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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 R1-1716523.
[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.
Observation: 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.
Now from IDLE mode perspective, providing the periodicity as a part of the broadcasted system information seems natural.  In LTE, ‘intraFreqCellReselectionInfo’ carriers the necessary information for UE to measure and carry out evaluations for intra-frequency autonomous mobility. As it was agreed in RAN1#90 that SS burst set periodicity is not carried in NR-PBCH payload, it would be natural include this information as a part of RMSI for IDLE intra-frequency cells. As UE can assume that same periodicity is used in all intra-frequency cells, it would be sufficient to provide one value, requiring limited number of bits. 
Proposal: The SS block periodicity of the intra-frequency is provided in RMSI. 
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.
Observation: In case two periodicities are used in the intra-frequency frequency layer, it should be considered if both needs to be provided for also for the IDLE mode UE, at least if the cell on which the UE is camping uses actually the shorter periodicity.
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. Now 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.
Proposal: For inter-frequency mobility purposes, the used periodicity for inter-frequency frequency layer 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 on 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 




In case of ideally synchronized network the placement of the measurement window for intra-frequency measurements could be related to the serving cell, like illustrated in Figure 1 (a) and (b). I.e. with tightly synchronized networks the possible time locations of SS blocks can be known and thereby UE can determine the measurement window location to cover all the cells. When considering the different number of beams and the patterns of the possible SS block locations in the half-frame agreed in past meetings, following values can be derived for different sub-carrier spacings:
[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. The number of offset values is determined by the smallest window. 
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. Hence being able to shift the 1ms window location at 1.25ms offset steps would seem preferable. Considering the offset size in 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. Corresponding offset values would be cover [0, 1.25, 2.5, 3.75,]ms. It could also be considered introducing additional window size below 1ms, e.g. 0,5ms, but that would require adding additional step sizes to account the location pattern i.e. offsets for above 6GHz should cover [0, 0.5, 1.25, 1.75, 2.5, 3, 3.75, 4.25]ms. 
Observation: For 120kHz and 240kHz SS block location patterns, window sizes that could be at least supported would 1ms, 2.5ms and 5ms, with corresponding offset values [0, 1.25, 2.5, 3.75,]ms.
Observation: For 120kHz and 240kHz SS block location patterns, supporting additionally 0.5ms measurement window size offsets value range needed would be [0, 0.5, 1.25, 1.75, 2.5, 3, 3.75, 4.25]ms. 
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.) Again if lower window size is desired, e.g. 0.5ms, additional offsets would be needed i.e. [0.5, 1.5, 2.5 ]ms
Observation: For 15kHz and 30kHz SS block location patterns, with 1ms, ~2ms and 5ms measurement window size, offsets value range needed would be [0, 1, 2, 3]ms.
Observation: For 15kHz and 30kHz SS block location patterns, with 0.5ms window size in addition to 1ms, ~2ms and 5ms window sizes, offsets value range needed would be [0, 0.5, 1, 1.5, 2, 2.5, 3]ms.
Proposal: In minimum SMTC parameters should support,
· For 15kHz and 30kHz, 1ms, [2.5]ms and 5ms measurement window sizes and offset values {0, 1, 2, 3}ms.
· For 120kHz and 240kHz, 1ms, 2.5ms and 5ms measurement window sizes and offset values {0, 1.25, 2.5, 3.75}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.
Proposal: Measurement window related parameters are provided for the inter-frequency layers in OSI.

