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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 opertation as well as support the URLLC type of operation. 
In this contribution we continued the discussion related to the SS block and burst set design considering also the pattern of possible SS block time locations.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	SS burst composition
SS burst and also burst set composition has been discussed in the past RAN1 meetings. The design of these is affected by the SS block size (in terms of symbols). Based on the current agreements, we present consideration of the SS burst composition. The SS-block design is presented in [3] and in this consideration we have assumed 4 symbol long SS block with simplified illustration. 
In RAN1#89 following agreement was made:
	Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation



Based on this discussion we consider the mapping of SS blocks to slot(s) for different sub-carrier spacings and also the method of concatenating the slots carrying SS blocks to from the full pattern of SS burst set. In context of this discussion we consider the formulation illustrated in Figure 1 below, where SS burst is composed from (e.g.) Nblock possible SS blocks time locations and several SS-bursts form SS-burst set, which is then repeated over the SS burst set period. The baseline assumption take in this contribution is that the Nblock possible SS blocks time locations forming a one SS-burst occur in consegutive slots (e.g. 2 or 4 as per agreement), and if there are gaps ≥ slot between SS-block time locations, those are considered separate SS bursts. In this section we discuss the mapping of SS block candidate locations to slots with different sub-carrier spacings based on the agreements made in the past meetings, and the compostion of SS burst set pattern is discussed in Section 3.


 [image: ]
Figure 1. Illustration of SS-burst formulation

2.1	SS burst structure at 15kHz sub-carrier spacing 
In Figure 2 we illustrate some options for SS-burst structure for 15kHz sub-carrier spacing. In high level the considered option is to have SS-burst formed by 2 consegutive SS-blocks sent in one 14 symbol slot. Either 1 or 2 symbols are preserved for DL and/or UL transmission. As discussed in RAN1#89, there could be some desire to consider 7-symbol slot operation at least for 15kHz sub-carrier spacing so that both DL and UL  transmission would be possible within 0.5ms to reduce the latency. This type of SS block mapping is depicted as option (a) in Figure 2. With this option every 0th and 6th symbol could be used even for control (though not required by the agreement made in last meeting). Option (b) allows possibility of transmitting both DL and UL data within 7-symbol duration. Options (c) and (d) preserve 2 symbols for DL control every 14 symbols. Like discussed earlier [9], the achievable performance of NR-PDCCH may be resticted only with one symbol when combined with limited bandwidth allocation e.g. when considering common PDCCH (covering only part of the full BW) or deployments with narrow system bandwidth. As the performance limit is reflected as reduced coverage, it would be good to consider the benefit of preserving only one DL symbol for control when doing mapping of the SS block. It is good to observe that if the number of required SS blocks is low (≤L/2) it would be possible to consider options (c) and (d) for 7-symbol slot format by using only those SS block locations that are mapped to the first 7 symbols of the 14 symbol slot. Of these considered options, if enabling bi-directional opearation within 7-symbols is deemend feasible with only one PDCCH symbol, option (a) could be considered. If at least 2 symbols are required, option (d) would be preferred.
Proposal: For 15kHz sub-carrier spacings, depending on the NR-PDCCH performance target, select between option (a) and option (d) illustrated in Figure 2.
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Figure 3. Some SS-burst structures at 15kHz sub-carrier spacing

2.2	SS burst structure at 30kHz sub-carrier spacing 
In Figure 3 we depict possible options for SS block mapping with 30kHz sub-carrier spacing. Depicted options (a)-(d) have two symbols preserved for DL control at the start of the 14 symbol slot. Options (e) and (f) have only one symbol preserved for DL control. As noted in previous section, the options with one symbol preserved would offer limited coverage for DL control, and therefore don’t seem preferable. Also as the options with two DL control symbols would already offer a possibility for bi-directional control within 0.5ms, it would seem preferable to preserve always at least two symbols for DL control. On the options with two DL control symbols, the option of having the SS blocks mapped together and leaving all non reserved symbols contiguously at the end of the 14 symbol slot would seem to offer most use cases. E.g. network could, depending on the scenario, choose different DL/UL allocation options for the non-reserved symbols. Hence, option (b) would seem most preferable for 30kHz sub-carrier spacing.
Proposal: For 30kHz sub-carrier spacings, select option (b) as illustrated in Figure 3.
   [image: ] 
Figure 3. Some SS-burst structures at 30kHz sub-carrier spacing





2.3	SS-burst structure at 120kHz sub-carrier spacing 
With 120kHz, with two DL control symbols, similar options as shown for 30kHz, can be constructed as shown in Figure 4. As discussed also in previous section, having the non reserved symbol in contiquous block would allow most flexibility in terms of DL/UL allocation options, and therefore option (b) is preferred.
Proposal: For 120kHz sub-carrier spacings, select option (b) as illustrated in Figure 4


