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Introduction
This contribution discusses initial access and mobility in NR-U.
[bookmark: _Ref494215420]
SSBs transmission mechanism
There are mainly three candidate mechanisms proposed in [1] for SSBs transmission.
	Agreement:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB



First of all, we should clarify the terminology “the burst set transmission” mentioned in Alt-2. In our understanding, it means the actually transmitted SSBs after a successful LBT, which includes the SSBs within the transmitted DRS.

Comparing Alt-1 and Alt-2
In our view, Alt-1 and Alt-2 are similar, and only difference may be the LBT timing. 
Example in the following figure shows the difference between Alt-1 and Alt-2.

Figure 1: Example of Alt-1 and Alt-2
In our view, Alt-1 does not mean any shifting of SSBs at TX side. Similar to Alt-2, all possible time locations of SSBs can be defined a prior, which leads to the similar implementation complexity at TX side. The more appropriate description of Alt-1 could be: 
· Alt-1: Begin SS-burst-set transmission if LBT is successful, where LBT is performed before each of predefined SS-burst-sets 
Regardless of LBT, Alt-1 and Alt-2 are similar in our view. Specification can define all possible time locations of SSBs. In this sense, the common point of Alt-1 and Alt-2 is that there are multiple SS-burst-sets successively transmitted, i.e. all possible time location of SSBs. The main different point between Alt-1 and Alt-2 may be LBT timing.
From above discussion, Alt-1 and Alt-2 could be rewritten as follows:
	· Alt-1a: All possible time location of SSBs of multiple SS-burst-sets are pre-defined, and LBT is performed before SS-burst-set
· Alt-2a: All possible time location of SSBs of multiple SS-burst-sets are pre-defined, and LBT is performed before SSB



From perspective of UE complexity, Alt-1a may have lower complexity w.r.t. the soft-combination of SSBs. It is preferred that UE can perform soft-combination within “the burst set transmission”, due to PSD restriction of TX side under unlicensed band regulation. For Alt-2a, it seems hard for the time indexes within “the burst set transmission” to be conveyed by PBCH DMRS, and thus the soft-combination of PBCH may be difficult. For Alt-1a, due to non-overlapping property of “the burst set transmissions”, the time indexes within “the burst set transmission” can be conveyed by PBCH DMRS.
Observation 1: Alt-2a offers more TXOP, but may also cause implementation complexity of the soft-combination within “the burst set transmission”.

Therefore, we slightly prefer Alt-1a.
Proposal 1: Consider the following alternative: 
· Alt-1a: All possible time locations of SSBs of multiple SS-burst-sets are pre-defined, and LBT is performed before SS-burst-set.

Alt-3
For Alt-3, we guess that Alt-3 also have meaning that “all possible time location of SSBs for multiple SS-burst-sets are pre-defined”, but it is more addressed that network has flexibility to choose which SSB to be transmitted. In our view, the flexibility is already supported in R15 NR, and the coverage issue caused by choosing different SSBs in different SS-burst-set is left to gNB implementation. 
Therefore, we have the following observation.
Observation 2: In NR-U, the flexibility of gNB to choose which SSB to be transmitted has no impact on standardization.

Time index
Usages of time index
Time index of SSB can be used for timing information and mapping relationship. 
· Timing information: UE can derive the timing information according the pre-defined time locations of SSBs within the window of DRS, since the window of DRS are fixed and periodical. 
· The mapping relationship: UE can get the mapping relationship according to the association between SSB within “the burst set transmission” and the associated physical channel, with the following use cases:
· Mapping to the associated PRACH, and
· Mapping to the associated PDCCH, e.g. paging/OSI PDCCH.
The following figure shows an example of mapping relationship.


Figure 2: Example of mapping relationship

Hence, we propose to study mechanism for support two functionalities of the time index of SSB.
Proposal 3: Study mechanism supporting two functionalities in the time index of SSB in NR-U.
· Timing information.
· Mapping relationship between SSB and PRACH/paging/OSI.

Alternatives of time index
In R15 NR, the time index of an SSB can represent timing information and mapping relationship. However, in NR-U, due to LBT failure, the time index of an SSB may not directly represent timing information and mapping relationship. So, the time indexing mechanism could be revised. There are several alternatives shown as follows:
· Alt-1: Define a set of “global” time indexes which are pre-defined for all possible time locations of SSBs.
· The global time index can provide timing information directly;
· The global time index can be converted to the “local” time index (e.g. modulo N in [2]), which provides mapping relationship.
· Alt-2: Define two sets of time indexes.
· Set 1 of time indexes can convey SS-burst-set index;
· Set 2 of time indexes can convey index inside SS-burst-set, which can also regarded as the local time index;
· Set 1 + Set 2 can provide timing information;
· Set 2 can provide mapping relationship.
Example of the above alternatives can be shown in the following figure.