2.3	Information of the used SS-blocks locations 
RAN1#88 it was agreed that the position of actually transmitted SS-blocks can be informed for the UE, to help the data reception. It was left open whether this would be available only for Connected mode UE’s or if this should be also provided for IDLE mode UEs. Similarly, it could be considered whether the information would be needed (useful) only for serving/camped cell, or whether this information could be also provided for intra-frequency neighbours. In RAN1 NR AH#3, it was agreed that the actually used locations on the given cell would be indicated via RMSI, and group bit map (of 8 bits) + pattern bit map (of 8 bits) were taken as working assumption.
When considering connected mode measurements, for neighboring cells, the extent and level of information needed can be slightly different. On high level UE should be able to optimize its measurement timing in some extent when equipped with SS burst set periodicity and measurement window information, and known possible SS block locations. I.e. if it is assumed that UE does the monitoring/search and possible measurements based on the measurement window, there would not be any need for the exact SS block locations. Fully optimizing the measurement occasions (based on SS block locations) would in principle require UE to know the used locations in all (considered) neighboring cells. This may result rather extensive neighbor cell list -type of information. Of course, there are different levels that could be considered e.g. if all the cells use exactly same locations or part of locations in a subset of total locations, the amount of information could be reduced. This would could however reduce the network flexibility. Providing detailed information only for detected neighboring cells would not seem to enable significant optimization of the measurements as UE would still need to monitor for new cells. Of course, this information could be used to account the reserved resources for example when CSI-RS configuration for the neighbor cell is given, thus could be considered for selected cells when needed. 
As discussed in [2], it can be understood that in case of inter-frequency layers the deployments could be different, resulting different number of beams/SS-blocks used. However, for intra-frequency case similar could be also true, and different cells could have different beam configurations which would need to be reflected for example in RACH configurations. This would mean that the number of SS-blocks used in different cells could be different. E.g. like illustrated in Figure 1, cells that have less beams (Cell B and C in the figure) would still have same SS burst set periodicity as Cell A, but transmit SS blocks only on part of the SS occasions (needed to cover all the intended SS blocks). From UE measurement perspective, this would be transparent if UE would steer its measurements based on the SS burst set periodicity and measurement window. If exact locations would be informed to the UE (in IDLE and/or neighbouring cells) this information would obviously need to be cell specific. When considering the possibility that e.g. (synchronised) network would try to multiplex the used SS-block locations of different cells for example to avoid interference, and the number of used SS-blocks would be large, it could be that the benefit of the information could be limited. Of course, there could be argued that there could be some merit for devices that do not use omni RX beam pattern for the measurements, to facilitate the measurement beam arrangement for the UE. However as UE’s would need to perform measurements from different cells with different RX beams to ‘train’ the best beam, thus optimization would seem difficult. Also as discussed in previous section, in deployments where the number of beams is restricted, together with the locations, SMTC information would help UE to determine the measurement timing. 
Observation: Need to provide the information regarding the used SS-block locations from all the cells for Connected ofIDLE mode UE’s, does not seem mandatory and should not be further considered.
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[bookmark: _Ref494557603]Figure 1: Illustration of SS-blocks of cells with different beam configuration

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




As the NR is designed to operate with wideband spectrum allocations as a single carrier with single SS-block, the simplest deployment method for wideband carrier is to have only single SS-block. The UE during initial access would receive the SS-block and use a given bandwidth part for initial access to receive RMSI/OSI. After moved to RRC connected the UE would be configured with UE specific PDCCH monitoring location(s) in frequency. Other alternative supported by the past agreements in depicted in Figure 2, where each SS-block defines logically own cell, with capability to address the full system bandwidth with single DCI scheduling decision. There each SS block, via which the UE access the cell, would be associated with the cell as shown in the figure. This would allow having multiple SS-blocks to distribute the UEs in Idle/Inactive mode to different SS-block to reduce e.g. paging and RACH related load in single common search space. The additional required capability is that network can indicate that PRB grid is consistent and address with single DCI scheduling decision from either cell the complete spectrum. For single UE each SS-block would be independent and wideband UE without additional synchronization information would ignore additional SS-block (e.g. indicated as reserved resources).  
In document in [4] it was also analysed when and what kind of UE could be needing the additional SS-block. The conclusion was that additional synchronization is needed if UE uses multiple separate RF-blocks to receive complete carrier and UE cannot share timing between carriers. As this would impact to system deployment as well as network operation it should be discussed whether such UE capability is to be defined. Additionally, it was found that additional synchronization is not needed during connection setup nor low date rate communication, thus information can be provided either with dedicated RRC signalling or on OSI. Clearly in such case the used PCI value in SS-block can be signalled, thus this aspect is not decisive for defining whether PCI should be same or not. As a result of allowing the SS raster not to be placed to the PRB raster of the carrier (by the agreement to inform the offset in NR-PBCH [5]) it would also appear good to consider whether these additional synchronisation blocks could be placed PRB raster instead of SSs raster. If the addition SS blocks would not be needed from system perspective, for example to distribute the IDLE mode load, as discussed above, thus they would not need to be detectable through normal IDLE more cell search procedures. Therefore, it could be considered if these additional SS blocks would not need to be on SS raster. By allowing these additional SS blocks to be placed on PRB raster, and the location informed for the UE for additional synchronisation purposes, the reserved resources would be minimized (as there is no tone offset requiring one overhead PRB). Furthermore, if these ‘off-SS-raster’ SS blocks would be only present as additional synchronisation signal, and not mistaken by IDLE mode UEs for actual cells, there would not be need to transmit them always, but only when certain UEs would require them. Also the period of these additional SS blocks could be chosen more freely, i.e. have longer periodicity than for actual SS blocks.
[bookmark: _Hlk494277684]Observation: Enabling additional SS blocks to be placed on a carrier to PRB raster (independently of SS raster), could facilitate introduction of them in flexible manner, on need basis only.  
Measurement configurations related to wideband carriers, possibly with multiple bandwidth parts has also been discussed in past RAN1 meeting. It has been considered how these possible SS blocks should be handled from measurement perspective, and whether UE, equipped with the knowledge of them corresponding to same “cell” should process them differently. In general case, these additional SS blocks could be placed to different bandwidth parts, and UE might not be able or be required to measure them at same time. Hence it would seem evident that there needs to be mechanism in place to allow these to be configured as separate measurement objects. Furthermore, as from system perspective, it should be possible to operate with single SS block (burst set) only, it would seem that any special handling of these possible additional SS blocks could be seen as an optimization/enhancement and would not address the ‘worst case’ with single SS block. Therefore, it would seem sufficient that at least in context of Rel-15 the measurements procedures related to the additional SS blocks would be handled via inter-frequency measurement configuration [6].
Observation: Measurements of additional SS blocks on wideband carrier could be handled via normal inter-frequency measurement configuration.
[image: ]
[bookmark: _Ref489874451]Figure 2: System configuration based on individual SS blocks 

