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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
Based on discussions in RAN1 NR AH in Spokane following conclusions were reached in context of SS periodicity
	
Agreement:
· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
Agreements:
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:
· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· Note that final set of frequency categories may include more than the above two categories
· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:
· UE IDLE mode and initial cell search power consumption and latency
· Including single/multi-beam operation at Tx and Rx
· NW power consumption
· Inter-RAT/Inter-frequency measurement 
· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments
· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs
· NW synchronization requirements/assumptions




Related to SS block index indication, the following agreement was made in RAN1#AH1_NR [3]:
	R1-1701530	WF on SS-block Index Indication	Huawei, HiSilicon, NTT DOCOMO, ZTE, ZTE Microelectronics, Sierra Wireless, Samsung, CATT, InterDigital, Nokia, ASB, Intel, Ericsson
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
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2.1	Background
NR system is expected to operate using single-beam and multi-beam operation, in scenarios below and above 6 GHz, in licensed and (forward compatible) un-licensed mode. Now when considering possible beam forming architectures, it can be envisioned that a cell may have one or multiple TRPs and each TRP may be having one or multiple TXRUs. E.g. with hybrid beamforming system this means that a cell may form multiple analog beams at a time. In single-beam approach the cell would transmit synchronization signals via sector wide beams e.g. once in the given periodicity. Furthermore, it is considered that especially in single-beam mode coverage enhancement should be supported meaning that the synchronization signals should be able to be transmitted in a repeated manner. In multi-beam operation the cell (may consists of multiple TRPs) transmits synchronization signals in a beam sweeping manner. In some multi-beam architectures, the ‘SS-block’ (e.g. NR-SS and NR-PBCH) could be transmitted individually to each beam direction or could be transmitted in a SFN manner, i.e. the same signal transmitted in superposition manner from parallel beams simultaneously in the cell. The preferred/feasible beam forming configuration will of course depend on the deployed frequency band. Hence the required time domain structure of the SS signal needs support different scenarios.
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Figure 1. Illustration of some possible different eNB beam configurations. 

The time duration of the SS-block will have a direct impact to the overall duration and/or overhead of the beam sweeping procedure. The structure of the SS-block is discussed in [4] and won’t be covered in this contribution. The design of SS block/burst/burst set needs to consider how many simultaneous beams to support, especially in the case where some beam specific reference signal is multiplexed within the SS block, and how many beams a SS burst set is to support in total. Furthermore, it’s expected that vendors will build the systems with different array architectures depending on the target scenario, carrier frequency range, etc. It’s quite evident that the higher we go in carrier frequency more and more the array architectures go towards distributed PA architectures where the target EIRP is achieved more and more via array gain and high number of low power PAs. That means that used beamwidths go narrower and narrower. Similarly, as we go higher in carrier frequency the available system bandwidths are expected to increase. From cost point of view there may be less full bandwidth transceiver units than we are used to consider e.g. for below 6GHz systems. 
Observation: SS block/burst/burst set dimensioning needs to be scalable and configurable to different gNB architectures and configurations.
Observation: In one architecture there may be wider beams in use and multiple transceiver units (multiple simultaneous beams) while in the other architecture there very narrow beams in use and very low number of transceiver units (e.g. only one beam at a time).
Observation: Maximum values for the number of beams per SS block and for the total number of beams within SS burst set are needed.
2.2	Analysis on the number of SS-blocks
Here we provide initial analysis of how many SS blocks are needed to be supported within one SS burst set. We start from the assumption that the system should support architectures where the gNB is able to form one beam at a time (worst case from SS block number point of view). We take as example an array having 16x16 antenna elements which provides around 30 dBi array gain assuming 6 dBi antenna element pattern gain. 16x16 array with half wavelength inter-element distance provides around 6.4 degree[footnoteRef:1] half power beamwidths in both azimuth and vertical dimensions. Then assuming that the sector angular aperture is 120 degrees in azimuth domain and 60 degrees in elevation domain the total number of beams as a result of packing the beams so that in both azimuth domain and vertical domain the beams are “located” by half power beamwidth apart from each other is ~20x10=200.  [1:  Assuming uniform antenna element placement per dimension using half wavelength inter-distance, 3 dB beamwidth can be calculated approximately by 102/N where N equals the number of antenna elements.] 

