the common resource grid of 15 kHz is nested within the common resource grid of 30 kHz by using the same starting reference point (e.g. Point A), automatically, for {SSB SCS, RMSI SCS} = {30 kHz, 15 kHz},  has to be even as well to meet the requirement in the agreement. Moreover, similar conclusion can be made for the case of {SSB SCS, RMSI SCS} = {120 kHz, 60 kHz}. 
Observation 1: Based on RAN4 agreement, for {SSB SCS, RMSI SCS} = {30 kHz, 15 kHz}, {30 kHz, 30 kHz}, or {120 kHz, 60 kHz},  should be restricted as an integer multiple of 2.
Same restriction should apply to SSB SCS = 240 kHz as well, although a direction conclusion cannot be acquired from RAN4 agreement, since the common resource grid is not defined for 240 kHz SCS. Hence, we make the following proposal (including the conclusions from Observation 1 for clarification purpose). 
Proposal 1: RAN1 shall introduce restrictions on the value of  to avoid the misalignment issue:
· for {SSB SCS, RMSI SCS} = {30 kHz, 15 kHz}, {30 kHz, 30 kHz}, {120 kHz, 60 kHz}, or {240 kHz, 120 kHz},  should be restricted as an integer multiple of 2;
· for {SSB SCS, RMSI SCS} = {240 kHz, 60 kHz},  should be restricted as an integer multiple of 4.
The corresponding TP for TS38.211 is as follows.  
	[bookmark: _Toc516767386]====================== Begin of Text Proposal for Section 7.4.3.1 in TS38.211 =====================
7.4.3.1	Time-frequency structure of an SS/PBCH block
================================== Text omitted =======================================
For an SS/PBCH block, the UE shall assume 

-	antenna port  is used for transmission of PSS, SSS and PBCH,
-	the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,




-	for SS/PBCH block type A,  and  with the quantities , and  expressed in terms of 15 kHz subcarrier spacing, and




-	for SS/PBCH block type B,  and  with the quantity  expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and  is expressed in terms of 60 kHz subcarrier spacing.


-  for, , 


-  forand the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon is 60 kHz, , 


-  forand the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon is 120 kHz, , and


-  forand the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon is 60 kHz, .
======================= End of Text Proposal for Section 7.4.3.1 in TS38.211 =====================



2.2 ssb-PositionsInBurst in RRC 
In the latest version of TS 38.331 [3], the indication of actually transmitted SS/PBCH blocks using bitmap in UE-specific signaling, i.e., ssb-PositionsInBurst, is captured as a parameter under ServingCellConfigCommon IE, wherein The ServingCellConfigCommon IE is used to configure cell specific parameters of a UE's serving cell. 
However, in our understanding, RAN1’s design motivation for the full bitmap indication for the configuration of actually transmitted SS/PBCH blocks in a UE-specific signalling is to enable full flexibility in configuring the UE-specific actually transmitted SS/PBCH block pattern, from the network point of view. Hence, the parameter ssb-PositionsInBurst should be UE-specific instead of cell-specific as captured in current version of TS 38.331. 
Proposal 2: Send an LS to RAN2 to clarify the parameter ssb-PositionsInBurst should be UE-specific, and ask for making corresponding changes in TS 38.331.
3 Remaining Issues on RMSI
3.1 Indication of Actually Transmitted SSB in RMSI
In this section, one more remaining issue is the indication issue of actually transmitted SSB in RMSI. As raised in [4], since the actually transmitted SSBs are represented by only 16-bits in RMSI for above 6GHz, the number/location of SSBs for actual transmission and available TDD DL/UL configuration, i.e., UL slot timing/periodicity, would be limited. Especially, if some of SSBs within a group cannot be transmitted due to the collision with UL slot indicated by TDD DL/UL configuration, the SSBs within all groups cannot be transmitted. This is because not only there is only one pattern for eight consecutive SSBs indicated by inOneGroup in RMSI but also the UE does not expect the set of symbols of the slot to be indicated as uplink by TDD DL/UL configuration. 
Observation 2: In a specific deployment scenario for FR2, there is a limitation in terms of the number/location of SSBs for actual transmission and UL slot timing/periodicity.
The solution to handle this issue is to allow the collision between the indication of actually transmitted SSBs by ssb-PositionsInBurst in RMSI and UL slot/symbol indicated by TDD DL/UL configuration. Moreover, the UE shall assume that no SSB is transmitted in a slot/symbol indicated as uplink by TDD DL/UL configuration. 
Proposal 3: If above issue is justified to be resolved, consider to allow the collision between the indication of actually transmitted SSBs by higher layer parameter ssb-PositionsInBurst in RMSI and UL slot/symbol indicated by TDD DL/UL configuration. Moreover, UE shall assume that no SSB is transmitted in a slot/symbol indicated as uplink.
The following TP in TS38.213 is proposed to deal with this issue. 
	[bookmark: _Ref500453000][bookmark: _Toc517265076]======================== Begin of Text Proposal for Section 11.1 in TS38.213 =====================
11.1	Slot configuration
================================== Text omitted =======================================
For a set of symbols of a slot that are indicated to a UE by higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 or ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated, when provided to the UE.
If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBUrst in ServingCellConfigCommon for a serving cell and if at least one symbol in a slot to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated, overlaps with respective at least one symbol corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE shall assume that no SS/PBCH block is transmitted in REs on the serving cell.
======================== End of Text Proposal for Section 11.1 in TS38.213 ======================


