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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed [1]. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation for NR. 
In past meeting the details relate to the SS block composition have been agreed, covering the SS block periodicity, composition and pattern. In this contribution, we continued the discussion related to assistance information for the SS block based measurements and other procedures. 
This contribution is a revised version of R1-1718611 and update to R1-1720879 aligning the conclusion with the text.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Assistance information related to SS block locations and periodicity
In this section, we consider different information that could be provided for the UE in terms of assisting the UE SS-block based cell detection and monitoring. In this context, different parameters have been considered in past meetings (e.g. in RAN1#87, RAN1#88 and also RAN1#90), in addition to the SS burst set periodicity, like measurement window/duration and location of used SS blocks. 
The periodicity (of SS burst set) has been mostly considered and as per agreements made in RAN1#88, UE behaviour would depend on value and/or availability of this information. It has been agreed in RAN1#88 that NR should support network indication of the SS burst set periodicity and information to derive measurement timing/duration (e.g. time window for NR-SS detection). In RAN1 NR AH I was agreed that Connected more UE’s can be configured with more than one periodicity (for different cells), while in IDLE mode one period (for all the cells) is still assumed. It was further clarified in RAN1#90 that UE may assume a single periodicity for SS/BPCH blocks for a cell. In RAN1#88 it was also agreed that the position of actually transmitted SS-blocks can be informed for the UE, to help the data reception. Earlier in RAN1#87 it was also agreed that NR should support network indication and adaptation of the valid resources that can be used for intra/inter-frequency measurements and reports for connected mode UE’s. Hence several different aspects have been considered to be provided for the UE to steer and facilitate e.g. the UE measurements. In this section, we focus on the SS block related aspects.
2.1	SS burst set period
As per earlier agreements, UE should be made aware what is the SS burst set period used in the network, for both stand-alone and non-standalone cells. In order to allow UE to derive its measurement timing, providing this information would be required from Connected and IDLE mode UE’s. When longer periodicities are considered this information would be most beneficial from IDLE mode UE power consumption perspective. As discussed in [2], different frequency layers could have different type of deployments and therefore different SS burst periodicities, thus it should be possible to provide this information also for inter-frequency layers. It could be considered to enable delivering this information in dedicated manner (e.g. when UE connects to the network first time) and also in broadcast. As per agreements in RAN1 NR AH#2, possibility of providing two periodicities for different group of cells should also be enabled.
[bookmark: _Ref498347880]Observation 1. As per earlier agreements, it should be possible to provide the information on used SS burst set period for each frequency layer, for both, Connected and IDLE mode UEs.
As discussed in RAN1 NR AH#2, the of two periodicities that can be configured for Connected mode UE’s (for different cells), the longer periodicity at which SS block is sent from all cells, would be the same as applied in also in IDLE mode. Then the open question that remains is that, if the given cell uses shorter periodicity, would that information need to be available also for IDLE mode UE’s, at least for the cell on which the UE is camping. Now this information could of course be used by the UE to facilitate the measurements on the camped cell, but could possibly be needed to know to complete knowledge on the used SS block locations. Considering cases where other channels or signals would need to be multiplexed around the SS block, or SS block locations would be needed to be accounted (to adjust) possible static/semi-static DL/UL sub-frame configuration, the UE could be made aware also the actual periodicity used in the given cell (if different than in assumed in IDLE). In RAN1#90 it was agreed that at least single periodicity is configured for the serving cell, separately from SS block based RRM measurement timing configuration (SMTC), at least for rate matching purposes. Currently it is assumed that the periodicity of the SSB for serving cell are indicated in SIB1 for rate-matching purposes. It is assumed that for initial cell selection perspective UE can use this information to measure the SSBs of the serving cell for example for RACH resource selection purposes.
[bookmark: _Ref498347933]Observation 2: UE could determine serving cell SSB periodicity in initial cell selection to based on the periodicity provided for rate-matching purposes in SIB1.
From IDLE mode mobility perspective (e.g. after intial cell selection), providing the actual measurement periodicity assume in measurements could be provided as a part of the other system information would seems sufficient. In LTE, ‘intraFreqCellReselectionInfo’ (in SIB3/4) carriers the necessary information for UE to measure and carry out evaluations for intra-frequency autonomous mobility. As noted above (and discussed in [2]), different frequency layers could have different type of deployments and therefore different SS burst periodicities, thus the periodicities could be different for different frequency layers. In LTE the IE ‘InterFreqCarrierFreqInfo’ in SIB5 carriers the information needed to perform the inter-frequency mobility evaluations. In NR, as UE’s are expected to have valid system information when entering the cell, it would seem sufficient to have this information provided for the UE as a part of the OSI.
[bookmark: _Ref498347946]Proposal 1: For mobility purposes, the information required for IDLE mode measurements is provided in OSI. 