Now it can be considered that due to the possible performance impalance between different physical channels, or implance between UL and DL, SS block would not neccesarily need that large array gain and could be sent with wider beam bandwidth. In LTE the coverage was typically assumed to be limited by PUSCH, and the delta between UL and DL (broadcast for example) is of course depend on the targeted cell edge data rate. Assuming for example 6dB performance difference between the desired cell edge data rate on shared channel and, for example NR-PBCH, the number of beams would be reduced to ~50 (assuming 12 degree beam width). Now this is assuming equal beam forming gain (e.g. 9dBi) on UE side for all channels. It has been considered also that to facilitate the cell search, UEs might use wider, or even omni beams for example for cell search. Hence, if this option is considered feasible, the pure performance difference would not necessarily be alone sufficient to determine the difference in required beam configuration support. For unlicended band operation, the number of beams needs also be considered due to the more stringent EIRP limit, resulting reduced power reserve [4]. Hence beams are needed from both DL and UL perspective to reach the targeted coverage.
Table 1 illustrate the required number of SS blocks as a function of number of beams per SS block. It’s assumed that when adding add more beams per SS block, additional 16x16 arrays are introduced, i.e. the beamwidths are remained. 
[bookmark: _Ref469603517]Table 1. Number of SS blocks as a function of number of beams per SS block
	Number of beams per SS block
	1
	2
	4
	8

	Number of SS blocks
	200
	100
	50
	25



Table 2 illustrates the required number of SS blocks with different antenna array sizes per TXRU and assuming two beams per SS block (two TXRUs).
[bookmark: _Ref469603801]Table 2. Number of SS blocks as a function of array size and assuming two beams per SS block
	Antenna array per TXRU
	8x8
	16x16
	32x16

	Number of SS blocks
	50
	100
	190



Observation: SS burst set length in terms of number of SS blocks may vary a lot in different gNB configurations.
To ensure forward compatibility to different kind of deployments and beam forming approaches (in network and UE) is is proposed that:
Proposal: NR should support configurations up to 200 SS blocks within SS burst set. 
2.3	Tradeoff between SS burst set periodicity and overhead
In the following analysis we consider that there are 12, 24, 48, 96 or 192 SS blocks within an SS burst set. Furthermore, we assume three different SS block sizes in time domain: SS block is either four 15 kHz symbol or 60 kHz symbols or two 240 kHz symbols long. Then we look at what are maximum periodicities for the SS burst set that the system can support given the system overhead from SS blocks is at maximum 10 % ie. one slot (of 7 or 14 symbols) is reserved every ten slots. The results are illustrated in Table 3. 
[bookmark: _Ref469606019]Table 3. Max SS burst set periodicity with maximum of 10% time domain overhead from SS blocks of 2 symbols 
	 
	Number of SS blocks

	SS block length
(number of symbols)
	12
	24
	48
	96
	192

	15 kHz symbol (4)
	40 ms
	70 ms
	140 ms
	275 ms
	550 ms

	60 kHz symbol (4)
	10 ms
	17,5 ms
	35 ms
	70 ms
	137,5 ms

	120 kHz symbol (2)
	2,5 ms
	5 ms
	8,75 ms
	17,5 ms
	35 ms
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Table 4 shows the allowed SS burst periodicities assuming possible values being {5,10, 20, 40, 80, 100} ms.
[bookmark: _Ref469606559]Table 4 Allowed SS burst set periodicities assuming possible values being {5,10, 20, 40, 80, 100} ms
	 
	Number of SS blocks

	SS block length
(number of symbols)
	12
	24
	48
	96
	192

	15 kHz symbol (4)
	40,80,100
	80,100
	NA
	NA
	NA

	60 kHz symbol (4)
	10,20,40,80,100
	10,20,40,80,100
	20, 40,80,100
	40, 80,100
	80,100

	120 kHz symbol (2)
	5,10,20,40,80,100
	5,10,20,40,80,100
	10, 20, 40, 80,100
	 20, 40, 80,100
	40, 80,100



Observation: There is a tradeoff between system overhead and SS burst set periodicity. 
Observation: SS block length in time domain should be minimized in order to support high number of SS blocks while keeping SS burst periodicity in reasonable range.