4 Remaining Issues on OSI
4.1 Overlapping SIB1 and SI messages
RAN2 has asked RAN1 to answer following Q1 in [5]:
	Q1: In RAN1 opinion, is it required to avoid supporting transmission of SIB1 and SI message in the same SI transmission window? If not, RAN 2 would like to ask RAN1 to define a solution to allow for overlapping transmission of SIB1 and SI message in the same SI transmission window.



First, SI message and its acquisition are specified in TS38.331 as following:
· SI message:
· SIBs other than SIB1 are carried in SystemInformation (SI) messages, which are transmitted on the DL-SCH. Only SIBs having the same periodicity can be mapped to the same SI message. Each SI message is transmitted within periodically occurring time domain windows (referred to as SI-windows with same length for all SI messages).
· Acquisition of an SI message:
· When acquiring an SI message, the UE receives DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength {1ms, 2ms, 5ms, 10ms, 15ms, 20ms, 40ms}, or until the SI message was received.
Whether or not to avoid supporting transmission of SIB1 and SI message in the same SI transmission window?
As per RAN2 agreements in [5], UE is not required, but is permitted, to support accumulating SI Message transmissions across several SI Windows within the Modification Period.
From RAN1 perspective, the need for supporting overlap between SIB1 and SI message has been raised such that beam sweeping overhead can be kept as small as possible, e.g. for FR2. 
Once we allow the overlap between SIB1 and SI message, there would be an implication on TS 38.202 which defines simultaneous transmission and reception of physical channels and physical signals. Tables 1 and 2 below are excerpted from TS 39.202:
Table 1: Downlink "Reception Types" (Table 6.2-1 in TS 38.202)  
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI
	DL-SCH
	Note 1

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, [new RNTI]
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 3

	F
	PDCCH
	C-RNTI, CS-RNTI, [new RNTI]
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	This corresponds to PDCCH-ordered PRACH.



Table 2: Downlink "Reception Type" combinations (Table 6.2-2 in TS 38.202)  
	UE capability
	Supported Combinations 
	Comment

	
	PCell
	PSCell
	SCell
	

	
	
	
	
	

	1. RRC_IDLE

	
	A + (B and/or C1 and/or D0)
	
	
	Note 1

	2. RRC_INACTIVE

	
	A + B + C1 + D0
	
	
	

	3. RRC_CONNECTED

	
	 A + C0 + (B and/or (D0 or D1))  + E + F + G + H + J0 + J1 + J2 + K
	A + C0 + (B and/or (D0 or D1))  + E + F + G + H 
+ J0 + J1 + J2 + K
	D1 + F + G + H 
+ J0 + J1 + J2 + K
	Note 2

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.