 [image: ]
Figure 4. Some SS-burst structures at 120kHz sub-carrier spacing
2.4	SS-burst structure at 240kHz sub-carrier spacing 
As 240kHz sub-carrier spacing is only supported for control (i.e SS Block), the main consideration for the 240kHz sub-carriers spacing SS block mapping is the multiplexing with 120kHz sub-carrier spacing number of reserved symbols and the end was chosen to be larger, namely four. Figure 5 depicts certain methods to distribute four SS block candidate locations within the 0.125ms. Illustrated option (a) is using similar approach as used for 30kHz and 120khz sub-carrier spacings, concatenating the SS blocks to the beginning of the 0.125ms period and leaving eight non reserved symbols to the end. This corrersponds to four 120kHz symbols, so it could be envisioned to be used either for DL or UL data/control. Option (b) could be envisioned to minimize DL scheduling delay by leaving two (120kHz) symbols for mini slot between the SS block locations. Options (c) and (d) are rather similar to option (a), but some 240kHz symbols are left between the SS blocks. These could be used by receiver to adjust the used beam, preserving the CP (0.32us) and giving some tolerance when/if performing measurement to different cells/directions (when considering propagation delay difference and non-ideal synchronisation between the cells/TRPs).
Proposal: For 240kHz sub-carrier spacings; select option (c) or option (d) as illustrated in Figure 5.
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Figure 5. Some SS-burst structures at 240kHz sub-carrier spacing

3	Composition of SS-block time pattern
In RAN1 AdHoc held at January in Spokane it was agreed that a single set of possible SS-block time locations are specified per frequency band. In RAN1#89 an agreement was reached for the maximum number of SS-blocks per SS-burst set (L) for different frequency ranges. It was also agreed that the pattern of of possible SS block time (candidate) locations shall support L occasions, e.g. 64 for frequency range from 6 GHz to 52.6 GHz. As a part of the agreements, time window for the possible time locations for the SS blocsk was limited to 5ms to facilitate the UE cell search and measurements. 

	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements



In the following we consider the determination of the pattern of possible SS-block time locations. For different sub-carrier spacings (i.e. symbol time), the number of SS blocks per  14-symbol slot is considered according to the agreements made in last meeting, i.e. at max 2 SS blocks per 14 symbols. 
In Table 1 the total number of possible locations that could be candidate SS-block time locations. As per agreements made in RAN1#90, at maximum L (per frequency band) should be selected. Simplest approach would be select these occasions in a contiguous manner from the start of the 5ms duration. However as discussed in [9], it could be good to distribute the candidate locations SS bursts in time (given space to do so) to prevent long contiguous DL/UL gaps, hence it would it would possible to support large number of beams while avoiding contiguous gaps in norma data transmission. On the otherhand, as SS block can be considered as always-on signal, it would not be desirable to spread the transmission unneccesaryly over time to allow option for network energy saving. Thus there are two principle approaches when determining the pattern of possible SS block locations, one contiguous burst (in every slot) or distributed bursts (having one or more slots in between). 
When considering the distributed approach, it is evident that the distribution of the candidate locations is limited by the maximum number of possible locations bound by the time window (5ms) and symbol/slot duration (depending on the sub-carrier spacing) as shown in Table 1. So to provide full slot gaps between slots containing SS blocks, there needs to be room withing the given 5ms window to introduce those in meaningfull manner. Of course when lower number than (max.)  L SS blocks are needed, network could choose to leave some candidate locations empty, thereby limiting the DL/UL gaps. Some possible options for 15kHz and 30kHz sub-carrier spacings are illustrated in Figure 6 and Figure 7, respectively. 
With 15kHz sub-carrier spacing, considering the larger possible value for L (8), four 14-symbols slots are needed to have L candidate locations. Thus it would be possible to consider concatenating two slots with slot in between to split the DL/UL gap in case L SS blocks are required (option (a) in Figure 6). In case of 15kHz, to limit the data gap, splitting the SS block candidate locations to two segments (of 2 slots of 14-symbols) would seem preferable. In case 7-symbol slot construction (in Section 2) the segments could be 4 slots long, with 2 slots in between. The down side of the compostion (option (a) in Figure 6) is that with 5ms SS burst set periodicity there could be long contiguous gaps, but this could not be prevented other options (e.g. option (b) Figure 6). However, for other SS burst set periodicities (e.g. 10ms and 20ms) this would be an issue. For 30kHz sub-carrier spacing, as the number of total possible locations is larger the burst distribution could be formed in several manner. To limit the contiguous gap in data transmission, alternating with slot(s) that can be used for SS block transmission and with a ‘empty’ slot(s) could be considered, , as shown with some examples in Figure 7. For 30kHz, case, with option (d) the gap in normal data transmission would be restricted to 0.5ms, thus it would seem preferable candidate to consider.
Proposal: For 15kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having two segements of two slots (14-symbols) consisting SS block locations, separated by one (14-symbol) slots without SS blocks, like illustrated by option (a) in Figure 6.
Proposal: For 30kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having 4 segements of one slots (14-symbols) consisting SS block locations, separated by each other one (14-symbol) slots without SS blocks, like illustrated by option (b) in Figure 7.