3	SS burst set compositioning
In RAN1 NR AH in Spokane it was agreed that single set of possible SS block time locations are defined per frequency band. As the supported sub-carrier spacings for given frequency band also affects to the assumed time domain structure (slot duration etc.) this seem like natural approach. It was left open how the pattern is defined, in relation to the SS burst set or radio frame.
3.1	Pattern of possible SS block time locations
When considering the different options of defining the pattern of the possible SS block time locations, two high-level options can be identified, as depicted in Figure 2. Either all the SS blocks within the SS burst set are transmitted in contiguous manner (i.e. in single SS burst) or in distributed manner where one or more SS-blocks form a SS burst, and sufficient number of SS bursts is sent to cover all needed SS-blocks.
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Figure 2. High level options SS transmission occasion distribution
Assuming that UE and network would have common understanding of the SS burst set period, the fastest way to transmit (and measure) the required SS-blocks would be to use option 1 and transmit all required SS blocks in a contiguous manner. This could benefit both UE and network power consumption (depending on the other activity and SS burst set period). However, like discussed in Section 2, there could be a need to support large number of beams, and sending the all the SS-blocks in a consecutive symbols, would result a long gap in downlink and/or uplink data transmission. This could have negative impact especially for the user perceived latency. Hence it would seem preferable to be able to distribute the transmission of SS blocks in time. Thus the pattern for the possible SS block time locations should be defined in distributed manner.
Proposal: The SS block time pattern should allow distributing the SS block transmissions in time i.e. SS bursts pattern should be time distributed.
When considering the option 2, two possibilities can be considered in terms of distributing the possible SS block time locations in time as SS burst. Either SS burst(s) pattern could be defined so that it results even disctribution over the whole SS burst set period, or the SS bursts could be separated by some predefined time period i.e. occur periodically. The option to have the SS bursts distributed evenly over the SS burst set period would require either to vary the SS burst size (number of SS-blocks per SS occasion) or the period of SS burst occasions based on the multi-beam configuration in question. As agreed on last meeting that there should be single individual pattern per frequency band, and accounting the need to support different SS burst set periodicities, it would be preferable to determine pattern of possible SS block time locations independent of the SS burst set period, using for example radio frame based reference would seem preferable. 
Observation: It would appear to be preferable to determine the pattern of the possible SS block time locations independent of SS burst set periodicity 
When considering the pattern of possible SS block time locations, and possibility of having different number of beams i.e. SS block transmissions in different cells, it might be helpful to define aligning the valid occasions when SS bursts could be transmitted. For example determining that the pattern of possible SS block time locations should be filled from the beginning of the SS burst set period, different number of beams could be supported in flexible manner within a same SS burst set (period). In case of a synchronous network deployments the SS transmissions from different cells would at least partly overlap, allowing the UE measurements to be done more efficiently.
Observation: Determining aligned way of utilizing the possible SS block time locations within the SS burst set would enable simpler configuration.
It has been agreed in RAN1#86bis that a sub-frame is defined as 1ms time reference. Furthermore the slot definition has been discussed, being either 7 symbols and/or 14 symbols, depending on the assumed sub-carrier spacing. Hence when considering the periodicity and duration of SS transmission occasions it could be for example assumed that occasion occurs every 10ms and lasts for 1ms resulting varying size for the SS transmission occasion based on the used numerology. Other alternative is that SS transmission occasion is set to appear every M*slots, where the slot duration would be based on the default numerology, and each occasion would last N*slots. As it could be anticipated that the size of antenna arrays (in term of beams) would increase at higher frequency bands together with increase in sub-carrier spacing, basing the size of SS burst to slots would seem preferable. The data scheduling is using slot (one, multiple or fraction) as reference unit, and therefore defining the SS burst size based on slot(s) would seem to be appropriate . For the periodicity of the SS bursts, it might be preferable to enable keeping some alignment with different frequency bands (and possibly over to different numerologies) and therefore defining the SS burst periodicity as milliseconds could be useful. Thus, like raised, the exact size and period of possible SS burst time locations should be further considered taking in to the account the impact to latency and possibly also the system throughput. Furhtermore some consideration should be given also to facilitate the inter-frequncy measurements.
Proposal: Study further the desired SS burst duration and pattern the periodicity considering such aspects as latency and inter-frequency measurements. 
3.2	SS burst definition
It was discussed in RAN1#86bis meeting whether the SS-blocks are contiguous or can be non-contiguous with in a SS-burst. Following from the above proposals and if they are adopted, with SS-burst duration of one or multiple slots, it is not clear what would be the benefit of spreading the SS-blocks in the SS-burst. It would seem to be preferable to try to minimize the overhead (due to DL/UL gaps) and transmit all the needed SS-blocks in consecutive manner within a SS burst. It would also seem most natural to consider using DL-only type of slot for the basis of determining the SS burst structre. It could be further considered if there would be benefit of leaving the first symbol for DL control. The possible benefit of such configuration would depend on the bandwidth of CSS and USS and also the considered system bandwidth. If frequency multiplexing of control and data can be done, could the preferable to allow SS-blocks to extend to over whole slot. 
Proposal: SS-blocks are transmitted in consecutive manner within SS burst. Need of leaving gaps for DCI is further studied.

