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1. Introduction
In this document, we discuss on the details for neighbor cell time information acquisition and Paging.

2. Neighbour Cell Time information Acquisition without PBCH decoding
Summary of current neighbor cell time information acquisition method
In order to resolve this problem of timing acquisition of neighbor cell without PBCH decoding, we were discussing the assumption of time synchronization accuracy between serving cell and target cell. At least, for PRACH configuration, we decided to assume the tolerance of frame boundary between cells is +/-5ms in FDD (paired spectrum) case. Also, for RRM measurement, in TDD (unpaired spectrum) and same frequency layer case, RAN4 agreed that tolerance of frame boundary alignment is min(2 SSB symbols, 1 data symbol) when the parameter useServingCellTimingForSync is set to ‘true’. However, so far, the discussion of assumption for the tolerance of frame boundary between cells in the other case (i.e. FDD to TDD, TDD to FDD, and TDD to TDD (inter frequency)) remains. In RAN1#94, for PRACH configuration, we were discussing about the time synchronization accuracy for the other cases, but final decision was not reached due to lack of discussion. 
In table 1, we provide a summary of neighbor cell time information acquisition method depending on the handover/RRM scenario(s).

Table 1. Summary of neighbor cell time information acquisition method depending on the handover/RRM scenario(s).
	Serving cell
	Target cell
	Neighbour cell Time Information Acquisition
	The tolerance of frame boundary between cells

	
	
	SS/PBCH Block index
	Half Frame
	

	FDD
	FDD (~3.0GHz)
	PBCH DMRS (LSB 2bits)
	PBCH DMRS & Payload
	+/- 5ms

	
	TDD (~2.4GHz)
	PBCH DMRS (LSB 2bits)
	PBCH DMRS & Payload
	[+/- 5ms] 
(Need further discussion)

	
	TDD (2.4GHz~ 6.0GHz)
	PBCH DMRS (LSB 3bits)
	PBCH Payload only
	

	
	TDD (6.0GHz ~ 52.6GHz)
	PBCH DMRS (LSB 3bits)
PBCH Payload (MSB 3bits)
	PBCH Payload only
	

	TDD
	FDD (~3.0GHz)
	PBCH DMRS (LSB 2bits)
	PBCH DMRS & Payload
	[+/- 5ms] 
(Need further discussion)

	
	TDD (~2.4GHz)
	PBCH DMRS (LSB 2bits)
	Same with serving cell
	[+/- 2.5ms] 
(Need to discuss)

	
	TDD (2.4GHz ~ 6.0GHz)
	PBCH DMRS (LSB 3bits)
	Same with serving cell
	

	
	TDD (6.0GHz ~ 52.6GHz)
	PBCH DMRS (LSB 3bits)
PBCH Payload (MSB 3bits)
	Same with serving cell
	

	
	TDD (Same frequency layer)
	Same with serving cell
	Same with serving cell
	MIN(2 SSB symbols, 1 data symbol)
when ‘useServingCellTimingForSync’ is true



Actually, we need further discussion about the tolerance of frame boundary between cells for other cases (i.e. FDD to TDD, TDD to FDD, and TDD to TDD). But, if we consider already agreed assumption for FDD which could be asynchronous network, it seems reasonable to assume that the tolerance is +/-5ms for two cases (i.e. FDD to TDD, TDD to FDD). Also, similar with LTE case, we can assume that the tolerance is +/-2.5ms for TDD to TDD case.
Proposal 1: 
· UE assume that the tolerance of frame boundary between cells is +/-5ms for two cases (i.e. FDD to TDD, TDD to FDD), and is +/-2.5ms for TDD to TDD case.

Based on the above assumption of the tolerance of frame boundary between cells, we can see that for three cases (i.e. FDD to TDD (2.4GHz~ 6.0GHz), FDD to TDD (6.0GHz~ 52.6GHz), TDD to TDD (6.0GHz ~ 52.6GHz)), PBCH decoding is required for neighbor cell time information acquisition. Therefore, in order to resolve the problem in remaining cases, we need to discuss how to obtain time information for neighbor cell without PBCH decoding.
Observation 1: 
· For three cases (i.e. FDD to TDD (2.4GHz~ 6.0GHz), FDD to TDD (6.0GHz~ 52.6GHz), TDD to TDD (6.0GHz ~ 52.6GHz)), PBCH decoding is required for neighbor cell time information acquisition.
· FDD to TDD (2.4GHz~ 6.0GHz): For Half Frame information
· FDD to TDD (6.0GHz~ 52.6GHz): For both SS/PBCH index (3 MSB bits) and Half frame
· TDD to TDD (6.0GHz ~ 52.6GHz): For SS/PBCH index (3 MSB bits)

Sequence based time information acquisition
In several meeting, we have already observed that sequence detection based time information acquisition of neighbour cell should become a solution for time information acquisition without PBCH decoding. In NR, since the sequence of reference signal is designed to identify the OFDM symbol and slot position, the sequence of RS can be used to detect the symbol position and slot position. 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, OFDM symbol number and slot number within a frame, it is possible to acquire time position (i.e. OFDM symbol and 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 can try to detect frame boundary using correlation property of the configured CSI-RS sequence at candidate position within a frame. In FR1 case, UE may assume two hypothesis where the detected SSB can be located within a frame. And, for above 6GHz case, UE may assume max sixteen hypothesis considering possible OFDM symbol and slot position where the detected SS/PBCH block can be located within a frame. 