For larger sub-carrier spacings similar approach can be also considered. As the value of L is larger as is maximum number of locations, there are more options to consider. As shown in Table 1, in case of 120kHz the total number of possible locations (80) is only slightly larger than the required L (64) and therefore the options can be considered to be limited. One possible approach would be to distribute the 5ms to eight 0.625ms segments which would consist of 4 slots (0.5ms) consisting 8 SS block candidate locations, separate by one slot (of 0.125ms), as illustrated in Figure 8. Similar approach could be considered also in case of 240kHz sub-carrier spacing. For 240kHz, if the segment size would be 0.625ms, one segment would carry 16 SS block candidate locations, requiring only 4 segments to reach L locations. Other alternative for 240kHz sub-carrier spacing, would be to reduce the segment size by half, to 0.375ms, so that two 0.125ms slots (consisting 8 SS block candidate locations) is followed by one 0.125ms ‘empty’ slot and determining at total 8 segments (3ms).
Proposal: For 120kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having eight segements of 0.625ms (5 slots), where four first slots would consist SS block locations and the fifth slot would not include candidate locations like illustrated in Figure 8.
Proposal: For 240kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having four segements of 0.625ms (10 14-symbol slots), where eight first slots of 28-symbols would consist SS block locations (16 in total) and the 9th and 10th slot would not include candidate locations illustrated in Figure 8.


Table 1. Maximum number of possible SS-blocks time locations assuming N SS blocks in every 14 symbol slot inside 5ms time windows 
	 

	SS block SCS (number of SS-blocks per slot, N)

	
	15 kHz (2)
	30 kHz (2)
	120 kHz (2)
	240 kHz (4)

	Maximum number of locations
	10
	20
	80
	160
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Figure 6. Illustration of some possible distributed candidate SS block location patterns for 15kHz sub-carrier spacing.
[image: ]
Figure 7. Illustration of some possible distributed candidate SS block location patterns for 30kHz sub-carrier spacings.
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Figure 8. Illustration of possible distributed candidate SS block location patterns for 120kHz and 240kHz sub-carrier spacings

4	Assitance 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 contexts different parameters have been considered in past meetings (e.g. in RAN1#87 and RAN1#88), 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 depent on value and/or availability of this information. It has been agreed in RAN1#88 that NR should support network indiation of the SS burst set periodicity and information to derive measurement timing/duration (e.g. time window for NR-SS detection). In RAN1#89 the possibility of providing UE with more than one periodicity was considered, discussed more in [12]. 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.
4.1	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 it’s 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 [6], 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.
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.
 
 4.2	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 pediocity. In RAN1#89 it was agreed that the SS burst set should be contained to 5ms. 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 it’s measurement activity optimally, thereby reducing the effort and related power consumption. 
In case of synchronized network the placement of the measurement window for intra-frequency measurements could be related to the serving cell, like illustrated in Figure 9 (a) and (b). I.e. with tightly synchronised 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. 
Observation: With synchronised networks and fixed time locations of the possible SS-block transmissions, the measurement window can be used to steer the UE measurements.

	[image: ]
(a)
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(b)


Figure 9. Illustration of measurement window placement in case of synhcronised networks
In case of asynchronous or loosely synchronised network the determination of the measurement window location can be bit problematic. This can be seen to correspond to intra- or intra-frequency measurements or monitoring. In cases when no time aligment of the SS-blocks can be guaranteed so that the UE could expect the detect all transmitted SS-blocks within the measurement window, network could of course use lower SS burst set periodicity to ensure that UE can carry out the measurements successfully. In certain scenarios, e.g. when network timing source is less unabiquous, the network migth not be able to ensure full aligment of the SS-blocks, but it could ensure certain level of syncrhonisation, like illustrated in Figure 10. For such a scenarios it could be useful to consider means to enable use of measurement window (together with the SS burst set period) by considering the placement of the measurement window and duration. In practise this would mean applying some tolerance to the duration of the window and/or adjustement in the placement.
Observation: In case of loosely syncrhonised networks, providing some means to adjust the measurement window location (compared to default) and/or window duration could be useful.
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Figure 10. Illustration of measurement window placement in case of loosely networks