3.3	SS burst set definition
Following the above discussion, SS-burst set could be seen to be the time duration within SS-blocks of all the intended beams are transmitted. E.g. the full beam sweep would happen within the SS-burst set. Hence the SS burst set duration would in minimum cover the duration needed to transmit all SS-blocks to be swept and the sweep could be repeated in next SS burst set. If SS burst set configuration is agreed, it might be preferable to reduce system overhead and power consumption due to frequent SS transmissions and use longer SS burst set period than the minimum required in certain carriers. In other scenarios, different cells (on a same carrier) could have different antenna configurations, and therefore different number of total beams, while sharing the same SS burst set period. Hence it should be possible to leave some possible SS block time locations, inside the SS burst set period, unused e.g. not transmit any SS-blocks in them. To achieve this it should be possible to define the duration of the SS-burst set to be longer than the minimum number of SS transmission occasions required to cover the active SS-blocks. This has naturally some implications from cell detection and mobility perspective that need to be accounted, as discussed in following sections.
Proposal: It should be possible to be able to configure SS burst set period for Connected and IDLE mode UEs.
As the number of SS-blocks required to cover all the beams depends on the assumed beam array configuration that is deployment dependent, and the number of possible SS blocks that could be fit to one SS burst could be fixed (i.e. fixed time locations), different SS-bursts might be different size. E.g. assuming SS-occasion duration equal to one slot with 7 symbols, SS block duration of 1 symbol and system needing 11 different SS-blocks would need two SS-burst to cover all SS-blocks, and the latter SS burst would have only 4 (while the first 7). From device perspective this of course should be transparent, as UE cannot be guaranteed to be able to hear all the SS-blocks transmitted to different beams. Note that, depending on the SS burst structure, from system overhead perspective it migth be beneficial to always aim to fill the SS bursts before starting to use the next.
Observation: It should be possible to have different number of active SS-blocks in different SS-bursts within the SS-burst set.
3.4	NR synchronisation signal configuration 
Based on the earlier discussion it is clear that the requirements for NR synchronization signal configurability differ significantly from those that exist for example for LTE. In Figure 3 we have illustrate an exemplary SS-burst and SS-burst set configuration. In the figure, it is assumed that each SS burst occasion can encompass up to two SS-blocks and that the burst occasions are repeated after a certain period, namely SS transmission occasion periodicity. In the given deployment the cell has a beam forming configuration (consisting of TRPs with TXRU’s) that leads to a requirement to be able to sweep over 5 individual beams e.g. transmit 5 SS-blocks. As each SS transmission occasion can fit only 2 SS-blocks (to keep the figure simple), three SS bursts are need to cover a full sweep. Two of the SS burst occasions are occupied fully by two SS-blocks, but in the last only one SS-block is transmitted. Following the number of SS burst required, the SS burst set could be set to be three SS transmission occasions period long. However as it could be envisioned that different cells have different beam configurations or there is a desire to reduce the system overhead of the SS-block transmission, the SS burst set is set to be six SS burst occasions long. 
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Figure 3. Illustration of SS-burst and SS-burst set configuration
In order for the UE to be able to efficiently measure (and detect) this kind of configurable synchronization signal configuration, UE would need to know different parameters or be able to assume certain network behavior. As agreed in last RAN1 meeting, there should be SS block pattern defined per frequency band to facilitate the UE measurements. It is given that to facilitate the UE measurements, UE should know the used SS burst set periodicity to ensure that UE is able to try to detect all SS-blocks and to be able to accumulate more samples for example for measurement purposes. Now assuming that there would be some agreed approach how the possible SS block time locations within a SS burst set are filled by network, there could also be some benefit if the UE would be aware of the total number of SS bursts/blocks occupied in a SS burst set. For example if it is agreed that UE can assume that the possible SS blocks time locations are used in a continuous manner starting from the beginning of SS burst set, the UE measurements could be better focused. This could also benefit the inter-frequency measurements. 
Observation: In addition to informing SS burst set periodicity to the UE, providing information regarding the used number of SS blocks in a SS burst set could facilitate the measurements.