 2.2	Measurement window 
In agreement made in RAN1 meeting #88 in Athens, it was agreed that information to derive measurement timing/duration (e.g. time window for NR-SS detection) could be provided for the UE, in addition to the SS burst set periodicity. In RAN1#89 it was agreed that the SS burst set should be contained to 5ms. In RAN1 NR AH#2 it was agreed that there would be only one SS block based RRM measurement timing configuration (SMTC) per frequency layer. I.e. one set of parameters for measurement window periodicities, duration and offset configuration. It can be understood especially from IDLE mode device perspective, if both, SS burst set periodicity and the measurement window are known, and UE can assume that all the cells for the given frequency layer would be transmitting the SS-blocks during the measurement window UE can steer its measurement activity optimally, thereby reducing the effort and related power consumption. In this spirit it was further considered in RAN1 NR AH#3 what would be possible values for measurement window and following agreement was made:
	Agreements:
· Candidate value(s) for SMTC window duration
· At least 1ms, 5 ms are supported
· FFS other values 




[bookmark: _Ref494288541]Table 1. Number of consecutive SS block locations in a time window
	SSB sub-carrier spacing
	Number of SSBs, L, in a time window

	
	0.5ms
	1ms
	2ms
	2.5ms
	4ms
	5ms

	15
	1
	2
	4
	5
	8
	-

	30
	2
	4
	8
	-
	-
	-

	120
	8
	16
	28
	32
	52
	64

	240
	16
	32
	56
	64
	
	



Table 1 presents the number of SS blocks that can be fit to the time window, starting from the start of the 5ms (half-frame) pattern period. To allow placing the measurement window flexibly in the half-frame, offset would need to be introduced accordingly. 
In RAN1#90bis the half-frame indication was agreed to be carried in DMRS for L≤4 and also in PBCH payload. Also it was agreed that in case of CSI-RS measurements (neighbor cells) the UE should be able to assume network to be “synchronous”. Hence the offset of the measurement window should be restricted to some reasonable value e.g. quarter of radio frame. 
Taking the earlier agreed location patterns in a half-frame as a starting point it can be seen that with 1ms window and 120kHz and 240kHz scs, there are blocks of locations that can be fit to 1ms, and that occur at 1.25ms steps. Considering possible  offset between cells size of multiple of 1.25ms, adding a window size of 2.5ms would enable splitting the measurement window to either half of the half-frame. Thus in addition to the 1ms and 5ms window sizes, 2.5ms window size could also be supported. 

[bookmark: _Ref498347979]Observation 3: For 120kHz and 240kHz SS block location patterns, window sizes that could be at least supported would 1ms, 2.5ms and 5ms.

In case of 15kHz and 30kHz scs, the block are more consecutive and could be partitioned with steps of 0.5ms or 1ms. Hence with 1ms window, to follow the SS block location partition, offsets of [0,1,2,3]ms would be needed. In addition to 1ms and 5ms window value, approximately 2ms window should be supported. (To align with 120khz and 240khz scs, 2.5ms window length could be considered.) 
[bookmark: _Ref498347990]Observation 4: For 15kHz and 30kHz SS block location patterns 1ms, ~2ms and 5ms measurement window size range would be needed.

Aforementioned discussion considered only the case of shifting the measurement window location, while in practice some timing offset between cells would need to be accounted. Hence some option for negative offset would also be needed. Following the assumption discussed in context of half-radio frame indication, it is proposed that offset ranges would allow from -2.5ms to 2.5ms offset.
It would also be preferable to try to align these values for different sub-carrier spacings to simplify the signaling. Hence for example the measurement window durations could be aligned to {1, 2.5, 5}ms. Therefore it is proposed:- 
[bookmark: _Ref498348038][bookmark: _Hlk498952127]Proposal 2: In minimum SMTC parameters should support 1ms, 2.5ms and 5ms measurement window sizes and offset values {-2.5, -1.25, 0, 1.25, 2.5}ms.
As the information of the measurement window placement is related mostly to the neighbour cell measurements, it could be considered whether it is sufficient to provide the possible offsets for the measurement window as a part of OSI for inter-frequency measurements. Note that for inter-frequency case the offset should also allow the measurement location be shifted in terms of radio frame steps. This could be used for example when measuring layers with different periodicities.
[bookmark: _Hlk498689336][bookmark: _Ref498348220][bookmark: _Hlk498952143]Proposal 3: For the inter-frequency layers additional offset information should be provided.