Figure 3: Example of Alt-1 and Alt-2 for time index
The following table compare the above alternatives:
Table 1: Comparison between Alt-1 and Alt-2
	
	Alt-1
	Alt-2

	Flexibility
	Lower, since conversion from the global time index to the local time may be a predefined rule.
	Higher. The interpretation of bits for time index can be changed for future release.

	Overhead
	Similar. The same information indeed.
	Similar. The same information indeed.

	Standardization efforts
	Similar. Time indexes of 64 time locations can be reused, i.e. 3bits in PBCH-DMRS + 3bits in PBCH payload.
	Similar. Time indexes of 64 time locations can be reused, i.e. 3bits in PBCH-DMRS + 3bits in PBCH payload.

	gNB implementation complexity
	Similar. All SSBs can be constructed at gNB a prior.
	Similar. All SSBs can be constructed at gNB a prior.

	UE implementation complexity
	Similar.
	Similar.



We have no strong preference for above two alternatives, but we may down select an alternative in future.
Proposal 2: Down select the following alternatives for time index of SSB in NR-U.
· Alt-1: Define a set of “global” time indexes can be pre-defined for all possible time locations of SSBs.
· Alt-2: Define two sets of time indexes.

Number of time indexes
Assuming that the maximum duration of DRS is 1ms and the window length of DRS is 5ms, we have evaluation of number of time indexes in the following table.
Table 2: Number of time indexes
	
	30kHz subcarrier spacing
	60kHz subcarrier spacing

	The maximum number of SSBs within “the burst set transmission” 
	4 (2 SSBs per slot)
	8 (2 SSBs per slot)

	The maximum number of SSBs within the window of DRS
	20
	40



It can be observed that up to 64 time indexes defined in R15 NR can be reused.

Paging
Currently, the PDCCH monitoring occasions for paging are defined in [3] as follows:
	[bookmark: _Hlk515815985]The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace ([4] section 10) and firstPDCCH-MonitoringOccasionOfPO if configured and. Otherwise, the PDCCH monitoring occasions for paging are determined according to the default association (i.e. PDCCH monitoring occasions for paging are same as for RMSI as defined in Section 13 in [4]) otherwise.]). 
For default association, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.
For non-default association (i.e. when paging-SearchSpace is used), the UE monitors the (i_s + 1)th PO where the first PO starts in the PF. The PDCCH monitoring occasions for paging which are not overlapping with UL symbols are sequentially numbered from zero starting from the 1st PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the (i_s + 1)th PO is a set of 'S' consecutive PDCCH monitoring occasions for paging starting from the PDCCH monitoring occasion indicated by firstPDCCH-MonitoringOccasionOfPO (i.e. the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter). Otherwise, the (i_s + 1)th PO is a set of 'S' consecutive PDCCH monitoring occasions for paging starting from the (i_s * S)th  PDCCH monitoring occasion for paging where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SystemInformationBlock1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB.


 
Association between SSB and Paging PDCCH
For default association, the monitoring occasions of paging PDCCH is the same as that of RMSI PDCCH. It was agreed that RMSI PDCCH is included in a contiguous burst, namely DRS, in [1].
	Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.



It may cause possible problem of lack of resource, since the periodicity of RMSI PDCCH/PDSCH follows the periodicity of DRS which may be sparse. But, PO definition for default association may not be changed, and it is also suitable for cell with small number of UEs.
For non-default association, the monitoring occasions of paging PDCCH is determined by UE from RRC signaling of search space set and PO defined for non-default association. PO defined for non-default association guarantees the one-to-one successive mapping between the monitoring occasions and the actually transmitted SSBs. In our view, PO definition for non-default association may not be changed.

Mapping relationship between SSB and paging PDCCH
In NR-U, as mentioned in Section 2.3, the mapping relationship between SSB and paging PDCCH should be considered, and the defined time indexes for mapping relationship can guarantee the appropriate SSB mapping to the associated paging PDCCH.

OSI
It was agreed in RAN2 that OSI will be transmitted in the configured windows.
Mapping relationship between SSB and OSI PDCCH
Similar as paging PDCCH, in NR-U, as mentioned in Section 2.3, the mapping relationship between SSB and OSI PDCCH should be considered, and the defined time indexes for mapping relationship can guarantee the appropriate SSB mapping to the associated OSI PDCCH.

Conclusion
We have the following proposals.
Proposal 1: Consider the following alternative: 
· Alt-1a: All possible time locations of SSBs for multiple SS-burst-sets are pre-defined, and LBT is performed before SS-burst-set.
Proposal 2: Down select the following alternatives for time index of SSB in NR-U.
· Alt-1: Define a set of “global” time indexes can be pre-defined for all possible time locations of SSBs.
· Alt-2: Define two sets of time indexes.
Proposal 3: Study mechanism supporting two functionalities in the time index of SSB in NR-U.
· Timing information.
· Mapping relationship between SSB and PRACH/paging/OSI.
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