3.5	Implications of varying configurable SS burst number and SS-burst set period to UE measurements 
It was agreed that NR will support DL based mobility, and therefore it is assumed that similar measurement procedures as in LTE will also be needed and supported in NR. Hence, similar as in LTE, it is assumed that NR UE is required to measure and monitor serving and neighboring cells after the initial cell selection for mobility purposes. It is also assumed that classification of measurements; intra-frequency, inter-frequency and inter-RAT, can be applied also for NR. In this section we consider the impact of different SS-burst and SS-burst set period assumptions for UE measurement behavior. We consider mainly intra- and inter-frequency cases, but also touch upon the inter-RAT measurements (towards NR).
Like discussed in previous sections, the drivers for the SS burst set period definition is the number of beams to be supported, which is deployment dependent and the qNB power saving opportunites. Like proposed in Section 3.4, UE could be assumed to have assistance information to steer its measurements and other operations.
Once UE has obtained access to the network, it can be provided with information regarding the configuration on different carriers, including configurations related to the SS-burst and burst set, to facilitate the additional cell searches and measurements. What exact information would need to be provided to the UE, what other assumptions could be taken and how this should for example be reflected in the definition of inter-frequency measurements procedures and finally in the UE requirements, should be further studied.
Observation: With apriori information the drawbacks of the reduced synchronization signal periodicity can be alleviated.
Hence, assuming that UE is informed about the used SS burst set period for the intra-frequency layer, and having known pattern for the possible SS block transmissions UE should be able to carry out the measurements and neighbor monitoring similarly as in LTE. This would be equally applicable for the IDLE and Connected Mode devices if the used SS burst period would be provided as a part of the system information. Also in case of synchronous networks (e.g. TDD type of operation), UE would be required only to monitor on limited occasions (SS bursts) as these would be overlapping between cells). 
Observation: Intra-frequency measurements could be carried out by the UE if UE is informed about the used SS burst set period.
It can be understood that in case of inter-frequency layers the deployments could be different, resulting different SS burst set periods. However for intra-frequency similar case could be also true, and different cells could have different beam configurations which would need to be reflected for example in RACH configurations. This does not implicitly mean that the SS burst set period would need to be different. E.g. like illustrated in Figure 4(a), 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 the start of the SS burst period. From UE measurement perspective this would be rather straight forward as UE would be required to monitor for given SS burst set period, and omitted SS occasions (from Cell B and C) that don't contain SS blocks would be transparent from the UE perspective. Also, it could be considered that if the needed SS burst set period of e.g. Cell B would be able to fit (integer) multiple times within the SS burst set period of Cell A, like depicted in Figure 4(b), the transmission of the SS burst from Cell B could be repeated. I.e. Cell B could apply shorted SS burst set period than Cell A. This also could appear transparent from the UE perspective at certain level. However, as agreed that UE can assume that a given SS block is repeated after SS burst set, it is not clear what SS burst set period UE could use. It migth not be preferable to require UE to read system information from all detected neighbours, and it might not be possible to inform UE about the different periodicities used in each individual cell and therefore it could be preferable if UE could make some assumptions to support the oepration. Hence it would seem necessary that UE would be able to account the longest informed (for the freuquency layer) SS burst set period as the default period when carrying out measurements. If UE is not explicitly informed about the different periodicities of the neighboring cells, it might not be able to benefit from the more frequent sweeps on its measurements measurements. In this perspective the IDLE and Connected Mode UE’s could be in different situation. Thus the benefit to allow varying SS burst set period between intra-frequency cells versus assuming only the longest used SS burst set period should be further evaluated considering the required signaling overhead.
Observation. Having different SS burst set periods for different intra-frequency cells could be considered, with some limitations.
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(a)
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(b)
Figure 4. Illustration of varying SS burst set periods for in case of intra-frequency cells.