3	 Multiple SS-blocks in Wideband Carrier
In RAN1 NR AH#3 the possibilities for sending multiple SS-blocks were again discussed. RAN1 made an agreement as follows:
	[bookmark: _Hlk494278744]Agreements:
· From UE perspective, a cell is associated with a single SS block
· Note: The cell defining SS block has an associated RMSI
· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 
· Common PRB indexing
· Scrambling
· Etc.
· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier
· Note: This is a clarification of the previous agreement




It has also been discussed that there would be some use to enable different SS blocks to share a RSMI, so that different SS blocks would point to same RMSI CORESET. As discussed above, this would come in question if the multiple SS block are present on the wideband carrier for IDLE mode load distribution purposes (i.e. SSBs added for synchronization purposes would not require valid RMSI information). To enable this few aspects would need to be considered. 
Firstly, it needs to be understood if the RMSI can be placed freely to any frequency location, or is it required that UE reception bandwidth also includes both RMSI and SS block (for frequency and time tracking purposes). As discussed in past meetings, the question is if the transmission of RMSI CORESET and SSB need to be simultaneously confined within the minimum UE bandwidth. If they need to be, the possible RMSI locations would be bound within the UE minimum bandwidth range from a SS block. Note that this does not necessarily prevent multiple SS blocks sharing same RMSI information, but that in this case the SS block (not within the minimum UE bandwidth from RMSI) would need to provide reference to the SS block location that shares the approximate frequency location with RMSI. 
Second, partly related aspect is the range over which the location of the RMSI (CORESET) needs to be addressed. Assuming wide carriers (e.g. several hundreds of MHz) indicating the CORESET frequency location would require large range of bits, unless frequency granularity is significantly reduced. As there is some pressure to keep the NR-PBCH payload restricted, it would seem preferable to limit the addressing options. When designing the NR-PBCH content, it would be desirable not preserve significant amount of spare bits for indicating the possible location of RMSI in a wide range of frequency locations, in addition to the bits required to carry information for the CORESET configuration. Possible alignment with valid SS block locations (SS raster) could be also used here to reduce the range of possible locations, for example to subset of possible SS raster locations. However depending of the range this also could imply large excess information for NR-PBCH. 
To overcome the restriction on the number of bits, while also satisfying that both SS block and RMSI are confined within the UE minimum bandwidth would be to considered that if SS block does not have its “own” RMSI CORESET (i.e. within the normal addressing range), it could direct the UE to SS block location that has a RMSI. Hence SS blocks not having RMSI in the proximity, could indicate not having valid RMSI information, and the CORESET configuration information etc. could be re-used to provide the necessary information about the location of the SS block that that ‘has’ a RSMI. I.e. the NR-PBCH information of SS blocks not having RMSI CORESET within UE minimum bandwidth, would ‘redirect’ the UE to frequency location of the SS block that has valid RMSI CORESET information. This would imply specification of the UE behavior so that it would detect the new SS block and proceed to obtain the RMSI information. After obtaining the RMSI UE would need to return to the ‘initial SSB’ detected for RACH transmission or remain at the SSB which is was redirected to. It is good to note that this kind of procedure would have some ambiguity compared to direct addressing in terms of ensuring that the obtained RMSI information is valid.  
Furthermore, it should be understood bit better what is the intended use case of introducing multiple SSB with corresponding RSMI information to a frequency carrier. Like noted in the beginning, distributing the IDLE mode load could be envisioned as a one reason but it is not clear whether in such cases it would be also preferable to provide RMSI individually for each SSB. To reduce the overhead the additional SSB locations could use less frequent time pattern i.e. longer periodicity for both, SSBs and RMSI. If the SSB are mostly for CONNECTED mode synchronization/tracking purposes, it would not seem necessary to have them to refer to any valid RMSI information. UE finding such SSB (for initial cell search) would continue searching and find additional SSB’s (with valid RMSI). UEs that are already in IDLE (or CONNECTED) would be aware of the valid locations (of SSBs having corresponding RMSI) in terms of inter-frequency measurement information. Thus there would appear to be other means to limit the overhead due to RMSI transmission.
[bookmark: _Ref498348256]Observation 5: The mechanism and feasibility of multiple SS blocks sharing same RSMI information (CORESET) depends on desired flexibility and UE side requirements. The use case and need for many to one mapping between SSB and RMSI would need to be considered.