Solution to allow for the overlapping transmission of SIB1 and SI message in the same SI transmission window
So far, it is identified that two alternatives are on the table:
· Alt.1: Separate SI-RNTI between SIB1 and SI messages
· Alt.2: reuse existing filed in the DCI to indicate whether it is for SIB1 or SI message.
It is our understanding that both alternatives are workable with less RAN1 spec impact. For example, Alt.1 requires current the SI-RNTI associated descriptions to be split into two RNTIs for SIB1 and SI message, respectively. In case of Alt.2, the following description on the DCI format 1_0 with CRC scrambled by SI-RNTI need to be updated accordingly:
TS38.212 v15.2.0
	The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by SI-RNTI:

-	Frequency domain resource assignment – bits

-	 is the size of the initial DL bandwidth part
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
[-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.1.2-33]
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	Reserved bits – [16] bits 



Observation 3: Both Alt.1 (separate RNTI) and Alt. 2 (reuse existing field in DCI) are workable to allow overlap between SIB1 and SI message. The implication of RAN1 spec would need to be investigated further.
5 Conclusion
Based on the above discussions, the observations, proposals, and TPs of this contribution are summarized below: 
Observation 1: Based on RAN4 agreement, for {SSB SCS, RMSI SCS} = {30 kHz, 15 kHz}, {30 kHz, 30 kHz}, or {120 kHz, 60 kHz},  should be restricted as an integer multiple of 2.
Proposal 1: RAN1 shall introduce restrictions on the value of  to avoid the misalignment issue:
· for {SSB SCS, RMSI SCS} = {30 kHz, 15 kHz}, {30 kHz, 30 kHz}, {120 kHz, 60 kHz}, or {240 kHz, 120 kHz},  should be restricted as an integer multiple of 2;
· for {SSB SCS, RMSI SCS} = {240 kHz, 60 kHz},  should be restricted as an integer multiple of 4.
========================= Begin of Text Proposal for Section 7.4.3.1 in TS38.211 =====================
7.4.3.1	Time-frequency structure of an SS/PBCH block
================================== Text omitted =======================================
For an SS/PBCH block, the UE shall assume 

-	antenna port  is used for transmission of PSS, SSS and PBCH,
-	the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,




-	for SS/PBCH block type A,  and  with the quantities , and  expressed in terms of 15 kHz subcarrier spacing, and




-	for SS/PBCH block type B,  and  with the quantity  expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and  is expressed in terms of 60 kHz subcarrier spacing.


-  for, , 


-  forand the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon is 60 kHz, , 


-  forand the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon is 120 kHz, , and


-  forand the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon is 60 kHz, .
========================== End of Text Proposal for Section 7.4.3.1 in TS38.211 =====================
Proposal 2: Send an LS to RAN2 to clarify the parameter ssb-PositionsInBurst should be UE-specific, and ask for making corresponding changes in TS 38.331.
Observation 2: In a specific deployment scenario for FR2, there is a limitation in terms of the number/location of SSBs for actual transmission and UL slot timing/periodicity.
Proposal 3: If above issue is justified to be resolved, consider to allow the collision between the indication of actually transmitted SSBs by higher layer parameter ssb-PositionsInBurst in RMSI and UL slot/symbol indicated by TDD DL/UL configuration. Moreover, UE shall assume that no SSB is transmitted in a slot/symbol indicated as uplink.
======================== Begin of Text Proposal for Section 11.1 in TS38.213 =====================
11.1	Slot configuration
================================== Text omitted =======================================
For a set of symbols of a slot that are indicated to a UE by higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 or ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated, when provided to the UE.
If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBUrst in ServingCellConfigCommon for a serving cell and if at least one symbol in a slot to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated, overlaps with respective at least one symbol corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE shall assume that no SS/PBCH block is transmitted in REs on the serving cell.
======================== End of Text Proposal for Section 11.1 in TS38.213 ======================
Observation 3: Both Alt.1 (separate RNTI) and Alt. 2 (reuse existing field in DCI) are workable to allow overlap between SIB1 and SI message. The implication of RAN1 spec would need to be investigated further.
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