For inter-frequency measurements, it would need to be first understood whether in NR, the UE is assumed to use measurement gaps or whether some other mechanisms could be used to monitor the inter-frequency layers. In case of LTE, 6ms measurement gap and two measurement gap repetition periodicities (40ms and 80ms) were defined. Also RAN4 is currently working on enhancements to the existing measurement gaps [8], it can be foreseen that different kind of configurations could be considered for NR measurements. If we assume the UE of measurement gaps to detect inter-frequency (or inter-RAT) NR layers, it is rather clear that the structure (duration, period etc.) of measurement gaps need in some manner be able to account the different antenna configurations in different target layers. This dependency can facilitated by the SS transmission definition, and it is likely that the measurement gaps, if used for NR inter-frequency measurements, require father study once the actual burst transmission design is stable. 
Observation: The approach for NR inter-frequency measurements needs to be studied further once the baseline of the NR synchronization signal has been agreed.
4	SS peridiocity
When considering the initial access and specifically initial blind search i.e. initial cell selection, when no assistance information is available in the UE, UE needs to be able to make some assumptions of the periodicity of synchronization signal to facilitate the cell search. In order to detect the cell (or deem the cell nonexistent), UE would need to spend enough time to have received sufficient number of synchronization signal occurrences. Thus to the limit the time UE needs to spend on a single carrier in intial cell selection process, it would be preferable if the period of the SS-burst set would be short. However, like discussed in previous sections, in order to support large amount of SS-blocks/beams (e.g. to meet desired coverage) and to keep the system overhead reasonable, it might not be feasible to keep the SS-burst set periodicity always short. Hence it can be seen that from whole system perspective it might not be desirable mandate network always to transmit synchronization signal with very short periodicity (due to overhead), nor it would be desirable to enforce too extensive search periods for UE initial cell selection. Now, in deployment where multiple carriers (or RATs) exist it would seem possible to ensure that at least on some of the carriers the network would be configured with sufficiently high synchronization signal periodicity to facilitate the initial blind cell selection without extensive search times. With this approach, UE assumed search time (on a given carrier) could be limited. Hence as agreed in the RAN1#87 meeting, for initial cell selection UE may assume known period for the SS burst set for a given frequency band. In RAN1 NR AH it was agreed to consider different options for the default period for the initial cell selection for different frequency ranges.  
In following we present our consider ration for the default periods based on few assumptions. Firstly it is assumed that this default period would be used by the UE only for the initial cell selection and could be updated after UE obtains access to the network (e.g. through broadcast or dedicated signalling). Secondly it is assumed that one-shot detection performance of the synchronisation signal is improved compared to LTE (through use of longer sequence [6][7]). Hence with these assumptions we could have the default period to be extended (compared to LTE) and also would allow network further flexibility to increase or decrease the used peridiocity. 
For frequency bands below 2GHz, it is assumed that these bands would be mostly used to provide wide area coverage and hence would mostly likely be among the layers UE would search among the first bands when doing initial cell selection (wo any assistance information). Furtermore, there would not seem to be that amplified need to support large number fo beams and that due to the wider coverage the device velocities migth vary as well. Therefore it would seem reasonable to assume that for these frequency layers the default periodicity assumed by the UE could be more freuquent, considering 10ms or 5ms. The range to configure the SS burst set period for IDLE and CONNECTED mode UEs should be possible at least up to 40ms, preferably to 80ms. 
For frequency bands in the range of 2GHz and 3.3GHz some what similar considerations as above could be made as for below 2GHz bands, but it could be beneficial to consider the system power saving, and therefore period longer than 10ms is preferred, and hence 20ms default periodicity is considered. 
For bands falling between 3.3GHz and 6GHz and also for above 6GHz it could be anticipated that in order to extend the coverage of the cell size larger number of beams would need to be supported, and depending on the assumed sub-carrier spacing the default period should be sufficient to accomondate this. Hence it would seem preferable to have the default periodicity in order of 40ms. The range of configurable SS burst set periods for IDLE and CONNECTED mode UEs should be at least up to 80ms.
Proposal: For the frequency range categories the default periodicities are considered as follows:
· For carrier frequency bands below 2GHz: [10ms]
· For carrier frequency bands above 2GHz and below 3.3GHz: [20ms]
· For carrier frequency bands above 3.3GHz: [40ms]
Note that these are based on the assumption that the value of the period can be updated for IDLE and CONNECTED mode UE’s