After receiving HO command
At least for the handover case, we can adopt CSI-RS sequence detection based time information acquisition. Especially, CSI-RS for beam management and tracking is the UE mandatory feature, and a UE always expects to be configured CSI-RS by the CSI-MeasConfig IE in handover command message. After receiving the HO command, UE may start to operate the sequence detection by using CSI-RS sequence for timing acquisition. One advantage of CSI-RS sequence detection is to guarantee the fast timing acquisition compared with PBCH decoding.
So, for handover purpose, a UE is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter CSI-MeasConfig. For further details, we may consider below:
· CSI-RS for beam management or tracking could be assigned at or around the OFDM symbol(s) which contain(s) SS/PBCH block.
· UE may assume that QCL condition for both SS/PBCH block and CSI-RS is same. 
· UE may assume that the period of CSI-RS is same with that of SS/PBCH block. 

Observation 2: 
· If CSI-RS resource for target cell is configured, a UE acquires time information (i.e. OFDM symbol and slot number) by detection of CSI-RS sequence. 
· CSI-RS for beam management and/or tracking is the UE mandatory feature, and a UE can be configured CSI-RS by the CSI-MeasConfig IE in handover command message.
Proposal 2: 
· For handover, a UE is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter CSI-MeasConfig.

Before receiving HO command, or for neighbor cell measurement
In the same way, in RRM, gNB can configure the CSI-RS resource for measurement. So, for inter/intra-frequency measurement, a UE is expected to receive the higher layer UE specific configuration of CSI-RS-ResourceConfigMobility. In order to achieve the time position, UE may assume multiple hypotheses for the CSI-RS sequence detection. For example, when UE want to achieve only half frame information, UE may assume two hypotheses whether the detected SSB is located at 1st half frame or 2nd half frame. Also, when UE want to achieve both SSB index and half frame information, UE may assume sixteen hypotheses.
Proposal 3: 
· For inter/intra-frequency measurement, a UE is expected to receive the higher layer UE specific configuration of CSI-RS-ResourceConfigMobility.

In the other way, we can consider to adopt new sequence for indicating SS/PBCH block index (3 MSB bits) and/or half frame information. Similar with CSI-RS sequence, the sequence could be designed. Also, the sequence could be configured by higher layer UE specific configuration. For example, the total sixteen different sequences can be introduced for SS/PBCH block index (3 MSB bits) and half frame information. Among the sequences, first eight sequences can be used for SS/PBCH block index (3 MSB bits) for the first half frame, and remaining eight sequences can be used for SS/PBCH block index (3 MSB bits) for the second half frame.

3. Discussion on Paging
PF and PO configuration
According to the latest CR in RAN2 [1], PF can have up to four POs and first PDCCH monitoring occasion of each PO is explicitly assigned with first_PDCCH-MonitoringOccasionOfPO. In that case, there can be some problems and it will be discussed in this document. Firstly, at least, if information about paging information is transmitted through RMSI, each the configured PO is repeated until just before next RMSI transmission. As a result, the beam direction for each PO located before next RMSI may conflict with the beam direction for next promised SS/PBCH block transmission. On the other hand, at the time of the next SS/PBCH block transmission, the beam direction for next SS/PBCH block transmission can be same as beam direction for the configured PO with previous RMSI or not. As a result, if the latest agreement discussed in RAN2 is applied, the network should consider beam direction between SS/PBCH block and PDCCH monitoring for paging before transmission of information related to paging.
Observation 3:
·  If the latest agreement discussed in RAN2 is applied, the beam direction for each PO located before next RMSI may conflict with the beam direction for next promised SS/PBCH block transmission.
Observation 4: 
· The network should consider beam direction between SS/PBCH block and PDCCH monitoring for paging before transmission of information related to paging.