However, in previous meeting it was noted that PCI value impacts the used other signals was discussed and whether above configuration is possible. The possible issues were identified to be the following: 
1. PRB indexing and which location is considered as reference point for initial access as well as connected mode transmission.
2. DRMS of the PDCCH transmitted in CORESET and DRMS for BW part used for initial access signaling. 
3. CSI-RS for L3 mobility
4. CSI-RS for MiMo link adaptation
5. Dedicated DRMS for PDCCH and PDSCH
[bookmark: _Ref492895975]For PRB indexing, it is evident that carrier grid resulting subcarrier spacing, and PRB grid needs to be aligned. We assume that CORESET bandwidth do not overlap between cells and thus PRB reference point for cell 1 and cell 2 for initial access can be different in configuration shown in Figure 2. This manner it can be ensured that two UEs entering to the system via different SS-block will consider same PRB as PRB #0. 
Similarly, as the PRB reference point for initial access we see that DRMS for initial access (case2), it can be considered that those can be independent from each other. 
For CSI-RS for L3 mobility, CSI-RS for MiMo link adaptation, or UE dedicated DMRS for PDCCH and PDSCH we consider that any sequence initialization for scrambling can be configured UE specific manner, similarly as in LTE (higher than TM7, and CSI-RS ID). Thus when network sets the PRB reference point same we do not see any issue to allow operation as shown in in Figure 2.
Observation: PCI values between two SS-blocs in wideband carrier can be same or different. 
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.  
Observation: The mechanism and feasibility of multiple SS blocks sharing same RSMI information (CORESET) depends on desired flexibility and UE side requirements. 

5	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: 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.
Proposal: The SS block periodicity of the intra-frequency is provided in RMSI. 
Observation: In case two periodicities are used in the intra-frequency frequency layer, it should be considered if both needs to be provided for also for the IDLE mode UE, at least if the cell on which the UE is camping uses actually the shorter periodicity.
Proposal: For inter-frequency mobility purposes, the used periodicity for inter-frequency frequency layer is provided in OSI. 
Observation: For 120kHz and 240kHz SS block location patterns, window sizes that could be at least supported would 1ms, 2.5ms and 5ms, with corresponding offset values [0, 1.25, 2.5, 3.75,]ms.
Observation: For 120kHz and 240kHz SS block location patterns, supporting additionally 0.5ms measurement window size offsets value range needed would be [0, 0.5, 1.25, 1.75, 2.5, 3, 3.75, 4.25]ms. 
Observation: For 15kHz and 30kHz SS block location patterns, with 1ms, ~2ms and 5ms measurement window size, offsets value range needed would be [0, 1, 2, 3]ms.
Observation: For 15kHz and 30kHz SS block location patterns, with 0.5ms window size in addition to 1ms, ~2ms and 5ms window sizes, offsets value range needed would be [0, 0.5, 1, 1.5, 2, 2.5, 3]ms.
Proposal: In minimum SMTC parameters should support,
· For 15kHz and 30kHz, 1ms, ~2ms and 5ms measurement window sizes and offset values {0, 1, 2, 3}ms.
· For 120kHz and 240kHz, 1ms, 2.5ms and 5ms measurement window sizes and offset values {0, 1.25, 2.5, 3.75}ms.
Proposal: Measurement window related parameters are provided for the inter-frequency layers in OSI.
Observation: To account the resources reserved by SS block for data and RS transmission in serving cell, Connected mode UE would need to know the used SS block locations. In addition to facilitate RACH resource and paging occasion association, having the information available already for initial access would be preferable.
Proposal: Providing UE with information regarding the actually used SS-block locations in the cell is supported. This information is proposed to be placed in RMSI in [3].
Observation: Need to provide the information regarding the used SS-block locations from all the cells for IDLE mode UE’s, does not seem mandatory and should not be further considered.
Regarding system transmitting multiple SS-blocks in wideband carrier we make following observations and proposals:
Observation: Enabling additional SS blocks to be placed on a carrier to PRB raster (independently of SS raster), could facilitate introduction of them in flexible manner, on need basis only.  
Observation: Measurements of additional SS blocks on wideband carrier could be handled via normal inter-frequency measurement configuration.
Observation: PCI values between two SS-blocs in wideband carrier can be same or different.
Observation: The mechanism and feasibility of multiple SS blocks sharing same RSMI information (CORESET) depends on desired flexibility and UE side requirements. 
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