5	SS block index indication
The following agreement was made in RAN1#AH1_NR [3]:
	R1-1701530	WF on SS-block Index Indication	Huawei, HiSilicon, NTT DOCOMO, ZTE, ZTE Microelectronics, Sierra Wireless, Samsung, CATT, InterDigital, Nokia, ASB, Intel, Ericsson
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.



Whether to adopt Alt.1 and Alt.2 depends a lot on how many SS blocks can be included in SS burst set. We foresee need for supporting also high number of SS blocks (~tens to hundred) to support operating with low number of TXRUs and narrow beams also for SS block transmissions. Thus, we see Alt. 2 as a more future-proof approach so that larger signaling space can be divided into smaller sub-spaces and thus high total number of SS blocks can be supported with low UE side complexity to determine index of the detected SS block.
Proposal: Adopt Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
As one possible option we consider that NR-SSS could be used to signal the SS burst index. As captured in the agreed options, SS block timing indication may be an additional synchronization signal or it may be signalled within associated NR-PBCH which is expected to be transmitted together with the synchronisation signal(s). As periodicity of the NR-PBCH and synchronization signal(s) may be different and it would be desirable to the UE to perform mobility measurements without the need to read system information, an additional synchronization signal is preferred. Also, if it is desirable to allow UE to combine all PBCH transmission received under the same cell, it might be preferable to try to keep the PBCH content of different beams (in the same cell) equal. 

Observation: To support efficient mobility measurements and taking into account potentially different periodicities for synchronization signal(s) and NR-PBCH as well as to enable (soft-)combining on NR-PBCH across SS blocks at least of the same SS burst (set), indicating the SS block index via additional signal is preferred.

Proposal: Define a synchronization signal (NR-TSS) to indicate the SS block index. Adopt the following mechanism to indicate the SS block index: Indication by an additional SS, if such an additional SS is introduced.

Proposal: Consider NR-SSS to signal the SS burst index. 

UE would determine SS burst index and SS block index as described in Figure 5. 

[image: ]

Figure 5. Determination of SS burst index and SS block index.

NR system is expected to operate using single-beam and multi-beam operation, in scenarios below and above 6 GHz, in licensed and (forward compatible) un-licensed mode. In single-beam approach the cell would transmit synch signals via sector wide beams once in the given periodicity. Furthermore, it is considered that in single-beam mode coverage enhancement should be supported meaning that the synch signals should be able to be transmitted in repetition manner. In multi-beam operation the cell (may consists of multiple TRPs similarly as in single beam case) transmits synch signals in beam sweeping manner. Furthermore, in beam sweeping operation, repetition may be applied upon for further coverage enhancements that e.g. sync signals transmitted to certain direction per sweep block is repeated to the same direction in the next sweep block. Thus, design target should be to construct synchronization signals and related procedures so that search performed by the UE would be as agnostic as possible, i.e. targeting at unified solution for the following possible BS operating modes:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
The adopted solutions should allow use of uniform design and a generic UE behaviour while also enable the network to repeat synchronization signals for improving the UE cell detection probability. It would be preferable if a method would be introduced that would enable devices to use the possible additional synch signals sent by the network without requiring the UEs to have a priori information regarding the beam configuration and operating mode: single-beam or multi-beam. It should be also noted that this does not prohibit network transmitting synchronization signals in SFN manner in multi-TRP operation especially when single-beam provisioning of the synchronization signals is used. As given SS-block would be transmitted in SFN manner, the operation would be transparent to the UE and would be fully a network implementation options.