4.3	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.
From serving cell perspective, like consired in the earlier meeting, UE could use this information to known when data scheduling could be anticipated. It is not clear if this information is fully usable in this perspective as while the SS-block/burst will certainly set some limitations for example to the used DL/UL split it might not completely preclude data transmission. With symbols preserved in the beginning of the burst (as proposed in Section 2), it could be still possible scheduled data for DL (e.g. in frequency domain adjacent to SS-block, or after) or UL. Naturally having this information available would enable UE to account the presence if needed. When considering connected mode measurements, UE should be able to optimize it’s measurement timing when equipped with SS burst set periodicity and measurement window information, and therefore this information does not seem either fully necessary. Of course if we consider that UE could use SS-blocks to detect the presence of new beams of the same cell, the information could be potentially used to further optimize the UE measurement timing. For IDLE mode UE, this information does not seem so necessary for data reception as the information regarding for example paging occasions timing would need to be provided to the UE separetly. Overall this information would be available in the cell and signalling the information for the serving cell, might not cause to large overhead.
Observation: Providing connected mode UE with information regarding the used SS-block locations in serving can be considered.
As discussed in [6], 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 11, 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 measuremnts based on the SS burst set periodicity and measurement window. If excat locations would be informed to the UE (in IDLE and/or neigbouring 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 some merit for devices that do not use omni RX beam pattern for the measurements, to facilitate the measurement beam arrangement for the UE. 
Observation: Need to provide the information regarding the used SS-block locations for IDLE mode UE’s, does not seem mandatory and should be further considered.

[image: ]
Figure 11. Illustration of SS-blocks of cells with different beam configuration

When providing the locations of used SS-blocks for the UE is considered, the impact to the signalling overhead would be good to consider. Depending on the number of possible SS-block time locations, and required flexibility in their use, the amount of information might be non neglible. On high level there are two rather obvious solutions to provide the information of the used locations. Bitmap of said pattern could be provided (where the bitmap would need to be as large as the number of locations, or shorter periodic), or enable distributing the locations in some predefined paramterized manner (e.g. each cells uses certain modulo functions of the possible locations, with start offset and number of SS-blocks to be expected). Different mechanism have different trade-offs, and it is not clear at this stage how much flexibility is needed unitl the scale of the pattern of possible SS-block time locations has been futher developed.

5	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed the mapping of SS blocks to slots and composition of the pattern of candidate SS block locations for SS burst set. Following proposals were made:
Proposal: For 15kHz sub-carrier spacings, depending on the NR-PDCCH performance target, select between option (a) and option (d) illustrated in Figure 2.
Proposal: For 30kHz sub-carrier spacings, select option (b) as illustrated in Figure 3.
Proposal: For 120kHz sub-carrier spacings, select option (b) as illustrated in Figure 4
Proposal: For 240kHz sub-carrier spacings; select option (c) or option (d) as illustrated in Figure 5.
Composition of SS burst set pattern in the 5ms period was discussed in Section 3, with following proposals drawn:- 
Proposal: For 15kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having two segements of two slots (14-symbols) consisting SS block locations, separated by one (14-symbol) slots without SS blocks, like illustrated by option (a) in Figure 6.
Proposal: For 30kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having 4 segements of one slots (14-symbols) consisting SS block locations, separated by each other one (14-symbol) slots without SS blocks, like illustrated by option (b) in Figure 7.
Proposal: For 120kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having eight segements of 0.625ms (5 slots), where four first slots would consist SS block locations and the fifth slot would not include candidate locations like illustrated in Figure 8.
Proposal: For 240kHz sub-carrier spacing, form the pattern for SS block candidate time locations in 5ms by having four segements of 0.625ms (10 14-symbol slots), where eight first slots of 28-symbols would consist SS block locations (16 in total) and the 9th and 10th slot would not include candidate locations illustrated in Figure 8.
The assistance information related to SS blocks was discussed in Section 4 and following observatins 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.
Observation: With synchronised networks and fixed time locations of the possible SS-block transmissions, the measurement window can be used to steer the UE measurements.
Observation: In case of loosely syncrhonised networks, providing some means to adjust the measurement window location (compared to default) and/or window duration could be useful.
Observation: Providing connected mode UE with information regarding the used SS-block locations in serving can be considered.
Observation: Need to provide the information regarding the used SS-block locations for IDLE mode UE’s, does not seem mandatory and should be further considered.
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