4	On SSB mapping patterns
In RAN1#90 it was made an agreement to remove the 7-symbol slot support from NR.
	Agreements:
· Remove the support for 7-symbol slots from NR
· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:
· Slot-based scheduling for downlink
· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot
· Non-slot-based scheduling for downlink
· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data
· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified
· Note: the LS includes the motivations of selected values
· Note: Final decision is up to RAN4




 depicts the SSB mapping patterns for 30kHz sub-carrier spacing. When the mapping of SSB to symbols was discussed, enabling the use of 7-symbol slot was the reason for introducing two alternative patterns for 30kHz sub-carrier spacing preserving symbols between mapped blocks for DL and UL control. Now as the support of 7-symbol slot has been removed it is would appear that the need to support two distinct patterns for 30kHz sub-carrier has been removed. Through non-slot based scheduling and allowing more than one switching points per 14-symbol slot similar behaviour (as 7-symbol slot) can be achieved, but it would not necessarily require special SSB mapping pattern. 
As per agreement made in RAN1 NR AH#2 also only a single pattern should be associated per frequency band. During the discussions, it was considered that the selection of the mapping pattern per frequency band should be done by RAN4. 
Hence it is proposed that RAN1 considers whether there is still a need to support two alternatives of SSB mapping pattern for 30kHz sub-carrier spacing and if RAN1 finds that there is a need, inform these to RAN4 and request RAN4 to carry out the mapping per frequency band. If no need for two alternative patterns is seen, and one pattern would suffice, it would seem preferable to remove the redundant pattern from the 38.213.  
[image: ]
Figure 1. Mapping SS blocks to symbols with 30kHz scs

[bookmark: _Ref498348273][bookmark: _Hlk498689562]Proposal 4: RAN1 considers whether there is still a need to support two alternatives of SSB mapping pattern for 30kHz sub-carrier spacing and if RAN1 finds that there is a need, inform these to RAN4 and request RAN4 to carry out the mapping per frequency band. If no need for two alternative patterns is seen, and one pattern would suffice, it would seem preferable to remove the redundant pattern from the 38.213


6	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed the assistance information related to SS blocks and following observations and proposals were made:
Observation 1. As per earlier agreements, it should be possible to provide the information on used SS burst set period for each frequency layer, for both, Connected and IDLE mode UEs.
Observation 2: UE could determine serving cell SSB periodicity in initial cell selection based on the periodicity provided for rate-matching purposes in SIB1. 
Proposal 1: For mobility purposes, the information required for IDLE mode measurements is provided in OSI.
Observation 3: For 120kHz and 240kHz SS block location patterns, window sizes that could be at least supported would 1ms, 2.5ms and 5ms.
Observation 4: For 15kHz and 30kHz SS block location patterns 1ms, ~2ms and 5ms measurement window size range would be needed.
Proposal 2: In minimum SMTC parameters should support 1ms, 2.5ms and 5ms measurement window sizes and offset values {-2.5, -1.25, 0, 1.25, 2.5}ms.
Proposal 3: For the inter-frequency layers additional offset information should be provided.
For the RMSI and SSB mapping following observation was made:-
Observation 5: The mechanism and feasibility of multiple SS blocks sharing same RSMI information (CORESET) depends on desired flexibility and UE side requirements. The use case and need for many to one mapping between SSB and RMSI would need to be considered.
On the SSB mapping patterns following proposal is made:-
Proposal 4: RAN1 considers whether there is still a need to support two alternatives of SSB mapping pattern for 30kHz sub-carrier spacing and if RAN1 finds that there is a need, inform these to RAN4 and request RAN4 to carry out the mapping per frequency band. If no need for two alternative patterns is seen, and one pattern would suffice, it would seem preferable to remove the redundant pattern from the 38.213
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