To support different support indicating UE to know whether it can combine detected synchronization signal with previous one in previous symbol (e.g. in repetition and multi-beam repetition case), the NR-TSS could convey together with the SS block index one bit indication whether or not repetition is used e.g. NR-TSS could be modulated by +1/-1. 

Proposal: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the signals of the previous SS block.

6	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed the NR-SS periodicity based on the agreements made in the RAN1#87 and RAN1 NR AH. We made following observations related to the NR support of different gNB (antenna) architectures, together with a proposal:
Observation: SS block/burst/burst set dimensioning needs to be scalable and configurable to different gNB architectures and configurations.
Observation: In one architecture there may be wider beams in use and multiple transceiver units (multiple simultaneous beams) while in the other architecture there very narrow beams in use and very low number of transceiver units (e.g. only one beam at a time).
Observation: Maximum values for the number of beams per SS block and for the total number of beams within SS burst set are needed.
Observation: SS burst set length in terms of number of SS blocks may vary a lot in different gNB configurations.
Proposal: NR should support configurations up to 200 SS blocks within SS burst set. 
Observation: There is a tradeoff between system overhead and SS burst set periodicity. 
Observation: SS block length in time domain should be minimized in order to support high number of SS blocks while keeping SS burst periodicity in reasonable range.
Different aspects related to SS burst set compositioning were considered in Section 3, giving following observations and proposals:
Proposal: The SS block time pattern should allow distributing the SS block transmissions in time i.e. SS bursts pattern should be time distributed.
Observation: It would appear to be preferable to determine the pattern of the possible SS block time locations independent of SS burst set periodicity 
Observation: Determining aligned way of utilizing the possible SS block time locations within the SS burst set would enable simpler configuration.
Proposal: Study further the desired SS burst duration and pattern the periodicity.
Proposal: SS-blocks are transmitted in consecutive manner within SS burst. Need of leaving gaps for DCI is further studied.
Proposal: It should be possible to be able to configure SS burst set period for Connected and IDLE mode UEs.
Observation: It should be possible to have different number of active SS-blocks in different SS-bursts within the SS-burst set.
Observation: In addition to informing SS burst set periodicity to the UE, providing information regarding the used number of SS blocks in a SS burst set could facilitate the measurements.
Observation: With apriori information the drawbacks of the reduced synchronization signal periodicity can be alleviated.
Observation: Intra-frequency measurements could be carried out by the UE if UE is informed about the used SS burst set period.
Observation. Having different SS burst set periods for different intra-frequency cells could be considered, with some limitations.
Observation: The approach for NR inter-frequency measurements needs to be studied further once the baseline of the NR synchronization signal has been agreed.
On the default period we considerd following in Section 4:
Proposal: For the frequency range categories the default periodicities are considered as follows:
· For carrier frequency bands below 2GHz: [10ms]
· For carrier frequency bands above 2GHz and below 3.3GHz: [20ms]
· For carrier frequency bands above 3.3GHz: [40ms]
Note that these are based on the assumption that the value of the period can be updated for IDLE and CONNECTED mode UE’s

Related to SS block index indication we made the following observations and proposals:
Proposal: Adopt Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
Observation: To support efficient mobility measurements and taking into account potentially different periodicities for synchronization signal(s) and NR-PBCH as well as to enable (soft-)combining on NR-PBCH across SS blocks at least of the same SS burst (set), indicating the SS block index via additional signal is preferred.

Proposal: Define a synchronization signal (NR-TSS) to indicate the SS block index. Adopt the following mechanism to indicate the SS block index: Indication by an additional SS, if such an additional SS is introduced.

Proposal: Consider NR-SSS to signal the SS burst index.
Proposal: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the signals of the previous SS block.
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Annex A: Related agreements from past meetings
Following agreements were reached in RAN1#86bis:
	Working assumptions:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets
· 



In RAN1#87 and following agreements were reached:
	Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams

Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band
· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not
· FFS: CP length
Agreements: 
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs
· FFS: UE-specific and/or cell-specific indication
· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modesz
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth
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