Secondly, in TDD system, it is agreed that NR supports 2 concatenated DL-unknown-UL periodicity and the periodicity is composed of first periodicity (X) and second periodicity (Y). Additionally, each X and Y may have {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms. That is, even though the entire periodicity(X+Y) may have 20ms, each odd/ even frame may have a different slot/symbol pattern. As a result, it can be impossible to configure every POs with one common parameter (first_PDCCH-MonitoringOccasionOfPO) since even and odd frame has different DL/Flexible/UL symbol format. The easiest way to solve this problem is to adopt additional one parameter (second_PDCCH-MonitoringOccasionOfPO) representing even or odd frame and it is turn on/off depending on 1bit indication indicating whether second periodicity is exist or not in concatenated DL-unknown-UL periodicity. 
Observation 5:
· Since NR supports 2 concatenated DL-unknown-UL periodicity, each odd/ even frame may have a different slot/symbol pattern. As a result, configuring each PDCCH’s locations with one common parameter (first_PDCCH-MonitoringOccasionOfPO) can be impossible.
· It seems that adopting additional one parameter (second_PDCCH-MonitoringOccasionOfPO) to represent even / odd frames separately is the simplest way to solve problem.

Conclusion
In this contribution, we discuss on the details for neighbor cell time information acquisition, and Paging. As a conclusion of the discussion, we summarize proposals as follows:

Neighbour Cell Time information Acquisition without PBCH decoding
Proposal 1: 
· UE assume that the tolerance of frame boundary between cells is +/-5ms for two cases (i.e. FDD to TDD, TDD to FDD), and is +/-2.5ms for TDD to TDD case.

Observation 1: 
· For three cases (i.e. FDD to TDD (2.4GHz~ 6.0GHz), FDD to TDD (6.0GHz~ 52.6GHz), TDD to TDD (6.0GHz ~ 52.6GHz)), PBCH decoding is required for neighbor cell time information acquisition.
· FDD to TDD (2.4GHz~ 6.0GHz): For Half Frame information
· FDD to TDD (6.0GHz~ 52.6GHz): For both SS/PBCH index (3 MSB bits) and Half frame
· TDD to TDD (6.0GHz ~ 52.6GHz): For SS/PBCH index (3 MSB bits)
Observation 2: 
· If CSI-RS resource for target cell is configured, a UE acquires time information (i.e. OFDM symbol and slot number) by detection of CSI-RS sequence. 
· CSI-RS for beam management and/or tracking is the UE mandatory feature, and a UE can be configured CSI-RS by the CSI-MeasConfig IE in handover command message.
Proposal 2: 
· For handover purpose, a UE is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter CSI-MeasConfig.
Proposal 3: 
· For inter/intra-frequency measurement, a UE is expected to receive the higher layer UE specific configuration of CSI-RS-ResourceConfigMobility.

PF and PO configuration
Observation 3:
·  If the latest agreement discussed in RAN2 is applied, the beam direction for each PO located before next RMSI may conflict with the beam direction for next promised SS/PBCH block transmission.
Observation 4: 
· The network should consider beam direction between SS/PBCH block and PDCCH monitoring for paging before transmission of information related to paging.
Observation 5:
· Since NR supports 2 concatenated DL-unknown-UL periodicity, each odd/ even frame may have a different slot/symbol pattern. As a result, configuring each PDCCH’s locations with one common parameter (first_PDCCH-MonitoringOccasionOfPO) can be impossible.
· It seems that adopting additional one parameter (second_PDCCH-MonitoringOccasionOfPO) to represent even / odd frames separately is the simplest way to solve problem.
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Appendix B. Previous agreements
	RAN#81 [1]
RP-182071	CR 38.213 on Change of carrier frequency lower boundary supporting 	CMCC
	maximum 8 SS/PBCH blocks
conclusion: This CR is approved under the condition that, in upcoming WGs discussion on inter-frequency RRM/handover, solution(s) based on neighbor cell’s PBCH decoding is excluded
The document was approved.



	Paging related RAN2 agreements [2]

PCCH-Config ::=				SEQUENCE {
	defaultPagingCycle					PagingCycle,
	nAndPagingFrameOffset				CHOICE {
		oneT								NULL, 
		halfT								INTEGER (0..1),
		quarterT							INTEGER (0..3),
		oneEighthT							INTEGER (0..7),
		oneSixteenthT						INTEGER (0..15)
	},
	ns									ENUMERATED {four, two, one},
	firstPDCCH-MonitoringOccasionOfPO	CHOICE {
		sCS15KHZoneT																SEQUENCE (SIZE (1..4)) OF INTEGER (0..139),
		sCS30KHZoneT-SCS15KHZhalfT													SEQUENCE (SIZE (1..4)) OF INTEGER (0..279),
		sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT									SEQUENCE (SIZE (1..4)) OF INTEGER (0..559),
		sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT				SEQUENCE (SIZE (1..4)) OF INTEGER (0..1119),
		sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT	SEQUENCE (SIZE (1..4)) OF INTEGER (0..2239),
		sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT					SEQUENCE (SIZE (1..4)) OF INTEGER (0..4479),
		sCS120KHZoneEighthT-SCS60KHZoneSixteenthT									SEQUENCE (SIZE (1..4)) OF INTEGER (0..8959),
		sCS120KHZoneSixteenthT														SEQUENCE (SIZE (1..4)) OF INTEGER (0..17919)
	}	OPTIONAL,			-- Need R
	...
}



[bookmark: _GoBack]
